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N Fejzić and S Šerić-Haračić

Toxoplasmosis as a food-borne infection 012005
O Djurković-Djaković
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Environmental footprints in the meat chain 012015
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Colour and fat content as intrinsic cues for consumers attitudes towards meat product quality 012054
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Characterization of biofilms produced by Escherichia coli O157 isolated from cattle hides 012076
L Milojević, B Velebit, T Baltić, A Nikolić, R Mitrović and V Djordjević
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Preface 

It is my great pleasure and honour to welcome you to the 59th International Meat Industry Conference 

(MEATCON2017) which will be held in Mt. Zlatibor, Serbia during October 1-4, 2017. 

MEATCON2017 is dedicated to issues related to food safety and quality, but also to food processing 

technology and food-related legislative. 

The major goal and feature of the conference is to bring academic scientists, governmental decision 

makers and food business operators together to exchange and share their experiences, ideas and research 

results, and discuss the practical challenges encountered and the solutions adopted. Distinguished 

experts from EFSA, Directorate General for Health and Food Safety of the European Commission, TNO, 

NRL’s and POPs Environmental Consulting and professors from all over Europe were invited to deliver 

plenary lectures regarding latest information in their respective expertise areas. It will be a golden 

opportunity for the students, researchers and food business operators to interact with the experts and 

specialists to get their advice or consultation on different food related topics. 

These proceedings present a selection from papers submitted to the conference Programme Committee 

from universities and research institutes. All of the papers were subjected to peer-review by conference 

Programme Committee members and international reviewers. The papers selected depended on their 

quality and their relevancy to the conference. The volume tends to present to the readers the recent 

advances in all fields of Food Safety, Food Quality, Food Technology, Food related Legislative, Food 

& Environment. etc. 

I would like to thank all the authors who have contributed to this volume and also to the Organizing 

Committee, reviewers, speakers, chairpersons, sponsors and all the conference participants for their 

support to MEATCON2017. 

Dr Branko Velebit 

Institute of Meat Hygiene and Technology, Serbia 

September 12, 2017 

http://creativecommons.org/licenses/by/3.0
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The importance of data collection for timely and accurate risk 
assessment 

MB Gilsenan 

European Food Safety Authority (EFSA), Via Carlo Magno 1A, Parma, Italy 
 

E-mail: mary.gilsenan@efsa.europa.eu 

Abstract. The European Food Safety Authority (EFSA) is responsible for food safety risk 
assessments at EU level. It provides independent scientific advice on risks associated with the 
food chain to support EU risk management decisions. Since its establishment, EFSA has 
amassed a wealth of data to underpin its risk assessments, such as food consumption data, 
monitoring data and experimental data. Increasing transparency of its risk assessments is a core 
objective of EFSA. EFSA aims to enhance the quality and transparency of its outputs by giving 
insofar as possible access to data and methods underpinning its scientific outputs. This paper 
provides an overview of the role of EFSA, its core data collections and their regulatory 
framework, as well as data quality and standardisation aspects. Finally, the paper elaborates on 
EFSA’s 2020 strategy in relation to data, and describes EFSA scientific data warehouse and 
Knowledge Junction in this regard.  

1.  European Food Safety Authority mandate  
The European Food Safety Authority (EFSA) is responsible for EU food safety risk assessments to 
protect consumers. It provides independent scientific advice on questions relating to food and feed 
safety, animal health and welfare, plant health, nutrition, and associated environmental issues and 
emerging risks. In addition, EFSA communicates on its scientific assessments to all interested 
stakeholders, including risk managers, scientists and the public. The authority was established in 2002 
in the aftermath of the BSE (Bovine Spongiform Encephalopathy) crisis in Europe, and constitutes an 
integral part of the EU food safety system to protect public health.  

EFSA’s scientific advice informs EU risk managers (the European Commission, Parliament and 
EU Member States) who make regulatory decisions relating to food and feed safety (e.g.  authorisation 
of a food ingredient or a new health claim, or the establishment or amendment of maximum legal 
limits for a food contaminant). The European Commission, Parliament and competent authorities in 
EU Member States are the only bodies entitled to ask scientific advice from EFSA. Once a request for 
scientific advice is accepted by EFSA, it becomes a mandate and is assigned to one or more Scientific 
Panels or EFSA’s overarching scientific committee depending on the scientific area to which the 
question pertains. EFSA’s scientific advice is provided in the form of scientific opinions or statements 
by one or more of its scientific panels or its scientific committee. These expert groups are composed of 
independent experts appointed through an open selection procedure. Experts mainly come from 
European universities, public research organisations, national authorities and food safety agencies. 
EFSA’s panels and its scientific committee also carry out scientific work on their own initiative, so 
called self-tasking, to examine emerging issues and new hazards or to update risk assessment 

http://creativecommons.org/licenses/by/3.0
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approaches for example.  EFSA staff also produces scientific outputs such as peer reviews of the risk 
assessment of active substances in pesticides or dietary exposure to food-borne substances. Since its 
creation, EFSA’s experts and staff have produced assessments for more than 4,400 substances in over 
1,650 scientific opinions, statements and conclusions. These assessments are published in the open 
access EFSA Journal. Openness and transparency are core values of EFSA and are embedded in all 
activities undertaken by the authority. Adherence to these values helps to ensure a high level of trust in 
EFSA’s work as well as accountability to society.  

2.  Food safety risk assessments 
EFSA applies the overarching principles of the risk assessment paradigm in its food safety 
assessments: hazard identification and hazard characterisation (hazard assessment) determine safe 
levels of exposure of substances for human health, animal health or the environment. These safe levels 
are then combined with exposure estimates (exposure assessment) to determine the likelihood of risk 
associated with a given exposure (risk characterisation). Hazard assessments typically rely on 
toxicology data from animal studies. Dietary exposure assessments require data on the occurrence and 
levels of microbiological or chemical substances in food, as well as food consumption data.  

EFSA’s scientific committee develops cross-cutting guidance documents to be implemented in the 
routine work of panels to further improve openness, transparency and robustness in the risk 
assessment process and to achieve a more harmonised approach to risk assessments across panels and 
in the wider risk assessment community [1]. Recent examples include guidance on use of the 
benchmark dose approach, use of the weight of approach in scientific assessments, assessment of 
biological relevance and uncertainty analysis.   

In 2015 EFSA published principles and processes for dealing with data and evidence in risk 
assessments [2] which describe the process for performing fit for purpose risk assessments. A key 
component is that data used as evidence in scientific assessments are both relevant and reliable. 

3.  Data collection regulatory framework 
EFSA’s founding regulation defines an overarching legal obligation on EFSA to collect, collate and 
summarise scientific and technical data to inform EU risk assessments and to work in close co-
operation with all operators in the field of data collection to achieve this goal [3]. This framework is 
reinforced by sector specific EU legislation pertaining to chemical and biological hazards.  

In the case of pesticide residues, Member States have a legal obligation to monitor pesticide 
residues in food commodities from national and EU co-ordinated sampling programmes and to submit 
monitoring results to EFSA and to the European Commission [4]. Some 18 million analytical records 
from European data providers are sent directly to EFSA annually.  

In area of biological hazards, Member States have a legal obligation to monitor trends and sources 
of zoonoses, zoonotic agents and antimicrobial resistance and to transmit the results of monitoring 
programmes to the European Commission [5,6]. The European Commission entrusts the task of 
European data collation directly to EFSA.  

To support EFSA’s risk assessments of intentionally added food ingredients such as food additives 
and flavourings, Member States are required to maintain systems to monitor the consumption and use 
of these intentionally added ingredients using a risk-based approach and to report their findings with 
appropriate frequency to the European Commission and to EFSA [7,8]. 

In the domain of chemical contaminants, Commission Regulation (EC) No. 1881/2006 [9] 
complemented by several pieces of contaminant specific legislation requests Member States to 
monitor contaminant occurrence in food and feed and to report findings to the Commission or EFSA. 
The European Commission entrusts EFSA with the task of collecting all contaminant data from 
Member State data providers on the occurrence of contaminants in foodstuffs on an annual basis. 

In the field of veterinary medicinal product residues, Member States must submit to the 
Commission, on an annual basis, national monitoring plans together with the results of monitoring for 
the previous year [10]. The European Commission subsequently entrusted the task of data collection 
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(at sample level) to EFSA. EFSA is currently piloting a European data collection at sample based 
level.  

For some of its risk assessments (e.g. in the regulated product area), EFSA relies on published 
information as well as on scientific studies sponsored and submitted by industry. Data requirements 
for regulated product areas are outlined in sector specific guidance documents issued by EFSA.  

4.  EFSA data collections 
Since its foundation, EFSA and Member States have made significant progress in the area of data 
collection for risk assessment and monitoring. EFSA has become a central hub of European data on 
food consumption and monitoring data of food-borne hazards to support its scientific activities. The 
Evidence Management unit of EFSA is primarily responsible for collecting monitoring and food 
consumption data from EU Member States. Data are collected through various channels such as 
voluntary submissions from the food industry and academia in response to calls for data on EFSA’s 
website, direct submission of data from competent authorities in Member States to EFSA, as well as 
provision of funding to Member States via grants / procurements for data generation and collection.  
EFSA receives support for its data collection activities from EFSA's advisory forum, the EFSA focal 
point network  and  EFSA scientific data networks composed of respective representatives from 
Member States. EFSA also engages with industry and other stakeholders through its stakeholder forum 
to collect food additive and contaminant data for its dietary exposure assessments.  

EFSA’s Comprehensive European Food Consumption Database [11] contains individual dietary 
records from some 100,000 subjects (infants to elderly) from more than 510 million inhabitants in 23 
Member States. This database is used for EFSA exposure assessments. One of the limitations of the 
database is that dietary surveys use different methodologies, e.g. 24h recall vs. 7 day food record. To 
address this, EFSA launched its EU Menu project which aims to provide more standardised and higher 
quality data on food consumption using FoodEx2 food classification and description [12] across the 
EU, following the EU Menu methodology [13]. EFSA provides guidance and financial support to 
participating countries to collect these food consumption data. To date, some 30 surveys covering 
different population groups (e.g. children, adults) are ongoing in the EU Menu project. EFSA aims to 
gradually update its comprehensive database with national surveys conducted according to the EU 
Menu project methodology.  

EFSA’s databases on contaminant and pesticide residue occurrence are populated on an annual 
basis with some one million and 18 million analytical records, respectively.  In order to standardise 
data on contaminants and pesticide residues transmitted to EFSA, EFSA developed the Standard 
Sample Description (SSD) data model [14]. Many public and private laboratories in Europe are now 
sending (electronically) laboratory results to EFSA using the SSD format. The inclusion of the SSD 
specification in pesticides legislation [15] has facilitated the adoption of this specification by 
laboratories. Veterinary medicinal product residue data are also reported in SSD format to EFSA. 
Using EFSA’s FoodEx2 food classification system, the monitoring results are combined with EFSA’s 
EU wide food consumption databases to estimate consumer exposure.  

EFSA collects annually data on zoonoses, food-borne outbreaks, animal populations as well as data 
on antimicrobial resistance [16], and uses these data to generate annual EU summary reports together 
with ECDC (the European Centre for Disease Prevention and Control).  EFSA has established a joint 
molecular typing database with ECDC, to share common data in a joint repository so that 
microbiological data from humans can be linked to similar data from the food chain. The goal is to 
enable early detection and investigation of cross border food-borne outbreaks and contribute to source 
attribution studies to better understand the epidemiology of food-borne pathogens [17].  

Regarding data for hazard assessments, EFSA developed an open source chemical hazards database 
called OpenFoodTox. This database is available as a simple viewer through Microstrategy or as a 
downloadable database from EFSA’s Knowledge Junction. OpenFoodTox summarises the outcome of 
hazard characterisation for human health and, for some compounds, animal health and the 
environment (feed additives and pesticides). The data cover some 4400 substances including 
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information on substance characterisation and toxicological data (reference points, reference values 
and genotoxicity) linked to EFSA outputs [18].  EFSA also published a database on botanical species 
reported to contain naturally occurring substances of possible concern for human health when present 
in food. The database supports the safety assessment (hazard identification) of botanicals and botanical 
preparations intended for use in food. 

4.1.  Data quality  
Data quality is defined as the fitness for purpose of the data for a specific risk assessment question. 
Many aspects of a data collection can affect data quality, e.g. the representativeness of a sample, the 
temporal relevance of a sample or the sensitivity of an analytical method used to detect a hazard in a 
sample. Timeliness and completeness are important aspects of data quality relevant to EFSA’s work, 
in particular given that many of its assessments pertaining to a specific time period are bound by legal 
deadlines. Good metadata allow end users to assess the fitness for purpose of a dataset for a particular 
assessment. EFSA’s standard for monitoring data transmission, the SSD, was developed to standardise 
and improve the quality of incoming data. The SSD contains some 80 different fields with metadata 
describing an analytical sample (e.g. year of sampling, analytical method, limit of detection, sampling 
strategy, etc.).  

Poor data management handling can also introduce errors into datasets that can affect data quality. 
EFSA continually improves its data management processes and tools to detect any anomalies in the 
data received that may impact data quality. Data are mainly submitted through EFSA’s Data 
Collection Framework (DCF), a web interface to receive data from data providers. The DCF contains 
in-built business (validation) rules to perform automatic checks on incoming data. Automatic feedback 
is sent to data providers and files are rejected in case issues are identified. Additional quality checks 
are performed on the data following standard operating procedures to identify any anomalies in the 
data that may impact its quality. 

Close cooperation with data providers is important to ensure data quality at source. EFSA regularly 
publishes guidelines for data providers on data reporting and invests in training on data reporting and 
transmission. Training on data collection and reporting is also extended to pre-accession countries in 
preparation for their future participation in the EU. In 2017, EFSA started to piloting a project with 
five Member States with a view to improving data quality at Member State level. 
 

5.  EFSA 2020 strategy: data 
EFSA has accumulated a wealth of risk assessment data since its foundation. In parallel, the work of 
EFSA is increasingly subject to demands for more openness and transparency across its spectrum of 
stakeholders. EFSA’s 2020 strategy includes a strategic objective to ‘widen EFSA’s evidence base and 
optimise access to its data’. Under this objective, EFSA aims to enhance the quality and transparency 
of its outputs by giving insofar as possible access to data and evidence underpinning its scientific 
outputs [19, 20]. Many of EFSA’s data collections can now be accessed through its Knowledge 
Junction or its scientific data warehouse. EFSA’s Knowledge Junction is a community on the EU-
funded Zenodo research-sharing open data platform. Uploaded items have a unique digital object 
identifier to make them citable. The contents can then be cited and re-used by the scientific 
community and other interested stakeholders. EFSA’s scientific data warehouse currently contains 
monitoring, food consumption and hazard data, and is publically accessible from EFSA’s website. 
Access rules define different levels of data access for different stakeholders [21]. In 2017, EFSA 
became a partner of GODAN (Global Open Data for Agriculture and Nutrition) which advocates open 
data and open access policies by default while respecting legitimate concerns such as relating to 
privacy, security and commercial sensitivity. EFSA also plans to migrate insofar as possible from 
unstructured to structured scientific data to increase efficiency, innovation and enable data re-use. 
Within this context a transformational project is currently ongoing on electronic submission of 
industry dossier data.  
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Abstract. Persistent organic pollutants (POPs) including polychlorinated dibenzo-p-dioxins and 
polychlorinated dibenzofurans (PCDD/Fs; “Dioxins”), or polychlorinated biphenyls (PCBs) are 
widely recognized environmental and food contaminants. More than 90% of PCDD/Fs and PCB 
exposure of the average population stem from animal based food including meat. While average 
PCDD/F and PCB levels have decreased compared to levels 1980s, still contamination above 
regulatory limits are observed and a share of the population is above the tolerable daily intake 
recommended by the WHO. For PCBs the contamination of feed and food along the life cycle 
from production, use, recycling, end of life and related contaminated sites has been documented 
and can be seen as a model. Furthermore, it has been recently discovered that levels of PCBs in 
feed and soil below regulatory limits can result in meat contamination above EU regulatory 
limits. In particular, beef meat and chicken meat/eggs have been found very sensitive towards 
PCB contamination in the environment (soil and feed) but also in stables (paints and sealants). 
For PCDD/Fs, the major exposure pathways are feed, feed additives and contaminated sites. 
Chlorinated paraffins have substituted PCBs the last 40 years in open application and short chain 
chlorinated paraffins (SCCPs) were recently (05/2017) listed in the Stockholm Convention. 
Furthermore, brominated and fluorinated POPs have been listed in the Convention. All these 
POPs groups can accumulate in meat animals. For these new listed POPs no regulatory limits in 
food including meat has been established yet. Initial information on presence and risk of new 
listed POPs to food animals is compiled. A more systematic assessment of exposure and risks of 
POPs to food animals/meat is needed. 
 

1. Introduction 
Polychlorinated dibenzo-p-dioxins, polychlorinated dibenzofurans (PCDD/Fs), and polychlorinated 
biphenyls (PCBs) are widely recognized environmental and food contaminants. In the EU, the 
Commission Regulation (EC) No 1881/2006 of 19 December 2006 sets maximum levels for PCDD/Fs 
and the sum of PCDD/Fs and dioxin-like PCBs (dl-PCBs) in certain foodstuffs (European Commission 
2006). The regulation was amended by Commission Regulation (EU) No 1259/2011 of 2 December 
2011 introducing new EU maximum levels for PCDD/Fs, for the sum of PCDD/Fs and dl-PCBs (based 
on WHO toxicity equivalency factors established in 2005, TEF2005) and for non-dioxin-like PCBs (ndl-
PCBs) (European Commission 2011). 

Most of the meat and milk samples on the European market meet the regulatory limits (EFSA 2012). 
Average PCDD/F and PCB levels have decreased compared to levels 1990s which is also reflected in 
decreasing PCB and PCDD/F levels in human milk (UNEP 2013). However, in recent 10 years more 
frequent contamination of meat and eggs with PCBs were detected (Weber et al. 2015). This was trigged 
by the inclusion of PCBs in the regulation since 2006.  

In the past often feed incidents were responsible for exceeding maximum levels of PCDD/Fs and 
PCBs in food of animal origin (Tlustos et al. 2013; Malisch & Kotz 2014). In recent years also sheep 
(in particular liver) (EFSA 2011) and beef (Kamphues et al. 2011; Weber et al. 2014) from free-range 
production exceeded the existing maximum limits. Depending on the source, PCDD/Fs or dioxin-like 
PCBs can contribute in various ratios to TEQ with dl-PCB often as main contributor.  

In addition to these chlorinated persistent organic pollutants in the last 8 years the first brominated 
and fluorinated POPs have been listed in the Stockholm Convention. 

http://creativecommons.org/licenses/by/3.0
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In the current paper experiences with PCBs, PCDD/Fs and selected new Stockholm Convention 
listed POPs and contamination of food animals/meat is compiled. 

 
2. Samples of food contamination resulting from POPs 
2.1. Experiences and lessons learnt from PCBs 
PCB is the best assessed industrial POP in food and feed due to regulatory requirements and related 
monitoring and control. Food animals and related meat and other food products can become PCB 
contaminated along the life cycle of PCBs (Weber et al. 2015): 
 
Exposure from PCB production sites via food animals 
Animals and humans were exposed to PCBs around production sites. For the PCB production sites the 
contamination and exposure via animals/cattle in Anniston (ATSDR 2015) and Brescia/Italy have been 
documented (Turrio-Baldassarri et al. 2009). For the former PCB production site in Slovakia elevated 
human exposure was found up to 70 km from the plant with food animals as likely major human 
exposure pathway (Wimmerová et al. 2015). 
 
Exposure of food animals from PCB use  
PCBs have been used in “closed applications” (e.g. transformers, capacitors) and “open applications” 
(e.g. sealants and paints). Already in the 1970s/80s it had been discovered that PCB-paints used in fodder 
silos had contaminated cattle (Willett & Hass 1975; Deutscher Bundestag 1989). The recent cases of 
meat or egg1 contamination with PCB-paints on farms in Germany (Weber et al. 2015; Winkler 2016), 
France (Marchant 2017), Netherlands (Hoogenboom et al. 2014) and Switzerland (Zennegg et al. 2014) 
demonstrate that still PCB in open applications in particular paints exist and need further assessment 
and management.  
 
PCB exposure of food animals from recycling of PCB containing oils and wastes 
Although the recycling of PCB containing oils is not allowed, it can enters recycling cycles and has in 
some cases contaminated feed and related meat and other animal products. The largest and most costly 
(approx. 1 billion US$) PCB/Dioxin food scandal occurred in Belgium in 1999 where PCB oil were 
mixed with food fat impacting meat and eggs from more than 1500 farms (Fiedler et al. 2000; Larebeke 
et al. 2001). Another large meat contamination case with associated 100 million $ damage cost resulted 
from use/recycling of PCB-contaminating oil for drying of animal feed contaminating the Irish 
pork/meat with related recalls (Heres et al. 2010; Marnane 2012). Today in particular in developing 
countries still 14 million tonnes of PCB contaminated oil and equipment exist which is partly recycled 
in an uncontrolled manner. However, no monitoring of PCBs in food is established in developing 
countries and meat or other food contamination is normally not discovered. 
 
PCB exposure of food animals from waste treatment and from contaminated soils 
Free-range cattle are ingesting a considerable amount of soil when grazing. In recent survey in Germany 
contamination of beef meat from a range of sources mainly related to soil contamination were 
discovered: 

- Flood plains of industrially impacted rivers 
- Application of sewage sludge from 1960s and 1970s 
- Sediment deposits on agricultural land 
- Construction debris scattered and incorporated into soil of  a pasture area 
- Long term emission/deposition from industrial facilities (metal industry; incinerators) 
- Areas where (agricultural) machinery was parked (dripping machinery/hydraulic oil)  
- Use of former PCB-contaminated scrap yard as storage area for dung                                                              

1 If an egg is above the EU regulatory limit, also the chicken meat is above the regulatory limit. 
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- Former use as military area  
- Area close to street with PCB road marking  

The cases showed that in particular for suckling herds the dl-PCB levels of soils were mostly below 5 
ng WHO-PCB-TEQ/kg dm and the feed in average below 0.2 ng WHO-PCB-TEQ/kg dm. As 
conclusion, meat of free range cattle in particular when calves are fed by milk of grazing cows for a 
longer period can exceed the EU-regulatory limits at relatively low soil levels (below 5 ng WHO-PCB-
TEQ/kg dm) in combination with grass/feed levels around 0.15 ng TEQ/kg dm considerably below the 
EU-regulatory limits for feed (Weber et al. 2015). When calculating the total intake of the cows 
(consumption of 10 kg dm of grass/hay containing approx. 3 wt-% soil), a total intake of approx. 2 ng 
WHO-PCB-TEQ/day from soil and feed might be critical with regard to possible exceedance of the 
maximum limits for meat from beef in these cases. A systematic screening of PCB contaminated sites 
is needed for promoting safe feed and food (including meat) production. 

2.2. Experience with polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) 
PCDD/Fs are not produced intentionally but are emitted from a wide range of sources. The exposure of 
cattle and chicken and related meat can result from (Fiedler et al. 2000; Huwe et al. 2004; Malisch & 
Kotz 2014; Tlustos et al. 2013; Weber et al. 2015):  

- PCDD/F contamination of feed 
- PCDD/F contamination of feed additives (e.g. ZnO or CuSO4) 
- PCDD/F contaminated in stables and in animal bedding (e.g. PCP treated wood)  
- PCDD/F contamination of soils and exposure from grazing (+ feed contamination) 

All four exposure routes have resulted in meat contamination above regulatory limits. Since the largest 
amount of PCDD/Fs are from historic releases, the contamination of soils and related exposure of feed 
and cattle is likely the most relevant PCDD/F exposure route (Weber et al 2008, 2015). 

2.3. New listed POPs of emerging concern 
Perfluorooctanesulfonic acid (PFOS) and other per-/polyfluorinated alkylated substances (PFAS)  
Since 2009 the first fluorinated POPs (PFOS and related precursor chemicals) have been listed in the 
Stockholm Convention and wide environmental pollution is discovered. Also these POPs can bio-
accumulate in meat (Lupton et al. 2014). For PFOS transfer factors from environmental contamination 
to food animals have been established (Brambilla et al. 2014). Meat and other animal food can become 
major human exposure pathways for PFOS (Brambilla et al. 2014). Assessments of a PFOS/PFAS 
contaminated site impacting the groundwater of a farm has shown highest PFOS/PFAS levels in cattle 
of the farms up to ppm level in blood (Bräuning et al. 2017). Currently approx. 3000 PFAS are in use 
which are highly persistent or have highly persistent degradation products. There are currently no limit 
values in food including meat but only limit values for PFOS/selected PFAS in drinking water. 
 
Polybrominated flame retardants  
Since 2009 also some brominated flame retardants have been listed as POPs in the Stockholm 
Convention including polybrominated biphenyl ethers (PBDEs), polybrominated biphenyls (PBBs) and 
hexabromocyclododecane (HBCD). The most known cattle/meat incident with BFRs occurred 1973 
when the Michigan Chemical Company producing PBB and magnesium oxide (a cattle feed 
supplement) by mistake sent 230 to 500 kg of PBB instead of MgO accidentally to Michigan Farm 
Bureau Services (Michigan Department of Community Health (2011). As a result of this incident, over 
500 contaminated Michigan farms were quarantined, and approximately 30,000 cattle, 4,500 swine, 
1,500 sheep, and 1.5 million chickens were destroyed, along with over 800 tons of animal feed, 8165 
kg of cheese, 1134 kg butter, 5 million eggs, and 15400 kg of dried milk products (Michigan Department 
of Community Health 2011). 60% of the Michigan population still have high PBB levels 40 years after 
the incident (Department of Epidemiology - The Michigan PBB Registry 2017).  
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For PBDEs it has been shown that poultry and red meat consumption is a major contributor for PBDEs 
burden of the population in the US. Blood levels of five major PBDE congeners were associated with 
consumption of poultry fat and red meat fat (Fraser et al. 2009). ΣPBDE serum concentrations among 
vegetarians were approx. 25% lower than among omnivores (Frazer et al. 2009). 
In North America where the largest amount of PBDEs have been used, PBDE exposure to cattle/meat 
resulted from application of sewage sludge/biosolids (Rawn et al. 2017). 
 
Chlorinated paraffins 
Chlorinated paraffins are the chlorinated semivolatile organic compounds with highest production 
volume (�1 million tonne/year) having substituted PCBs in most open applications (Glüge et al. 2016). 
Most recently short chain chlorinated paraffins (SCCP) have been listed as POPs in the Stockholm 
Convention. Chlorinated paraffins can bioaccumulate in meat/fat (Ueberschär & Matthes 2004) and 
might pose a risk for future safe meat production considering the large use volumes in open applications. 

2.4 Problematic chemicals in meat production with lower persistence not considered here 
There are a wide range of problematic chemicals which are a threat for meat production including 
pesticides/biocides (e.g. recently fipronil, glyphosate), antibiotics and other veterinary drugs, PAHs or 
heavy metals. These chemicals are not addressed in this abstract with the focus on POPs but need to be 
controlled and reduced for healthy and environmental friendly meat production. 

3. Governmental guidance documents and support 
To support safe food production and to avoid dioxin and PCB contamination of food of animal origin 
(meat, milk and eggs) different governmental institutions have published guidance documents.  

On international level the “Code of Practice for the Prevention and Reduction of Dioxin and Dioxin-
like PCB Contamination in Food and Feeds” have been published 2006 (FAO 2006). 

Several documents were developed on EU E.g. “Evaluation of the Occurrence of PCDD/PCDF and 
POPs in Wastes and Their Potential to Enter the Food Chain” (Fiedler et al. 2000) or “Guidelines for 
the enforcement of provisions on dioxins in the event non-compliance with the maximum levels for 
dioxins in food (DG Sanco 2004). 

Also guidance documents have been developed on national level. E.g. the German Environmental 
Ministry has published a guidance on “Environmental protection – pillar for food safety to avoiding 
dioxin and PCB entry” (BMU 2013). The Chamber of Agriculture of the federal state of Lower Saxony 
developed leaflet for cattle breeder to control Dioxin and PCBs input or on cultivation on contaminated 
land (Landwirtschaftskammer Niedersachsen 2011; 2014). 

In the frame of the Stockholm Convention inventory guidance documents for individual POPs have 
been developed include a chapter for contaminated sites for PFOS, PBDEs, HBCD, PCNs, PCP and 
HCBD (Secretariat of the Stockholm Convention 2017). The development of inventories of POPs 
contaminated sites and the securing and remediation of these sites can improve feed and food/meat safety 
contributing to several Sustainable Development Goals (SDGs) (Bell et al. 2016). 
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Abstract. Risk analysis is a three part, interactive process that consists of a scientific risk 
assessment, a risk management strategy and an exchange of information through risk 
communication. Quantitative risk assessment methodologies are now available and widely used 
for assessing risks regarding the unintentional consumption of major, regulated allergens but 
new or modified proteins can also pose a risk of de-novo sensitization. The risks due to de-novo 
sensitization to new food allergies are harder to quantify. There is a need for a systematic, 
comprehensive battery of tests and assessment strategy to identify and characterise de-novo 
sensitization to new proteins and the risks associated with them. A risk assessment must be 
attuned to answer the risk management questions and needs. Consequently, the hazard and risk 
assessment methods applied and the desired information are determined by the requested 
outcome for risk management purposes and decisions to be made. The COST Action network 
(ImpARAS, www.imparas.eu) has recently started to discuss these risk management criteria 
from first principles and will continue with the broader subject of improving strategies for 
allergen risk assessment throughout 2016-2018/9.  

Risk analysis is a three part, interactive process that consists of a scientific risk assessment, a risk 
management strategy and an exchange of information through risk communication [1]. In its purest 
sense, risk assessment is the scientific evaluation of known or potential adverse health effects resulting 
from human exposure to foodborne hazards. Risk assessment consists of four steps: hazard 
identification, hazard characterization, exposure assessment, and risk characterization [1]. Risk 
management is the process of weighing policy alternatives to accept, minimize, or reduce assessed 
risks and to select and implement appropriate options. In risk management, one accounts for the risk 
assessment results and other legitimate factors (political, technical, economical, societal, etc.) may be 
considered. 

Risk communication is the interactive process exchanging information and opinion on risk among 
risk assessors, risk managers and other interested parties. As all manner of risks are evaluated with the 
same process, risk analysis for food allergens does not differ in concept from other risks associated 
with foods. However, while methodologies and principles of risk assessment in food safety have 
developed and become harmonized to a large extent worldwide over the past half century, the risks 
addressed are mainly those posed by chemical, microbiological and physical hazards. 

Within risk assessment, hazard identification is the recognition of a particular component in foods 
associated with potential or known health effects [1]. The hazard in food allergy is a specific protein 
(or perhaps carbohydrate) that can cause sensitization and allergic reactions on subsequent exposures. 
Multiple proteins within a single food can be sensitizing agents and any of them can be the cause of an 
allergic reaction [2]. Additionally, proteins from one allergenic food can cross react with proteins in 
foods from a number of categories including fresh fruits, vegetables and legumes, as is known with the 
major allergen in birch pollen, Bet v 1 (3). Sensitivity to a cross-reactive carbohydrate determinant 
(CCD) can have broad implications and lead to reactions after consumption of multiple foods 
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previously allowed in the diet (i.e. alpha-gal in beef, pork or lamb) [4]. Food allergens and exposure to 
them are not a risk to the majority of the population; however, individuals within the food-allergic 
population risk potentially life-threatening reactions upon consumption and must take their avoidance 
diets seriously. 

Hazard characterization is the qualitative and/or quantitative evaluation of the nature of the adverse 
effects. If data are obtainable, a dose-response assessment should be performed [1]. As commonly 
known and reported by others, a wide range of symptoms can be experienced by food-allergic 
individuals upon exposure to the offending food. It is important to note that not all allergic reactions 
are life-threatening. Some food-allergic individuals will never experience a severe reaction and their 
symptoms range from very mild, such as itching and flush, while others can experience a severe drop 
in blood pressure and bronchospasm. The reasons for the differences in reaction severity are not fully 
understood, but many factors are expected to play a role [5]. The minimal eliciting dose (MED), or 
threshold, also varies widely across foods and across the entire population of individuals allergic to 
any specific food [6–9]. Double-blind, placebo-controlled food challenges (DBPCFC) can be used to 
quantify an individual food allergen thresholds in a clinical setting, preferably with objective 
symptoms as the endpoint. Dose-response curve assessments can then be conducted by risk assessors 
using the DBPCFC results to determine the population threshold for a particular allergen. Data now 
exist to conduct quantitative, dose-response based risk assessments for a number of food allergens. 

Exposure assessment is the qualitative and/or quantitative evaluation of the likely intake via food 
and other sources if relevant [1]. For a food allergen risk assessment, two main variables shape the 
exposure patterns: likelihood of consumption and the amount eaten. First, exposure will only be 
relevant if the allergic individual at risk consumes the particular allergen-containing product of 
interest. Second, the outcome of the risk assessment will be influenced by the amount of food eaten by 
the individual and thus the amount of allergen. Population-based dietary intake surveys exist for a 
number of countries and are regularly used by risk assessors in all fields but there is no consumption 
database available solely for food-allergic consumers. Until food allergy specific surveys are 
completed, with proper controls, risk assessors must assume that if an allergic individual chooses to 
consume a product, they consume it in the same amount as non-allergic individuals. Assumptions 
regarding frequency of consumption are more difficult as it is well known that allergic consumers are 
brand loyal, share experiences and will avoid perceived “risky” products and product categories. 
Additionally, some allergic consumers will ignore warning labels and purchase products that have 
allergen advisory statements [10]. While uncertainty exists regarding the consumption patterns of 
allergic consumers, use of the overall population consumption patterns is considered a suitable 
surrogate until dietary surveys are designed specifically for the allergic individual. However, as with 
all parts of a risk assessment, the assumptions involved during the exposure assessment must be stated 
and understood.  

Risk characterization is the integration of hazard identification, hazard characterization and 
exposure assessment into a qualitative and/or quantitative estimation of the adverse effects likely to 
occur in a given population, with the attendant uncertainties [1]. Food allergy was a relatively late 
arrival to the field of food safety hazards and real progress in method development to ensure consumer 
protection is fairly recent in comparison to other fields (chemical, microbiological and physical 
hazards). In the past 30 years, true progress has been made regarding analytical methods for detecting 
the presence of allergens in foods and a deeper understanding of food allergy has been obtained 
through clinical research. In the past 15 years, knowledge has begun to accumulate regarding the 
sensitivity of food-allergic individuals from observed thresholds during large scale, structured clinical 
food challenges (DBPCFC) [6–9]. This growth of knowledge has enabled the development of methods 
for assessing the risk to food-allergic consumers from oral exposure to known allergenic food proteins 
already present in the diet [11–14]. Quantitative risk assessment methodologies are now available and 
widely used for assessing risks regarding the unintentional consumption of major, regulated (EC 
1169/2011) food allergens [15,16]. Similar combinations of DBPCFCs and quantitative risk 
assessment methods may also be applied to assessing potential allergenic risks due to cross-reactivity 



3

1234567890

59th International Meat Industry Conference MEATCON2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 85 (2017) 012003    doi   :10.1088/1755-1315/85/1/012003

 
 
 
 
 
 

between new or modified proteins when the new protein will likely to be a risk for persons with food 
allergies to similar known allergens, e.g. the novel food mealworm cross-reacting with shrimp [17,18]. 
However, new or modified proteins can also pose a risk of de-novo sensitization, leading to the 
development of new food allergies. The risks due to these possible new food allergies are harder to 
quantify. 

Adaptive immune responses, such as allergy, consist of two phases: sensitization and elicitation, 
which must be analysed separately. An expert panel of ILSI Europe recently published a framework 
allowing for the categorisation and prioritisation of allergenic foods in accordance with their 
importance to public health. Within that framework, the expert panel also proposed a scheme to also 
systematically apply the terms and principles to the interconnected risk analysis processes for the 
distinctly separate sensitization and the elicitation phases of IgE-mediated food allergy [19]. The first 
phase to be analysed in the risk analysis process is that of sensitisation to the allergenic food. The 
prevalence of allergy and the sensitivity of the allergic population (i.e. individual thresholds during 
DBPCFC) are the outcomes from the risk analysis for the sensitisation phase and are also the hazard 
input for the elicitation phase risk analysis (figure 1). During the sensitization phase, an allergenic 
food’s sensitising potency, in combination with the pattern of exposure, determine the prevalence of 
sensitisation, subsequent prevalence of allergy and the sensitivity of the allergic individuals. During 
the elicitation phase, the prevalence and sensitivity of the allergic individuals, in combination with 
exposure, determine the frequency and severity of allergic reactions. During the elicitation phase (after 
the risk has been identified), exposure is not an independent determinant, as risk management 
measures (labelling, education) could influence the level of exposure in the allergic subpopulation. 
Thus, the frequency and severity of allergic reactions may be a reflection of risk management 
techniques and not only the potency of the allergen. Quantitative approaches to assess the risk posed 
by substances in the eliciting phase (reactions in already sensitized individuals) are proving very 
successful [15,20,21]. However, dose-response relationships in the sensitization phase are harder to 
study. Sensitization seems to be a non-linear response, as similar levels of exposure can lead to either 
tolerance or sensitization. To complicate matters further, the relationship between sensitization and 
elicitation is complex in allergic individuals. Additionally, the form and route of exposure to new 
proteins also impacts sensitization and allergenicity risks.  
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Figure 1. Reproduced from Houben et al. [19]. The generic risk analysis cycle (top) applied to 
food allergy (bottom). The prevalence of allergy and the sensitivity of the allergic population 
(i.e. individual thresholds during DBPCFC) are the outcomes of the risk analysis for the 
sensitisation phase and are also the hazard input for the elicitation phase risk analysis. 
 
Previous and current guidelines developed for food allergy focus on hazard analysis in already 

sensitised individuals and rely mainly on structural characteristics of the protein involved. Similarly, 
the available tools to predict allergenicity of a new food or protein analyse cross-reactivity due to their 
reliance on properties of known allergens. Current testing of new proteins assesses risks due to cross-
reactivity/co-sensitization, but fewer options are available to identify and characterise the risks from 
de-novo sensitization. No single test is currently available, nor is one expected in the near future, for 
predicting and characterising de-novo sensitization potencies of new proteins. To date, there are no in-
silico or in-vitro approaches that could be used to identify the sensitization potential of a protein or the 
subsequent potential to elicit a clinical reaction. The only tests currently fit to identify induction of 
specific IgE from a new protein are in-vivo models, either in animals or humans, although many 
limitations exist both scientifically and ethically with regard to these tests. Additionally, uncertainties 
in characterising differences between tolerance and allergenicity are present in these in-vivo models. 
Allergic responses in the human body are extremely complex and an overall mechanistic model (or 
adverse outcome pathway, AOP) for food allergy does not yet exist, despite extensive research. 
Arguably, the development and use of novel protein sources is restricted due to the limited ability of 
current testing strategies to predict sensitization. However, for the safety of our future food supply, it 
is critical to find more sustainable protein sources. Thus, there is a need for a systematic, 
comprehensive battery of tests and assessment strategy to identify and characterise de-novo 
sensitization to new proteins and the risks associated with them. This overall strategy should 
incorporate all relevant intrinsic protein properties, aspects of exposure and matrix/processing effects. 

New potential allergenic hazards are currently managed through avoiding exposure. Risk managers 
can avoid exposure of an allergen to the population by not authorizing the introduction of a protein 
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identified as a new allergen into the marketplace or possibly earlier in the process by identifying 
potential allergenicity early in development and cancelling the project. Labelling can be utilized to 
alert consumers with existing sensitivities to the presence of a potential hazard (e.g. rapeseed protein 
isolate and individuals with existing mustard seed allergies potentially at risk for reaction). However, 
food proteins with a high sensitizing potency cannot have their public risks mitigated through labelling 
alone. Post-launch monitoring exercises should be considered and are expected to provide an early 
indication of any unexpected development of allergy after introduction of a novel food to a new 
population or market. Any indication of allergenicity should then trigger the initiation of risk 
management measures. While resource intensive, post-launch monitoring is viewed as a necessary tool 
and others have previously discussed the possibilities and limitations in the context of novel foods and 
unintended health effects or allergenicity have been critically discussed [22,23]. 

Development of a comprehensive, coherent risk assessment strategy would benefit greatly from a 
clear definition of criteria for distinguishing between proteins of high and low allergenicity (i.e. ability 
to induce IgE, potency to induce IgE, expected prevalence of IgE-sensitization, expected prevalence of 
allergy, expected exposure, expected eliciting potency, expected frequency of reactions, expected 
frequency of severe reactions). It is important to establish first what we need to test for in order to 
define the requirements of new methods, and this is, in turn, dependant on what risk we want to 
manage. Do we want to prevent only the extremes (i.e. that no people die or that no single individual is 
sensitized) or could we accept a certain level of risk regarding sensitization and allergic reactions? As 
indicated above, the risk analysis outcome is based on an interactive process between risk assessment 
and risk management. These are not independent of each other, as a risk assessment must to be attuned 
to answer the risk management questions and needs. Consequently, the hazard and risk assessment 
methods applied and the desired information are determined by the requested outcome for risk 
management purposes and decisions to be made. Likewise, if new methods for hazard and risk 
assessment are to be developed, then the methods, the information needed and the requested outcomes 
all depend on the information that is going to be requested for the risk management goal or decision to 
be made. It is an important step in the coming period regarding novel food allergen risk assessment 
and it is critical that parameters and criteria for risk management decision making are clearly outlined. 
Once risk management criteria are defined, risk assessors could apply or develop the appropriate tests 
as needed to investigate the relevant protein characteristics. The COST Action network (ImpARAS, 
www.imparas.eu) has recently started to discuss these criteria from first principles and will continue 
with the broader subject of improving strategies for allergen risk assessment throughout 2016-2018/9. 

It is important to demonstrate a proof-of-principle for any chosen approach, to establish that the 
methodologies are able to distinguish between, and rank allergens of different potency appropriately. 
As scientific knowledge progresses, improvements to the methodologies used in allergenicity risk 
assessment should be possible. New development of biologically relevant in-vitro or in-silico methods 
should open new possibilities, and reduce animal and human testing while improving the safety and 
risk management of introducing novel foods into the diet. It is going to be crucial to identify those 
approaches, methods and technologies on which future research efforts should be focussed and a better 
understanding of AOPs could guide the development of better in vitro/vivo allergenicity testing 
methods. As the perfect tests have not yet been identified, it is, therefore, important to leave flexibility 
within any regulation or guidance to account for improvement of methodologies regarding food 
allergy and allergen risk assessment. 
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Abstract. Animals have always been a source of food, materials, protection and wellbeing for 
humans; however, animal diseases, including zoonoses, have both direct and indirect negative 
effects on human health, economy and the society. Since its establishment, the veterinary 
profession has provided crucial input in eradicating disease, increasing animal production and 
reducing losses due to diseases. Currently, foodborne diseases and zoonoses have raised 
awareness in developed countries, which have excellent systems for disease surveillance and 
reporting both in humans and animal populations. Due to lack of modern, integrated 
surveillance and reporting, the burden of zoonoses and foodborne diseases in developing 
European countries is much harder to assess. Differences in countries’ animal health status 
(demonstrated through disease surveillance) have been a main pivot point for international 
trade of animals and animal products. However, rapid and dramatic evolvement of the health 
trends in the world changed the principles of animal disease surveillance. Approaches requiring 
lower cost (i.e. risk-based surveillance) are now proposed, not only due to less available public 
funding, but also because the costs are harder to justify to policy makers if a disease is exotic 
and/or rare. Therefore, the veterinary profession has faced insufficient interest of governments 
and funds for further research into many persistent endemic animal diseases and zoonoses. On 
the other hand, eradication of selected diseases in some areas while elsewhere they still persist, 
and the continuous emergence of new diseases, cannot guarantee permanent epidemiological 
stability. As food safety and security become more important, global trends and events have 
highlighted the biological, health and economic inseparability of the relationships between 
humans, animals as pets and/or food sources and wildlife within the social and ecological 
framework of living space that these species share. Veterinarians are called on and expected to 
offer strategic and operational solutions for better integration of public health systems (i.e. One 
Health), animal health, food safety and environmental protection. At the same time, the 
profession faces challenges in the organisation and implementation of surveillance and disease 
mitigation measures.  

1.  Animals as source of food, prosperity, health and disease  
Humans have been both oriented and dependent on animals as source of food, materials, protection 
and wellbeing throughout history. Even though it could be argued whether many of the animal species 
would be better off without sharing habitats with us, it is certain that without animals, we would not 
have reached today’s anthropological, civilizational and technological development, perhaps even 
mankind’s survival would be at stake [1]. 

The importance of animals as a source of protein for human consumption has significant impact on 
development of the veterinary profession. The 1996 World Food Summit defined food security as “a 
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situation that exists when all people, at all times, have physical, social and economic access to 
sufficient, safe and nutritious foods that meets their dietary needs and food preference for a healthy 
life” [2]. However, modern times have brought new challenges such as overpopulation, climate 
change, urbanisation, globalisation and consequent disease (re)emergence in our efforts to ensure 
sufficient food supply [3]. 

By integrating animals in our lives and societies, we unknowingly integrated their specific 
microbiota. Hence, from early times, the occurrence and spread of human diseases was closely related 
to microorganisms found in animals. Due to the small size, density and few contacts of the early 
human communities, in order to survive, causative agents of diseases had to adapt either as chronic 
agents or to find secondary hosts. Humans also became secondary hosts to many animal diseases. 
Therefore, it is not surprising that over 60% of infectious human diseases today are zoonotic [4]. 

Without underestimating or understating the positive effects of microorganisms, especially in 
production of food, the resulting death toll in human populations far surpasses any other cause of 
human mortality such as war or famine [5]. Besides direct effects on human health and life, animal 
infectious agents, zoonotic or not, can cause death of animals, decline in animal production and 
degradation of the quality of animal products, leading in the end to less available food for humans 
(reduced food security). Animal diseases are also obstacles to international trade of animals and 
animal products, as well as substantial financial burdens to national veterinary and public health 
services and producers/industry. In the wider perspective, this has huge influence on the economy of 
region/countries and, therefore, affects the overall wellbeing of mankind.  

These threats are currently addressed in two ways: in developed countries, activities are focused on 
reducing and controlling animal diseases endangering human health, compromising trade status and 
animal welfare, while in developing countries, the main issues remain increasing animal production in 
order to supply increasing demand for animal protein. In both scenarios, the veterinary profession has 
crucial input with responsibility to provide disease eradication, increasing animal production and 
reducing losses due to diseases.  

 

2.  Zoonoses and foodborne diseases in Europe today 
According to the joint report of the European Food Safety Agency (EFSA) and the European Centre 
for Disease Prevention and Control (ECDC), the most common zoonotic disease in the European 
Union (EU) is campylobacteriosis, followed by salmonellosis, yersiniosis, vero toxic Escherichia coli, 
listeriosis, echinococcosis, Q fewer, brucellosis, West Nile virus disease, tularaemia, trichinellosis, 
tuberculosis (M. bovis) and rabies [6] (Table 1). 
 
Table 1 Reported cases, hospitalisation and fatal outcomes of zoonotic diseases in humans in the 
European Union during 2013 [6] 

Disease Number of 
cases 

Number 
hospitalised 

Fatal outcome 
Number Case fatality rate (%) 

Campylobacteriosis 214,779 11,922 56 0.05 
Salmonellosis 82,694 7,841 59 0.14 
Yersiniosis 6,471 481 2 0.05 
Vero toxic Escherichia coli 6,043 922 13 0.36 
Listeriosis 1,763 735 191 15.6 
Echinococcosis 794 127 2 0.88 
Q fever 648 NA 2 0.61 
Brucellosis 357 139 1 0.99 
Tularaemia 279 39 0 0 
West Nile virus disease 250 52 16 3.4 
Trichinellosis 217 106 1 0.56 
Tuberculosis (M. bovis) 134 -  - - 
Rabies 1 1 1 100 
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The top five diseases from this list are predominantly transmitted to humans through contaminated 

food of animal origin, while the frequency of finding the causative agents in animal population is also 
increasing (i.e. in the same period Campylobacter has been found in 30.4% of animal samples in 
Nordic countries) [7].  

Foodborne diseases and zoonoses have raised awareness and are very important in developed 
countries, which have advanced systems of data gathering, disease surveillance and disease reporting 
both in human and animal populations. Simultaneously in these countries, animal health protection is 
vastly regulated, and technology of animal origin food production incorporates many systems of safety 
and quality assurance (i.e. farm biosafety, good production/management/agricultural practices, 
HACCP and traceability from farm to fork) [8]. 

Health management at the country level (or even at the EU level, represented by the Directorate 
General for Health and Food Safety – DG SANTE of the European Commission) for humans and 
animals is increasingly integrated through the “One Health” approach, which together with oversight 
of the entire food production chain, enables high protection of consumers, early response in case of 
incidents (therefore reducing the potential economic losses) and better access to international markets. 
The achievements of veterinary medicine in laboratory diagnostics, surveillance, food production 
practices and food quality standards had led to beneficial effects on animal health status and improved 
food safety. On the down side, there is reduced interest, justification and available funding for further 
investigation of infectious diseases of food animals [9]. 

The burden of zoonoses and foodborne diseases in developing European countries is much harder 
to assess, due to inadequate disease surveillance systems and less regulated and implemented 
corrective measures to ensure animal health and food safety, with less oversight. Many countries 
report worsening of the animal health and public health situations. However, these observed trends are 
not easy to interpret. Firstly, in many of these countries, animal disease reporting systems are based on 
reporting the absolute frequency (number) of cases or outbreaks (infected households/farms), while 
the population data (denominator) is generally unavailable or unreliable. Secondly, epidemiological 
intelligence campaigns are heavily dependent on current general public/political focus, and due to lack 
of available public funds, are never truly systematic. Monitoring and disease control programs are very 
expensive and technically demanding activities which exceed the competencies, budget capacities and 
public fund management of health services (animal and human) in many developing countries.  

3.  Disease surveillance 
Animal disease is an economic problem with veterinary implications, not a veterinary problem with 
economic implications, because it affects people’s wellbeing. More than anything else, coherent 
disease surveillance and reporting systems have influenced the current difference in health and 
consumer protection status of many EU and other developed countries compared to the rest of the 
world [10]. In contrast to the clinical approach of understanding diseases, the population-based 
approach (epidemiological surveillance) starts with the animal unit, moves to the level of farm, then to 
the local area, the country or region or even the whole world. Animal disease surveillance, according 
to the World Organisation for Animal Health (OIE) (Chapter 1.4. of the Terrestrial manual), is aimed 
at demonstrating the absence of disease or infection, determining the presence or distribution of 
disease or infection or detecting as early as possible exotic or emerging diseases. This is a science-
based tool to monitor disease trends, to facilitate the control of disease or infection, to provide data for 
use in risk analysis for animal or public health purposes, and to substantiate the rationale for sanitary 
measures. 

Together with rapid and dramatic evolvement of health trends in the world, the principles of animal 
disease surveillance have also changed. Due to expansion of international trade and globalisation, 
disease agents are transferred through food, vectors, reservoirs, latent carriers and diseased individuals 
in short times over great distances, potentially able to arrive in our backyard from exotic or far-flung 
destinations with different standards of health protection. At the same time, due to the integration and 
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industrialisation of food production, raw materials originating from around the world are used for 
mass production of food and reach huge numbers of world consumers.  

By exclusion of tariff-based trade barriers (adoption of the World Trade Organisation Agreement 
on the Application of Sanitary and Phytosanitary Measures) and recognition of international standard-
setting bodies (i.e. the OIE for animal health, Codex Alimentarius for food and feed), differences in 
countries’ animal health status (demonstrated through disease surveillance), has been a main pivot 
point for international trade of animals and animal products. Hence, countries that have employed 
scientific solutions and cost-effective decision-making mainly provided by veterinary 
services/professionals not only have disease surveillance systems that enable them to export, but also 
can influence the standard-setting processes at the international level. For example, the currently 
propagated risk-based surveillance applied in demonstrating disease absence enables the garnering of 
sufficient and suitable scientific evidence, similarly to the population-based studies [11]. However, 
with risk-based surveillance, much smaller sample sizes are required (because suitable population 
groups are sampled according to estimation of disease risk), and therefore, costs are much less than 
with the older system [11]. The need to reduce costs is not only due to reduced availability of public 
funding, but also because resources allocated to disease surveillance (preventing losses) have 
opportunity costs, where the benefits can be foregone as a result of allocating them to disease 
mitigation instead of other productive use [10]. 

On the other hand, as is evident by the emergence or re-emergence of many diseases even in 
developed countries, eradication of selected diseases in some areas while elsewhere they still persist, 
and the continuous emergence of new diseases, cannot guarantee permanent epidemiological stability. 
Therefore, it remains for the veterinary services of developing countries to make a progressive leap in 
focusing their disease surveillance strategies on sound epidemiological data and move away from 
improvisation for the benefit of their own national consumers, producers and economies. In addition, 
more interdisciplinary and collaborative efforts and funding are needed to ensure worldwide 
inclusiveness in achieving and upgrading animal health and food safety to international standards. In 
decision-making regarding disease surveillance, balance should be reached between the appropriate 
level of protection and cost-effectiveness. Improvisation in corrective measures is not justified by an 
“anything is better than nothing” approach, because such measures are not only inefficient, but often 
have adverse effects with dramatic consequences on public health and animal production. This can 
lead to the situation whereby eradication of disease becomes unattainable for a very long time [12].  

4.  What is our future role in food related issues? 
Public veterinary services have complex structures and competencies, not only because they are 
already a part of a defined and complex administrative framework, but because of the wide spectrum 
of veterinary activities and responsibilities which are steadily increasing throughout the world. From 
the establishment of the first Veterinary Faculty in 1761, in Lyon (France), the prime role of 
veterinarians for many decades (treating horses) gradually expanded into clinical practice for other 
types of domestic animals as their breeding and their farm exploitation grew in economic importance 
[13].  

At the beginning of the last century, the global commitment to eradicate the frequent diseases of 
animals and people such as rinderpest, foot and mouth disease, tuberculosis and brucellosis, to name 
just a few, initiated development and implementation of national, and partly global, programs for the 
control of these diseases. At the same time, with the development of animal production, the diseases 
(including the cost of treatment) were recognised as a significant burden on profitability, and 
therefore, veterinarians were redirected to the population approach and prevention. Later, commercial 
farms introduced computer programs and modern technology for monitoring animal health and 
production data with a focus on the control and reduction of “production” diseases (such as mastitis, 
reproduction disorders etc.) (14). The highly-contagious animal diseases and zoonoses have been 
eradicated in most of the developed countries, and disease-free status was then maintained by the 
“zero” risk principle (demanding the absolute evidence of non-existence of diseases in the exporting 
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country) in international trade. The private sector interest in preventing the emergence of diseases, as 
well as shifting responsibility and funding for animal health protection and food safety from 
governments to producers, have directly affected the trend (recorded in recent decades) of 
veterinarians orienting towards more profitable jobs (companion animal medicine). At the end of the 
1900s, the veterinary profession was faced with insufficient interest of governments and funds for 
further research into many persistent endemic animal diseases and zoonoses [9], neglecting the role of 
wild animals as reservoirs of disease agents (15), as well as the lack and/or weak development of 
interdisciplinary approaches. Instead, the primary political interest was in preserving the sanitary 
status of states/regions/countries (free of disease) strictly in the interests of economics and trade.  

Shortly after that, the world was faced with old and new health challenges, now with even more 
dramatic consequences. Global trends and events have highlighted the biological, health and economic 
inseparability of the relationships between humans, animals as pets and/or food sources and wildlife 
within the social and ecological framework of living spaces that these species share. Food safety and 
security have become more important than ever in human history, and scientists have identified fully 
some new and extremely influential concerns for which we remain unprepared: overpopulation, 
climate and ecosystem change and urbanisation. However, some other evolving issues, with more 
local/national influence must not be underestimated in the global arena, such as: biosecurity, 
bioterrorism, antimicrobial resistance, animal welfare, increasing volume of international trade and 
influence of media and politics. Concerns in the sphere of food security, besides the formerly defined 
components (availability of food, access to food and for the food to be culturally appropriate) might be 
expanded today to biological and health safety. At first glance, food security appears to be primarily a 
supply-and-demand-related issue. However, new evidence reveals that it is a hybrid of supply, quality 
and health issues as well, so compromised food safety and health is also a food security issue (Table 
2). 
 
Table 2 Review of current and expected challenges and concerns of food veterinarians in the sphere of 
food safety, health and food security  
 
Challenges facing veterinary 
medicine 

Possible consequences Action required and demands 

Overpopulation; 
Climate change and ecosystem; 
Urbanisation; 
Bioterrorism;  
New agents; 
Emerging diseases; 
Fast international spread; 
Antimicrobial resistance; 
Animal welfare; 
Biological and chemical hazards; 
Lack of research funding. 
 

Economical and social 
insecurity; 
Disturbance in food supply; 
International trade; 
Case fatality rate; 
Health vulnerability; 
Lost of public trust. 

Changes in education for food veterinarians; 
One health; 
Interdisciplinary approach; 
Leading role of veterinarians in food 
security; 
New surveillance and survey systems; 
Access to and proper distribution of 
information;  
New biosecurity and biodefense frame. 

 
Besides prediction of new emerging disease agents, for which control approaches have not yet been 

identified or tested, many zoonoses have been relatively well-known (although they can never be fully 
known) and recognised for the last 50 years or more, and they are the subjects of long-term monitoring 
and control programs in public and animal health and food surveillance systems. However, the 
observed trends indicate that even these diseases continue to appear and increase, so therefore, the 
scientific discipline and knowledge expected to support the mitigation and prevention of these 
zoonoses still requires upgrading and further research. Significant improvements in knowledge and 
scientific infrastructure have been made in dealing with health and food safety issues, but clearly, 
health hazards and foodborne illness will not disappear. Obviously, problems related to the occurrence 
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and spread of zoonoses among humans and animals without discrimination occupy both developing 
and developed countries, with subtle diversity of consequences for each society or community. Even 
the most developed countries with advanced surveillance systems grossly under-report cases of 
foodborne illnesses [3].  

In conclusion, zoonoses are still, and will remain, a global health issue, common in their nature 
(animal to human transmission), but not with the same solutions for the poor and the rich, private 
sector (producers) and government, animal health carers and human health providers. The demand for 
better knowledge and more efficient solutions and approaches is intensive and dynamic and today is 
directed by national and global food and health security. Veterinarians are called on and expected to 
offer strategic and operational solutions for assessing risks, analysing challenges and applying 
scientific knowledge. The resulting need for better integration of public health systems, animal and 
plant health protection, food safety and environmental protection, has led to new approaches (One 
Health) and challenges in the organisation and implementation of mitigation measures and 
surveillance. Our role, as veterinarians, is development of the new type of competencies and 
institutions required to deliver the appropriate science and technology, risk-based regulatory 
management and communication policies and practices related to agriculture, animal and public 
health, environment and climate change, wildlife and biodiversity, social and economic development 
and growth.  
 

References 
[1] Caras, R.A.: A perfect harmony: The intertwining lives of animals and humans throughout 

history. Purdue University Press, 1996. 
[2] Barrett, C.B.: Measuring food insecurity. Science 327 (5967): 825-828, 2010 
[3] Havas K., Salman M.: Food security: its components and challenges. Int. J. Food Safety, 

Nutrition and Public Health 4 (1): 4-11, 2011 
[4] Taylor, L.H., Latham S.M., Mark E.J.: Risk factors for human disease emergence. Philosophical 

Transactions of the Royal Society of London B: Biological Sciences 356(1411): 983-989, 
2001 

[5] Wolfe, N.D., Dunavan, C.P., Diamond J.: Origins of major human infectious diseases. Nature 
447(7142): 279-283, 2007 

[6] EFSA/ECDC. The European Union summary report on trends and sources of zoonoses, 
zoonotic agents and food-borne outbreaks in 2013. EFSA Journal 13(1), 2015 

[7] Osimani, A., Aquilanti, L., Pasquini, M., Clementi, F.: Prevalence and risk factors for 
thermotolerant species of Campylobacter in poultry meat at retail in Europe. Poultry Science 
2017 

[8] Unnevehr, L.J., Jensen, H.H.: The economic implications of using HACCP as a food safety 
regulatory standard. Food policy 24(6): 625-635, 1999 

[9] Ducrot C., Bed'hom B., Beringue V., Coulon, J.B., Fourichon, C., Guérin, J.L., Krebs, S., 
Rainard, P., Schwartz-Cornil, I., Torny, D., Vayssier-Taussat, M.: Issues and special features 
of animal health research. Veterinary Research 42(1): 96, 2011 

[10] Howe, K.S., Häsler, B., Stärk K.D.C.: Economic principles for resource allocation decisions at 
national level to mitigate the effects of disease in farm animal populations" Epidemiology & 
Infection 141(1): 91-101, 2013 

[11] Oidtmann B., Peeler E., Lyngstad T., Brun E., Jensen B.B., Stärk K.D.C.: Risk-based methods 
for fish and terrestrial animal disease surveillance. Preventive veterinary medicine112(1): 
13-26, 2013 

[12] Godfroid, J., Al Dahouk, S., Pappas, G., Roth, F., Matope, G., Muma, J., Marcotty, T., Pfeiffer, 
D., Skjerve, E.: A “One Health” surveillance and control of brucellosis in developing 
countries: moving away from improvisation. Comparative immunology, microbiology and 
infectious diseases 36(3): 241-248. 2013 



7

1234567890

59th International Meat Industry Conference MEATCON2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 85 (2017) 012004    doi   :10.1088/1755-1315/85/1/012004

 
 
 
 
 
 

[13] Zinsstag, J., Schelling, E., Waltner-Toews, D., Tanner, M.: From “one medicine” to “one 
health” and systemic approaches to health and well-being. Preventive veterinary medicine 
101(3):148-156. 2011 

[14] Morris, R. S.: The application of economics in animal health programmes: a practical guide." 
Revue scientifique et technique-Office international des épizooties 18: 305-314, 1999 

[15] Travis, D.A., Watson, R.P., Tauer, A.: The spread of pathogens through trade in wildlife. Revue 
Scientifique et Technique-OIE 30(1): 219, 2011 



1

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

1234567890

59th International Meat Industry Conference MEATCON2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 85 (2017) 012005    doi   :10.1088/1755-1315/85/1/012005

 
 
 
 
 
 

Toxoplasmosis as a food-borne infection 

O Đurković-Đaković 
 
National Reference Laboratory for Toxoplasmosis, Center of Excellence for Food- 
and Vector-Borne Zoonoses, Institute for Medical Research, University of Belgrade, 
Serbia 

 

E-mail: olgicadj@imi.bg.ac.rs  

Abstract. Toxoplasma gondii is a globally distributed parasite that infects all mammals, 
including one third of the world population. Long known to cause disease in the developing 
foetus and in immunosuppressed individuals, a body of data that has emerged in the past 
decades suggests its role in human pathology may be even more important. The WHO and 
FAO have recently established toxoplasmosis as a foodborne infection of global concern, with 
a disease burden the greatest of all parasitic infections. Transmission of toxoplasmosis occurs 
by ingesting tissue cysts from undercooked meat and meat products, and oocysts from the 
environment with contaminated fresh produce or water. This review provides an update on the 
current understanding of toxoplasmosis, focusing on the risk of infection from food of animal 
origin, with particular reference to the risk in Serbia and the region of South-East Europe. 

1. Introduction 
Known for over a century, Toxoplasma gondii is considered one of the most successful parasites on 
Earth due to its omnipresence and widest array of hosts, including all mammals. 

Domestic cats or other Felidae are the definitive host of the Toxoplasma gondii parasite, in whose 
intestines the sexual cycle takes place, and they are the primary source of infection for all animals 
including humans, by contaminating the environment with oocysts excreted in the faeces. Herbivores 
are infected by ingestion of food and water contaminated by oocysts, and carnivores by eating tissue 
cysts present in the flesh of infected animals. Humans (and other omnivores) can be infected both 
ways, by food contaminated with oocysts (improperly washed vegetables or fruits), contaminated 
water or hands, and by eating improperly processed or raw meat of infected animals.  

Human infection is widespread; it has been estimated that one third of the global population is 
infected [1]. Infection is generally mild and self-limiting in the immunocompetent host, and according 
to the classical understanding, of no further concern. Once infected, the parasite is thought to persist 
for the lifetime of its host, under control by the host immune response. This explains the vulnerability 
of population categories with an incompetent immune system, including the unborn baby and 
immunosuppressed individuals, to serious, even life-threatening Toxoplasma-induced disease. 
Congenital toxoplasmosis (CT), for which preventive strategies have long been implemented, is quite 
rare, but the population of immunosuppressed individuals is increasing, with the AIDS pandemic, and 
with the advance in transplantation medicine, which depends on immunosuppressive treatment to 
avoid graft rejection. In this context, it is important that treatment options have not advanced much for 
decades and there is still no drug able to eliminate encysted parasite.  
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A body of data has emerged in recent decades, however, which sheds different light on some 
existing concepts. The concept that T. gondii infections are mostly subclinical has been challenged by 
a current intriguing line of research on the potential role of toxoplasmosis in the pathogenesis of 
neurologic and psychiatric diseases, including schizophrenia, Parkinson’s disease and depression [2]. 
Others stem from the insight into the molecular epidemiology of T. gondii infection. 

The WHO and FAO have recently established toxoplasmosis as a foodborne infection of global 
concern, with a disease burden, similar to that of salmonellosis and campylobacteriosis, the greatest of 
all parasitic infections [3]. This has naturally renewed the interest in this zoonosis, particularly from 
the aspect of food safety, and calls for new strategic approaches in both management and prevention. 

This paper reviews the novel understanding of T. gondii infection, focusing on the risk of infection 
from food of animal origin, particularly in the region of South East Europe (SEE). 

2. T. gondii population structure and implications 
The T. gondii genus comprises a single species infective for all hosts, with limited genetic diversity 
characterised by clonal lineages designated as types I, II and III predominating in Europe and North 
America (and a fourth one in the latter), and by a higher frequency of non-clonal, atypical strains in 
sub-tropical and tropical countries, and a wider genetic diversity characterised by non-clonal, atypical 
strains in South America and Africa. The diversity encountered in the tropical and subtropical areas 
has been associated with the presence of diverse Felidae in which sexual reproduction, and 
consequentially, genetic recombinations, occur [4].  

Insight into the T. gondii population structure may have huge implications on our understanding of 
this infection. Differences in infecting genotype have been related to the clinical presentation. Atypical 
strains have been associated with more severe ocular toxoplasmosis, atypical presentations and even 
life-threatening disease in both immunocompetent and immunosuppressed individuals. The concept of 
only primary maternal infection during pregnancy being a risk for foetal infection has been challenged 
by cases of CT in babies born to immunised mothers, re-infected with atypical strains [5]. 

This, along with the widely varying geographically-dependent prevalence of infection and the 
geographic differences in the T. gondii population structure, determines toxoplasmosis as a travel risk 
[6]. Moreover, globalisation of food, including importation of meats from areas of a highly divergent 
population structure, may also present a risk factor for severe infections.  

3. Toxoplasmosis as a food-borne infection 

3.1. Basic epidemiology of human toxoplasmosis  
Transmission of toxoplasmosis occurs by ingesting tissue cysts from undercooked meat and meat 
products, and oocysts from the environment along with contaminated fresh produce or water.  

Notably, there has been a decreasing trend of T. gondii infection prevalence over the last 30 years 
across Europe [7]. The same has been noted in SEE. Continuous monitoring of the prevalence of T. 
gondii infection in women of childbearing age in Slovenia, Serbia and Greece has shown a significant 
decrease in the infection prevalence since the eighties onwards [rev. In 8]. The largest decrease, from 
86% in 1988 to 31% in 2007 and beyond, was noted in Serbia. 

Many factors may have contributed to such a change, including increased public awareness as a 
result of health education, better hygiene on livestock farms, and more frequent use of frozen meat 
(freezers now present in most households). 

Importantly, consumption of undercooked or insufficiently cured meat has repeatedly been shown 
to be a major risk factor for human infection with T. gondii [9]. 

 
3.2. Toxoplasmosis in meat animals in SEE 
A major reason for the control of T. gondii infection in meat animals is the reduction of the reservoir 
of human infection. Accordingly, the meat route has been intensively explored, in parallel with the 
development of serological and molecular tools that allowed for the analysis of meat/meat products.  
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Earlier serological investigations of various animal species in SEE countries were generally carried 
out in limited samples sizes and using different and non-standardised methodologies. Thus, only 
studies in the last 20 years are referred to here.  

In Serbia, the first nation-wide cross-sectional survey on the seroprevalence of T. gondii infection 
in cattle, sheep and pigs carried out in 2002/2003 showed a seroprevalence of 76.3% in cattle, 84.5% 
in sheep and 28.9% in pigs [10]. The antibody levels ranged from 1:25 to 1:400 in cattle, and up to 
1:25,600 in sheep and to 1:12,800 in pigs. Among the seropositive animals, the proportion of high 
antibody levels (≥1:1600), suggestive of acute infection, and indicating continuous presence of 
infection reservoirs in the environment, was 10% in sheep, and 4% in pigs. 

Risk factors for cattle were small herd size and farm location in Western Serbia, while housing in 
stables with access to outside pens was protective. In sheep, an increased risk of infection was found 
in ewes from state-owned flocks vs. Private flocks, and, interestingly, also in those from Western 
Serbia. In pigs, the risk of infection was highly increased in adult animals, as well as in those from 
finishing type farms.  

Despite the high prevalence of 85% in sheep of which 10% had high antibody levels suggestive of 
acute infection, correlation with ovine abortions could not be established, since aetiological laboratory 
diagnosis of ovine abortions in Serbia does not include diagnosis of T. gondii.  

An outbreak of toxoplasmosis in sheep has recently been reported; massive abortions (60%) 
occurred in a flock of 500 dairy sheep in Northern Greece at 110-130 days of pregnancy, diagnosed 
upon observation of tissue cysts in brain smears of aborted foetuses, and by serological (ELISA) 
examinations of mother and foetal serum samples. The abortion rate declined immediately upon 
instituting sulphadimidine therapy [11]. 

Another study showed a high prevalence of 74.7% in goats in Serbia as well [12], higher than in 
Greece (62.9%), Bulgaria (59.8%) and very markedly so than in Croatia – 8.4% [13]. 

A later study on T. gondii infection in slaughter pigs in Serbia [14], showed, however, a three-fold 
lower prevalence of 9.2% in a total of 488 swine from abattoirs in the vicinity of Belgrade. This 
difference was largely attributed to the difference in the studied samples since the latter research 
consisted of a large majority (96%) of market-weight pigs, which generally have a much lower 
prevalence than adult pigs. Similarly to the 2006 study, risk factors for infection in slaughter pigs 
included age and farm type, with a 41-fold higher likelihood of infection in adult vs. Market-weight 
pigs, and a 15-fold higher likelihood of infection in pigs of all ages from smallholders’ finishing type 
farms vs. Those from farrow-to-finish intensive farms. It was proposed that a national strategy to 
reduce the level of T. gondii infection in pigs should include a shift towards the development of more 
farrow-to-finish farms, as well as vigilance in farm management and implementation of zoo-hygienic 
measures at finishing farms. Damriyasa et al. [15] stated that T. gondii seropositivity is an indicator of 
the hygienic status of the pig farm. In the 2011 study [14], the demonstration of viable Toxoplasma in 
blood samples of seropositive swine indicated that slaughtering took place during parasitaemia, which 
suggests frequent swine reinfections. The study concluded that swine meat is a significant potential 
risk for human Toxoplasma infection, but that the risk cannot be predicted on the basis of specific 
antibody level in the pigs. 

On the other hand, the modern approach in farm management to provide for the welfare of the 
animals as well as organic food for human consumption is to develop animal-friendly (organic) farms. 
According to experience from the Netherlands [16], development of such farms can result in an 
increase in T. gondii infection. Nevertheless, a report from organic sheep and goat farms in Greece 
[17] showed similar prevalence rates to those in animals from conventionally managed farms [18]. 

Cattle are generally thought not to be significant in this context [19]. However, beef is often 
consumed undercooked (rare beef steaks, roast beef, steak tartar), and at least one outbreak of 
toxoplasmosis whose source was raw beef has been documented [20]. In addition, one out of four beef 
samples randomly chosen from UK retail outlets tested positive for T. gondii by PCR [21]. These 
facts, along with the circumstantial evidence provided by the high prevalence of cattle infection of 
92% in Italy and 69% in France [22], and in Serbia, countries in which human infection is highly 
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prevalent as well, all suggest a role for cattle as a T. gondii reservoir for human infection. In addition, 
Bobić et al. [9] have demonstrated that among all the meat consumed, undercooked beef presents the 
highest risk for human infection in Serbia. Similarly, although Opsteegh et al. [23] did not establish a 
correlation between seropositivity and the detection of parasites in cattle, a study in which the relative 
contribution of sheep, beef and pork products to human T. gondii infection in the Netherlands was 
quantified (by Quantitative Microbial Risk Assessment), showed that beef is indeed an important 
source even if the seroprevalence in cattle is low [24]. 

On the other hand, according to official statistical reports (RZS, 2006–2010), pork comprises 
approximately 50% of all meat consumed in Serbia. Thus, although pigs were the least infected of the 
examined species, and given the findings that the prevalence increases with age and reaches 41% in 
sows [10], pork consumption could significantly contribute to human infection. When used for 
cooking, pork is generally properly thermally processed, but in most of the SEE countries’ traditions, 
mature pork is also highly valued for making delicatessen meat products. Raw or improperly cured 
sausages and ham are the source of small (family) epidemics of trichinellosis which, in spite of 
mandatory meat examination for Trichinella spiralis, occasionally occur in Serbia [25], and thus are a 
quite plausible source of human T. gondii infection too.  

Horsemeat, on the other hand, is typically consumed rare or undercooked. In horses, which 
generally have lower seroprevalence values than small ruminants [26], a prevalence of only 1.7% has 
been determined in Greece [27]. However, a study which included 105 horses from all regions of 
Serbia slaughtered at two abattoirs between 2013 and 2015 showed a seropositivity of 48.6% at the 1:6 
MAT cut-off, but of only 12.4% at the standard 1:25 cut-off. Importantly, viable parasites were 
isolated from two grade type mares; according to microsatellite genotyping, both isolates were type 
III, of which one was similar to a strain isolated from a duck in Iran, and the other one was identical in 
all markers to three strains isolated from a goat from Gabon, a sheep from France and a pig from 
Portugal. Interestingly, one of the source horses was seronegative, the other weakly positive. The 
isolation of viable T. gondii parasites from slaughter horses points to horsemeat as a potential source 
of human infection, but the fact that viable parasites were isolated from horses with only a serological 
trace of T. gondii infection presents further evidence that serology may not be adequate to assess the 
risk of toxoplasmosis from horsemeat consumption.  

For most meat animals, there is no visible reduction in T. gondii prevalence, as opposed to the 
decreasing trend in humans (explained, among other reasons, by increased frozen meat use and better 
farm management). Farming practices and level of environmental contamination have not changed 
much, and except for the intensive pig farms in which a major reduction in T. gondii prevalence has 
occurred, a decline in T. gondii prevalence in meat animals is yet to be achieved. Moreover, for strictly 
herbivorous species that require outdoor access, this is probably impossible [28]. 

Ubiquitous contamination of the environment is also shown by the presence of T. gondii in both 
farm and urban rodents, pigeons and dogs [rev. In 13]. As long as there is such widespread 
environmental contamination in SEE, a decrease of T. gondii prevalence in meat animals may hardly 
be expected in the absence of energetic and systematic prevention measures throughout the region. 

3.3. Food-borne is not only meat-borne: other food sources 
In contrast to the availability of various serological and molecular tools which have allowed study of 
the T. gondii transmission meat route, it is precisely the lack of such tools that has left the oocyst stage 
much less studied, and until recently, it was virtually impossible to distinguish if a case of 
toxoplasmosis was caused by the tissue cyst or the oocyst. Several lines of evidence have linked 
oocyst infection to cases of acute toxoplasmosis, including hydric epidemics, case-control studies 
which showed consumption of fresh produce as an infection risk factor, and experimental studies 
showing the adherence of oocysts to fruits such as berries that produced infection in mice, (although 
the latter has yet to be confirmed in natural settings). A recently developed sporocyst-specific antibody 
test enabled clinical studies to be carried out, which showed that 43% of infections in pregnant women 
in Chile and 78% in mothers giving birth to congenitally infected children in the USA were caused by 
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oocysts [29], but this has not been studied extensively, nor is such an antibody commercially available. 
Importantly, oocyst-induced infections appear to be clinically more serious than those caused by tissue 
cysts, and in fact, most often induce clinical infection.  

Oocyst sources for human infection include soil and water, directly or indirectly through 
contamination of produce. Additional sources increasingly gaining importance include marine 
mammals, as well as filter-feeding invertebrates such as mussels and oysters, that do not get infected 
but can concentrate viable oocysts and serve as an infection reservoir for marine predators and 
humans. Continuous climate and man-made environmental changes favour an increase in oocyst-
induced infections in both humans and animals, calling for the development of commercial 
technologies to detect oocysts in produce as well as for strategies for large-scale detection of oocysts 
in terrestrial and aquatic environments. 

4. Conclusions 
Strategies for the prevention of toxoplasmosis generally target only CT, and even their 
implementation, although clearly diminishing the incidence, has not eradicated CT. In addition, in the 
light of the new understanding of T. gondii infection, there may be additional risks calling for 
prevention of toxoplasmosis in other population categories. This clearly shows that new, 
comprehensive prevention strategies are needed, based on accurate and validated data on: (1) the 
routes and risk factors for human infection at the local level, which would allow for more efficient 
health education; (2) routes and risk factors for meat animal infection to diminish infection reservoirs, 
and; (3) environmental contamination. Such a complex task may best be accomplished within the One 
Health concept, with physicians, veterinarians, food technologists and ecologists acting in concert to 
prevent this important zoonosis. 
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Abstract. Proteomic technologies have proven to be very effective for detecting biochemical 
changes in meat products, such as changes in tissue- and species-specific proteins. In the 
tissues of cattle, pig, horse and camel M. longissimus dorsi both tissue- and species specific 
proteins were detected using two dimensional electrophoresis. Species-specific isoforms of 
several muscle proteins were also identified. The identified and described proteins of cattle, 
pig, horse and camel skeletal muscles (including mass spectra of the tryptic peptides) were 
added to the national free access database “Muscle organ proteomics”. This research has 
enabled the development of new highly sensitive technologies for meat product quality control 
against food fraud. 

1.Introduction  
The aim of proteomics is identification of all proteins, their biological activity, post-translation 
modifications and interactions in a cell, as well as identification of changes in the proteome as a 
response to changed biological conditions. The typical workflow in proteomics includes protein 
extraction and separation, protein and peptide identification and data analysis. The most common 
method used for detection of proteins or peptides in proteomics is mass-spectrometry. This strategy 
has multiple applications including for meat science research; however, it is limited by huge 
biochemical heterogeneity of proteins and inability to precisely detect low-abundance proteins. 

In recent decades, the scientific community witnessed the rapid development and improvement of 
“-omic” methods with high throughput. The development of these methods has also changed the 
experimental approaches in food science [1,2]. 

In life sciences, including agriculture, food and animal sciences, the use of proteomics is a great 
step forward both for safe and high quality food production and improvement of animal husbandry and 
sustainability. The meat composition, sensory characteristics and nutritional value are important 
characteristicsto determine meat quality and consumer acceptability. Meat quality is closely linked 
with biological peculiarities of an animal. Obviously meat quality characteristics (like tenderness, 
water binding capacity, nutrient composition, autolytic changes etc.) are complex and multicomponent 
systems. Their detailed description would provide the next step toward understanding processes that 
cause changes in their characteristics and subsequent meat quality management [3,4,5].Proteomics is a 
prospective approach to studying mechanisms that are the basis for various meat quality traits.  

http://creativecommons.org/licenses/by/3.0
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At present, several methods based on identification of species-specific DNA (different variations of 
polymerase chain reaction) as well as the alternative method of enzyme-linked immunosorbent assay 
(ELISA) based on the specific reaction antigen-antibody are used in the laboratory analysis of meat 
and meat-based products. Despite all their advantages, these methods have several significant 
drawbacks. A large part of Brucellosis, one of the most widespread zoonosis, is a contagious chained 
disease affecting a great number of animals and, in a smaller proportion, people [10, 22]. In the 
animals, this disease is usually manifested as either chronic or latent infection. Causal agents of the 
infection are bacteria from Brucella genus which can have different virulence and host affinities. 

The appearance of brucellosis in human population is closely related to its incidence in animal 
populations, and this correlation is the only way that the disease can be observed, studied and 
controlled. Humans are most commonly affected by consuming either meat or dairy such as milk or 
young cheese produced from uncooked goat or sheep milk. Transmission of brucellosis from animal to 
human occurs through the air or via skin wounds. People working in the higher risk professions, such 
as the farming or meat industry as well as the veterinary or lab professionals, show higher incidence 
rate [8, 18]. An estimate of a half of a million people per year seeking medical attention due to 
brucellosis has been given by World Health Organisation (WHO), although it is believed that the 
number of affected people is up to 25 times greater.  

Brucellosis, although in many countries controlled or completely eradicated, remains great health 
and economic problem. This is especially true in the regions in which highly contagious Brucella 
melitensis, causing disease in sheep, goats, and humans. 
studies in proteomics is performed using two-dimensional electrophoresis (2DЕ). The Brucellosis, one 
of the most widespread zoonosis, is a contagious chained disease affecting a great number of animals 
and, in a smaller proportion, people [10, 22]. In the animals, this disease is usually manifested as either 
chronic or latent infection. Causal agents of the infection are bacteria from Brucella genus which can 
have different virulence and host affinities. 
The appearance of brucellosis in human population is closely related to its incidence in animal 
populations, and this correlation is the only way that the disease can be observed, studied and 
controlled. Humans are most commonly affected by consuming either meat or dairy such as milk or 
young cheese produced from uncooked goat or sheep milk. Transmission of brucellosis from animal to 
human occurs through the air or via skin wounds. People working in the higher risk professions, such 
as the farming or meat industry as well as the veterinary or lab professionals, show higher incidence 
rate [8, 18].  

An estimate of a half of a million people per year seeking medical attention due to brucellosis has 
been given by World Health Organisation (WHO), although it is believed that the number of affected 
people is up to 25 times greater. 

Brucellosis, although in many countries controlled or completely eradicated, remains great health 
and economic problem. This is especially true in the regions in which highly contagious Brucella 
melitensis, causing disease in sheep, goats, and humans. Combination of high-performance liquid 
chromatography (HPLC) and tandem mass-spectrometry is also a very promising approach to animal 
protein analysis.  

The aim of this research was to identify potential biomarkers of meat (beef, pork, horse and camel 
meat) species-and tissue- specificity based on the proteomic profiles of their skeletal muscles. 

2. Materials and methods 
The following muscle types and animal specieswere used in the research:  

cattle (Bos taurus) m. Longissimus dorsi (ООО КRRОS, Moscow region); 
pig (Sus scrofa) m. Longissimus dorsi (ООО Velcom, Moscow region); 
horse (Equus caballus) m. Longissimus dorsi (MPZSafa, Moscow region); 
camel (Camelus bactrianus) m. Longissimus dorsi (Almaty Technological University). 
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The 2DE by O’Farrell with isoelectrofocusing in ampholine (IEF-PAGE) or immobiline (IPG-
PAGE) pH gradients was used as the main proteomic technology; the following protein detection was 
carried out by staining with Coomassie R-250. 

For 2DE, 100 mg of a mixed musclewas homogenized in the Teflon-glass system in 2 ml of the 
lysing solution: 9 M urea, 5% mercaptoethanol, 2% triton X-100, 2% ampholines with рH 3.5-10 
(IEF-PAGE). Homogenate was then clarified by centrifugation at 800 g for 5 min and the supernatant 
withsolubilized proteins (theextract) was used for separation. In the immobiline pH gradient (IPG-
PAGE), the lysing solution with 9 M urea, 4% CHAPS, 2% ampholines with рH 3.5-10 and 0.6% 
dithiothreitol was used. 

Protein identification was performed after tryptic proteolysis by MALDI-TOF MS and MS/MS 
mass-spectrometry using a MALDI-TOF mass-spectrometer Ultraflex (Bruker, Germany) with UV-
laser (336 nm) in the positive ion mode and a mass range of 500-8000 Da with their calibration 
according to the known trypsin autolysis peaks. 

The mass-spectra of tryptic peptideswere analyzed by theMascot software, Peptide Fingerprint 
option (Matrix Science, USA) with accuracy of МН+ mass detection of 0.01%,with the useof the 
database of the National Center for Biotechnology Information (NCBI). 

3. Results and discussion  
Up to 170 protein fractions were obtained and over 120 proteins were identified (table 1 and figure 1). 

 
Table 1. Number of identified proteins extracted from cattle,pig, 

horse and camel m.Longissimus dorsi. 
 Detected proteins Identified  

proteins 
cattle 115 51 
pig 145 108 
horse 130 61 
camel 170 114 

 
А. Pig Sus scrofa B. Cattle Bos taurus 

ТПМ  

МЛЦ 
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C. Horse Equus caballus D. Camel Camelus bactrianus 

Figure 1. Proteomic maps of m. Longissimus dorsi of pigs (А), cattle (B), horses (С) and camels 
(D). Staining with Coomassie R-250. Arrows and numbers (1-61; 1-55;1-51) indicate fractions 

identified by MALDI-TOF MS (see the information module “Skeletal muscle proteins” in the free-
access database “Muscle organ proteomics”,http://mp.inbi.ras.ru).ТПМ – tropomyosin; МЛЦ – 

myosin light chains; ТнТ – troponin T; А/Д – actin- desmin. 

 
Among 108 totally identified protein fractions on the two-dimensional electrophoregrams of 

porcine skeletal muscles, 18 were isoforms of different troponin proteins known as strictly specific for 
the mammalian muscle tissues [6]. Among these proteins, eight were characterized as products of 
TNNT1 gene expression, seven as products of TNNT3 gene, and three as products of TNNI2 gene. 

Information on proteomic studies of pig troponins is still very limited. In the pig (Sus scrofa) 
genome, eight genes encoding different troponinshave been found to date. 

In the analyzed muscles, three protein products of genes encoding troponins I(No. 84, 94 and 95) 
were identified in addition to troponins T. Two of them (No. 101 and 102) corresponded to transcript 
73853890 / Q4JH15 (gene TNNI2), and the third one to transcript 47522664 / B3VFA9 (gene 
TNNI1). 

As a result,this researchestablished that there are three genes encoding troponins T (TNNT1, 
TNNT2, TNNT3), three genes for troponins I (TNNI1, TNNI2, TNNI3) and two genes for troponins C 
(TNNC1, TNNC2) in the pig genome. 

Two protein fractions (No. 68 and 79) identified as protein products of the porcine TNNT3 gene 
corresponded to transcript 55741811 / Q75NG9, and no special information in the NCBI and UniProt 
databases was found. Taking into consideration the experimentally determined pI value, these 
fractions were named astroponin T fast skeletal muscle acidic (fTnt-a) and troponin T fast skeletal 
muscle neutral (fTnt-n).Ozgur Ogut et al., while examining chicken (Gallus domesticus) muscle, 
assumed that both acidic and basic TnT isoforms would modulate the Ca 2+ sensitivity of muscle 
contraction [7]. 

Proteins specific to muscle type were also found. For example, pig muscle contained pig Troponin 
I, fast skeletal muscle, (TNNI2) TNNI2 with Mm/pI 21.1/9.00 and pig Troponin I, slow skeletal 
muscle, isoform TnI-S4 (TNNI1) TNNI1 with Mm/pI 23.0/9.50 (positions 101and 102 in figure 
1A,respectively). 

Protein No 13 is of special interest to us. It wasidentified by Mascot program as a hypothetical 
protein containing a crystalline domain – a product of a gene from locus LOC494560 (protein 
sequence coverage 77%, score – 371, taking into account the MS/MS results). Therefore, this is first 

МЛЦ 

ТПМ  

МЛЦ 

ТПМ  
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real evidence of a protein product that corresponds to the predicted hypothetical protein. We regard 
this significant resultas a certain contribution to the full annotation of the Sus scrofa genome. 

Among the identified major bovine muscle proteins (figure 1B), nine (No. 6-10, 15, 16, 18 and 48) 
were the products of the TNNT3 gene. At the same time, the multiplicity of fast Troponin T 
isoformswas revealed, which was also noted by other authors [8,9]. 

This research into the horse meat proteome led, in general, to identification of 61 protein fractions 
(figure 1 C). New direct data was obtained regarding equine proteins, theexistence of which was 
earlier only predicted [10].Of particular interest among the identified horse meat proteins is protein 
Dj-1 (Figure 1 С No 54). This protein is known to protect human cells from oxidative stress and 
prevents the development of apoptosis, while mutations in the gene encoding Dj-1 are a cause of 
several forms of Parkinsonism (see Q99497 UniProt). The obtained data can be considered an indirect 
confirmation of the hypoallergenic properties of horse meat.  

Although among the identified proteins were, for example, myosin light chains, which are 
important components of the main muscle engine – the actomyosin complex – direct studies of even 
major horse skeletal muscle proteins appears to be extremely limited. For instance in the PubMed 
database only one studywas found that reported the myosin light chain 3 detected in the biopsies of the 
horse muscle using proteomic technique [11].Thus,the results obtained  in our study can be considered 
novel. 

When studying the camel proteome (figure 1D), in 16 identified protein fractions, different types of 
post-translational modifications were found. Among them were acetylation of N-terminal amino acids 
[+Acetyl (Protein N-term)], phosphorylation ofserine and threonine residues [+Phospho (ST)] and 
others not discussed herein. Y. Zahedi et al. identified two full-length slow TnT and one 
fragmentoffast TnT in camel [12].As a result of our research, 18 camel mitochondrial proteins were 
identified. This result is of a significant interest, as direct data on these proteins are unavailable.  

In addition to protein polymorphism analysis and other basicresearch in the field of muscular 
biochemistry, the proteomic strategies are challenging new applications in applied science, from 
protein biomarkers and pharmacological targets to developing food quality and composition control 
methods [13,14]. 

As a result of identification in the current study, typicalmammalian muscle tissue proteins were 
revealed. These proteins are not species-specific, for example, tropomyosins (see table 2) with regard 
to tropomyosin β-chain (ТРМ2) with the following sequence of amino acids: 
0001MDAIKKKMQM LKLDKENAID RAEQAEADKK QAEDRCKQLE EEQQALQKKL 
0051KGTEDEVEKY SESVKDAQEK LEQAEKKATD AEADVASLNR RIQLVEEELD 
0101RAQERLATAL QKLEEAEKAA DESERGLKVI ENRAMKDEEK MELQEMQEMQ 
0151LKEAKHIAED SDRKYEEVAR KLVILEGELE RSEERAEVAE SRARQLEEEL 
0201RTMDQALKSL MASEEEYSTK EDKYEEEIKL LEEKLKEAET RAEFAERSVA 
0251KLEKTIDDLE ETLASAKEEN VEIHQTLDQT LLELNNL 
 

Table 2. Comparative data on identification of tissue-specific β- 
Tropomyosin (ТРМ2)of cattle, pig, camel and horse skeletal muscles. 

Animal species Number of 
amino acid 

residues  

Mm pI Match, %  

Sus scrofa 287 33.5 4.80 29.0 
Bos Taurus 284 32.8 4.66 89.0 
Equus caballus 284 32.8 4.66 64.0 
Camelus bactrianus 284 33.0 4.66 85.0 

 

 
By analyzing the proteomic profiles, we revealed several proteins that could be suitable as markers 

of mammalian muscle tissue. Among them are β-enolase, myosin light chain, troponin I, 5-
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triosephosphate isomerase. A search for other protein biomarkers is being carried out. A necessary 
prerequisite for determination of these markers is protein thermal stability. It can be of scientific 
interest to study fast myosin behavior during thermal and other types of meat processing, since 
according to Guerrero, M. et al., fast myosin is an exceptional marker for skeletal muscles [15].The 
high sensitivity of the protein separation by 2DE makes it possible to identify theanimal species origin 
of these marker proteins (figure 2). 

 

 
Figure 2.Two-dimensional electrophoregrams with species-specific proteins, Coomassie 250 

stain. 

 
Species-specific differences in the electrophoretic mobility of myoglobins as well as troponins, β-

enolase isoforms and myosin light chain isoforms was evident when using 2DEto examine beef and 
pork muscle, as shown in figure 2.  

The results of some species-specific muscle protein identification are presented in table 3. 
 

Table 3. Skeletal muscle proteins identified by mass-spectrometry (MALDI-TOF MS and 
MS/MS) methods. 

Protein(name in NCBI) / gene symbol Species Мм/pI 
 
Troponin T fast skeletal muscle type 
(TNNT3)/ fTnT3/17 

Bos taurus 32.0/8.60 
Suss scrofa 34.0/8.65 
Equus caballus 32.0/9.10 
Camelus bactrianus 31.5/10.20 

   
 
Myosin light chain 1/3, skeletal 

Bos taurus 21.5/5.10 
Sus scrofa 21.0/4.90 
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muscle isoform (MLC1)/MYL1 Equus caballus 20.0/5.15 
Camelus bactrianus 22.0/5.40 

 
4. Conclusion 
The results of the presented proteomic analysis have opened the way to the development of new highly 
sensitive technologies for meat product quality control, based on the analysis of species-specific 
isoforms of several muscle proteins.  

Proteins that can be considered as markers of the presence of mammalian muscle tissue in meat 
products were identified. The information obtained will aid in quantifying the proportion of muscle 
tissue in meat products, including emulsified and heat-treated products. 

Proteins of the contractile actomyosin complex (myosin light chains, tropomyosins, troponins) and 
enzymes participating in numerous interdependent carbohydrate metabolic pathways (glyceraldehyde 
3-phosphate dehydrogenase, β-enolase) were chosen as the most informative proteins in terms of 
species specificity. In addition, α- and β-hemoglobins were added to the list as highly species-specific 
proteins for horse and camel meat. 

The identified and described proteinsofcattle, pig, horse and camel skeletal muscles (including 
mass spectra of the tryptic peptides)were added to the national free access database “Muscle organ 
proteomics” (http://mp.inbi.ras.ru). Information modules: Proteins of porcine skeletal muscle (Sus 
scrofa), Proteins of bovine skeletal muscle (Bos taurus), Proteins of horse skeletal muscle (Equus 
caballus) and Proteins of camel skeletal muscles Camelus bactrianus) within the database were 
constructed. 
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Abstract. This study was carried out to examine the reddening of meat products due to the 
addition of natural yellow salt (YS) and carbon monoxide (CO). Following YS or NaCl 
addition at 2% to pork subsequent to nitrite (0~100 ppm) treatment, color development due to 
this addition was analyzed visually. Heme pigment content in the meat was also determined 
spectrophotometrically. YS was found to bring about greater reddening than NaCl, indicating 
residual nitrite and nitrate content to be significantly higher in meat containing YS, through the 
amount of either was quite small. The amount of nitrite required for a red color to develop was 
noted to vary significantly from one meat product to another. CO treatment of pork caused the 
formation of carboxy myoglobin (COMb) with consequent reddening of the meat. COMb was 
shown to be heat-stable and form stably at pH 5.0 to ~8.0 and to be extractable with water, but 
was barely extractable at all with acetone. Nitric oxide was found to have greater affinity 
toward myoglobin (Mb) than CO. Nitrosyl Mb was noted to be stable in all meat products 
examined. CO was seen to be capable of controlling the extent of lipid oxidation.  

1.  Introduction 
The purchase of meat products is initially based on color prior to any assessment of parameters such as 
odor, taste or texture. Meat color is the primary determinant of any decision to purchase a meat 
product. Color developing agents such as nitrite and nitrate have been found quite useful but food 
safety considerations limit the extent of their usage.  

In recent years, attention has come to be increasingly directed to food safety in response to 
consumer demands in this regard. Accordingly, techniques for effectively enhancing the red color of 
meat products through the least possible use of nitrite and nitrate, but with usage of naturally occurring 
ingredients, have thus become modern day focal points of emphasis [1,2]. As substitutes for curing 
agents, natural mineral substances are being avidly examined for potential application, both in Japan 
and foreign countries. The findings should prove valuable for enhancing and maintaining good food 
appearance as well as being in the best interests of human health.   

However, unexpected reddening and discoloration problems have recently been pointed out and 
effective solutions must be found. The reddening effect of Himalayan rock salt on meat products was 
previously reported [3]. In uncured meat products, carboxy myoglobin (COMb) can be considered a 
major reason for unexpected meat reddening. Carbon monoxide (CO) binds strongly to myoglobin 
(Mb) to form COMb, which shows a stable bright red color. The addition of CO to food is prohibited 
by law in Japan, though in foreign countries, this compound is applied as a gas in food packing, and its 
use in meat products is being carefully examined [4]. Should CO be capable of lowering nitrite content 
in meat, its use should not meet with any consumer objections.  

http://creativecommons.org/licenses/by/3.0
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Natural salts, particularly those in Himalayan rock salts, should prove favorable candidates for 
reddening of meat products, since they contain nitrite along with nitrate in only small amounts, plus 
minerals. Yellow salt (YS) from Himalayan products was, therefore, examined in this study for its 
capacity to bring about a red coloration in meat products and the results were compared with those for 
ordinary cooking salts. 

Additionally, the characteristics of CO, such as its strong binding to Mb, leading to an attractive red 
meat color, were also investigated in this study. A comparison was made of parameters such as heat 
stability, extractability and formation of COMb at different pHs. Mb derivatives were then 
investigated spectrophotometrically subsequent to CO flushing into nitrosylmyoglobin (NOMb). The 
antioxidative effects of CO on meat were also examined.  

2.  Materials and methods 
2.1.  Natural salts experiment  
Meat taken from pig leg was depleted as much as possible of its fat and connective tissue and then 
minced. YS or NaCl was added at 2% to each meat sample, along with 0.1% sodium ascorbate and 
NaNO2 in the concentration range: 0, 10, 30, 50 or 100 ppm. After 4 days storage at 4°C under 
anaerobic conditions, the mince samples were cooked at 75ºC for 30 min. After sample cooling, color 
was assessed visually and then with a spectral colorimeter.  

The color forming ratio (CFR) [5], and heme pigment content were measured by acetone 
extraction. Residual nitrite and nitrate content were determined according to the method of Mirna and 
Schütz [6] and by copper-cadmium column reduction, respectively. 

 
2.2.  CO experiment 
COMb was prepared in a model solution (0.1% Mb-0.2% Na2SO2O4, pH 5.5 with CO gas flushing) 
and cooked at 70ºC for 20 min. The absorption spectra of COMb at pHs adjusted to 5.0-9.0 were 
monitored. 

CO-treated meat and cured meat samples were prepared with pig thigh flushed with CO, to which 
100ppm NaNO2 had been added, and the meats then kept at 2ºC for 4 days. COMb and NOMb were 
extracted with water or 75% acetone and the absorption spectra of the solutions thus obtained were 
used to determine the extent of COMb formation. Lipid oxidation in each meat sample was also 
evaluated by 2-thiobarbituric acid (TBA) analysis [7].  

Absorption spectra of NOMb solution (0.1% Mb-1% Na ascorbate-0.1% NaNO2, pH 5.5）
previously flushed with CO was measured to determine the extent of COMb formation.  
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3.   Results and Discussion  
3.1.  Effects of yellow rock salt and low levels of nitrite and nitrate on meat color  
In mince with added NaCl and without nitrite, the CFR and a* (redness) were less than those measured 
in YS mince samples. In YS mince samples with and without nitrite, meat redness and CFR were 
found to exceed 70%, regardless of the low nitrite range, from 0 to 100 ppm (figure 1). Compared to 
NaCl mince samples, residual nitrite content was usually higher in mince with added YS (figure 2). 
The YS itself contained more nitrite than nitrate. YS was, thus, shown to effectively enhance meat 
reddening. Small amounts of nitrite, nitrate and minerals in the YS could possibly have contributed to 
this finding. 
 

3.2.  Effects of yellow rock salt and low levels of nitrite and nitrate on meat color  
In mince with added NaCl and without nitrite, the CFR and a* (redness) were less than those measured 
in YS mince samples. In YS mince samples with and without nitrite, meat redness and CFR were 
found to exceed 70%, regardless of the low nitrite range, from 0 to 100 ppm (figure 1). Compared to 
NaCl mince samples, residual nitrite content was usually higher in mince with added YS (figure 2). 
The YS itself contained more nitrite than nitrate. YS was, thus, shown to effectively enhance meat 
reddening. Small amounts of nitrite, nitrate and minerals in the YS could possibly have contributed to 
this finding. 

 

 

 

  

Figure 1. Color forming ratio (CFR).  Figure 2 Residual nitrite levels 

 

 

 

 

 

 

 

 

Figure 3 Colour forming ratio as a function of heme pigment content 
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The CFR was noted to change with increase in heme pigment content in pork mince with added YS. 
When the content of heme was quite small, the CFR in the mince samples was larger than in mince 
with more heme (figure 3). This could possibly have been due to the limited capacity of heme 
nitrosation to bring about meat reddening. 

 
3.3. Effects of CO gas on meat and NOMb  
The meat sample extracts showed the specific absorption spectra of COMb. In a model solution, 
COMb was heat stable and stable throughout the given cooling times (figure 4), with pH maintained 
within a range of 5.0 to ~8.0. Meat pH is normally approximately 5.5, so this indicates the red color of 
meat should be maintained in the presence of CO.  

The extraction of COMb was possible with water, though virtually impossible with acetone (figure 
5), in contrast to NOMb (data not shown). Thus, the extent of COMb formation compared to total Mb 
could not be determined in the present study. 

Even when CO was added to NOMb solution, the absorption spectrum of NOMb showed no change 
(data not shown), thus indicating the higher affinity of NO than CO toward Mb. The addition of 
NaNO2 (100 ppm) to COMb resulted in a change in the absorption spectrum of the NOMb formed 
(data not shown).  
 

 
   

Figure 4. Absorption spectra of COMb solution 
after heating and cooling for up to 180 mins. 

 Figure 5. Absorption spectra of CO-treate
and cured meat after extraction with. 

 
TBA values of raw meat increased significantly during storage, but TBA values for CO-treated pork 

decreased to nearly the same as those observed in the NO-group, compared to the control, from day 7 
to day 21 of storage (figure 5). Therefore, CO was shown to be as capable as nitrite of controlling lipid 
oxidation in raw pork.  

CO proved inhibitory to microorganism growth, as was also noted for nitrite (data not shown). 
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Figure 6. Change in pork TBA value during storage． 

. 
 

4. Conclusion 
Himalayan rock salt was found to be effective for enhancing the red color of meat at very small nitrite 
content or even in the absence of nitrite. The CFR in cooked meat changed with heme pigment content 
in meat, owing to the low degree of nitrosation in the meat. 

COMb was noted to form rapidly in meat when Mb and CO were combined, giving rise to a bright 
red color in the meat. It follows then, that CO could serve to significantly lessen the amount of nitrite 
added to meat products, while still supporting formation of an acceptable red color. CO could also 
function in a very similar fashion as nitrite in meat. CO itself could possibly be a factor for the 
unexpected reddening of meat as noted at food service facilities, but confirmation of this point will 
require additional research.  
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Abstract. The link between the basic chemical and fatty acid composition of trout feed on one 
hand and trout (Oncorhynchus mykiss) meat (fillet) was investigated.. The content of 52 fatty 
acids from feed and trout meat lipids was determined by in-situ transesterification and capillary 
column gas-liquid chromatography. On average, 100 g of trout feed contained 7.4 g of 
moisture, 47.7 g of proteins, 6.09 g of ash, 21.4 g of fat, and as for fatty acid composition, 47.8 
wt. % were monounsaturated, 34.0 wt. % were polyunsaturated and 18.1 wt. % were saturated 
fatty acids, with the PS ratio 1.88, n-6/n-3 ratio 1.74, 0.80 wt. % of trans and 3.28 wt. % of 
very long chain n-3 fatty acids. On average, 100 g of trout meat contained 76.1 g of moisture, 
21.4 g of proteins, 1.34 g of ash, 2.52 g of fat, and in the fatty acid composition 42.1 wt. % 
were monounsaturated, 38.2 wt. % were polyunsaturated and 18.9 wt. % were saturated fatty 
acids, with the PS ratio 2.02, n-6/n-3 ratio 0.98, 0.95 wt. % of trans and 13.25 wt. % of very 
long chain n-3 fatty acids.  

1.  Introduction 
Fish farming has been developed into a highly productive and efficient industry for the production of 
animal protein for human consumption. However, in the modern way of life, care for human health is 
very important. It is accepted that fish consumption has nutritional and health benefits in humans [1,2]. 
Fish meat is considered to be a good source of proteins of high biological value, polyunsaturated n-3 
fatty acids (n-3 PUFA), minerals and vitamins. Preventive effects of n-3 PUFA on atherosclerosis, 
thrombosis or hypertension have been reported in numerous studies [3,4]. Additionally, it has been 
suggested that n-3 PUFA may have a favorable influence on diseases, such as asthma, stroke, cancer 
or diabetes [5].  

Besides the fat content, their fatty acid (FA) composition, and above all the proportion and ratio of 
n-3 to n-6 FAs, as well as between saturated and unsaturated FA, the most important fish quality 
parameters are microbiological safety, color, texture and content of essential minerals; all of them 
contribute to high nutritional value of fish meat and their positive nutritional effects [6]. However, the 
composition of fish meat is highly variable; some factors of variability are the age, size or part of the 
fish [7], the sex, the season of the year [8], the quality of water [9], the diet [10,11] and the feeding 
system [10,12].  

Research found that the histological changes observed suggest an effect of dietary lipid sources on 
the transport and metabolism of fat in the fish, but further studies are required to clarify this [10].  

http://creativecommons.org/licenses/by/3.0
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Consequently, the aim of this preliminary study was to investigate the FAs and basic chemical 
composition of trout feed on one hand and farmed trout meat on the other, suggest a possible link 
between FA profiles of feed and meat, as well to obtain some information about nutrient content in the 
muscle of fillets from farmed trout in Slovenia.  

2.  Materials and methods 
Freshwater-reared rainbow trout (n = 10) were randomly selected from stocks of ready-for-sale 
animals obtained from Slovenian commercial farms, producing for the domestic market. At the same 
time, feed, with which fish were farmed, was collected. The sampling was carried out between March 
and April, 2017. 

Fish were slaughtered in water and ice, packed in polystyrene boxes, and covered with ice. Boxes 
with fish were immediately transported to the laboratory where fish were weighed and processed. The 
peritoneal cavity was opened along a ventral midline incision; the entire visceral mass was discarded. 
An incision along the dorsal fin up to the caudal fin, and another incision behind the opercula, 
excluding lateral and ventral fins, were made to separate both fillets from each carcass. Each fillet was 
cut along the insertion line of the ribs to obtain a dorsal and a ventral fillet (figure 1). After skinning, 
separately the two dorsal and two ventral fillets from each fish were joined. On the dorsal fillets, FA 
composition and on the ventral fillets, basic chemical composition was analyzed. Ten representative 
fish (dorsal and ventral fillets) and ten associated fish feed samples were prepared for analysis in 
accordance with ISO standard method [13]. The samples were homogenized by using a homogenizer 
Grindomix GM 200 (Retch, Germany) at 5000-6000 rpm for 20 s and stored vacuum packed in plastic 
bags at -18 °C until further analysis. 

 

 

Figure 1. Insertion line of ribs rainbow trout [7]. 

 

2.1 Chemical composition  
The moisture content of feed and fillet was determined on 5 g of previously homogenized samples 
dried in an oven at 105 °C (according to Association of Official Analytical Chemists (AOAC) 950.46) 
[14]. The total protein content (crude protein, N × 6.25) was determined by using the Kjeldahl method 
(according to AOAC 928.08) [15], and the ash content was determined by mineralization of the 
samples at 550 °C (according to AOAC 920.153) [16]. The fat content in feed and fillet was 
determined by the method described as AOAC Official Method 991.36 Fat (crude) in Meat and Meat 
Products [17]. Lipids were extracted with petroleum ether (boiling point ranged from 40 to 60 °C) 
after hydrolysis of the sample with hydrochloric acid. Data from the basic chemical analyses were 
expressed on a wet matter basis. 
 
2.2 Fatty acid analysis  
The FA composition of feed and fillet was determined by gas chromatography, where in situ 
transesterification [18] was used, modified by Polak et al. [19]. The FAMEs were determined by 
capillary gas chromatography on GC Agilent Technologies 6890 with a flame ionization detector and 
HP-88 capillary column (100 m × 0.25 mm × 0.20μm, Agilent Technologies). Separation and 
detection were performed under the following temperature conditions: 150º C, hold 10 min, rate 1.5 
°C min−1 to 180º C, hold 40 min, 3º C min−1 to final temperature of 240º C. Total analysis time was 95 
min. The injector and detector temperatures were 250º C and 280º C, respectively. The carrier gas was 
helium at a flow rate of 2.3 mL min−1. Injected volume was 1 μL and injector split ratio was 1:30. 
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Nitrogen was used as the make-up gas at a flow rate of 45 mL min−1; detector gases were hydrogen 
and synthetic air (21% O2) at a rate of 40 mL min−1 and 450 mL min−1, respectively.  

The FAMEs were determined through their retention times in comparison to the relevant standard 
mixtures using: 37 Components FAME mix (Supelco, Bellefonte, USA); PUFA No. 1-animal source 
(Supelco, Bellefonte, USA); linoleic acid methyl ester cis/trans isomer Mix (Supelco, Bellefonte, 
USA); cis-7-octadecenoic methyl ester (Supelco, Bellefonte, USA) and cis-11-octadecenoic methyl 
ester (Supelco, Bellefonte, USA); methyl stearidonate (Fluka, Switzerland); Nu-Chek standards GLC-
68D, GLC-85, GLC-411g (Nu-Chek, Minnesota, USA). The GLC-68D and GLC-85 standard mixtures 
were used to determine the response factor for each FA. The weight of each FA in the feed and fillets 
was determined using the response factor and the transformation factor of the FA content from the 
FAME content. The samples of feed and fillets were analyzed in duplicate. The FAMEs were 
expressed as weight percentages of the total FA content.  

2.3 Data analysis  
The data were analyzed for normal distributions using the UNIVARIATE procedure (SAS/STAT, 
USA). The differences according to the samples were analyzed through a general linear model 
procedure and Duncan test (SAS/STAT), with a 0.05 level of significance.  

3.  Results and discussion 
Basic chemical and FA compositions of trout feed are presented in tables 1 and 2, respectively.  

On average, 100 g of wet weight of trout feed contained 7.4±2.1 g of moisture, 47.7±5.0 g of 
proteins, 6.09±1.37 g of ash, 21.4±5.72 g of fat, and as for FA composition, 47.8±3.2 wt. % of total 
FAs were monounsaturated (MUFA), 34.0±2.4 wt. % were polyunsaturated (PUFA) and 18.1±1.1 wt. 
% were saturated fatty acid (SFA), with the PS ratio 1.88±0.12, n-6/n-3 ratio 1.74±0.34, 0.80±0.19 wt. 
% of trans FA and 3.28±0.94 wt. % of very long chain n-3 PUFA (data are not presented in tables).  

The chemical composition of the ten trout feeds significantly differed (P < 0.001). The protein 
content in trout feed ranged from 39.9 to 55.0 g 100 g−1, fat content from 12.9 to 29.1 g 100 g−1, 
moisture content from 3.7 to 9.8 g 100 g−1 and ash content from 5.0 to 8.9 g 100 g−1. These amounts 
for chemical parameters found are in full agreement with data reported by Rasmussen et al. [20], who 
stated following data for rainbow trout feed: content of protein 47.0 g 100 g−1, fat 26.0 g 100 g−1, dry 
matter 94.3 g 100 g−1, and ash 7.5 g 100 g−1.  

In all, 53  FAs were detected (> 0.01 g 100 g−1 FA) in the trout feeds; only thirteen of them are 
presented in table 2. For almost all FAs, their proportions and calculated nutrition information 
significantly differed between the different trout feeds (P ≤ 0.001) except for C22:4n-6 (P = 0.355). 
The primary FA was oleic acid (C18:1cis-9), the content of which was 37.27±1.76 g 100 g−1 FA, 
followed by linoleic (C18:2cc n-6; 20.01±2.42 g 100 g−1 FA), palmitic (C16:0; 11.07±0.61 g 100 g−1 
FA), α-linolenic (C18:3n-3; 5.12±0.44 g 100 g−1 FA), and FAs in amount under 4 g 100 g−1 FA, such 
as stearic (C18:0; 3.43±0.58 g 100 g−1 FA), eicosapentaenoic (C20:5n-3; 2.90±0.58 g 100 g−1 FA), 
vaccenic (C18:1cis-11; 2.77±0.08 g 100 g−1 FA), docosahexaenoic (C22:6n-3; 2.61±0.81 g 100 g−1 
FA), palmitoleic (C16:1; 2.43±0.30 g 100 g−1 FA), gondoic (C20:1cis-11; 2.12±0.96 g 100 g−1 FA), 
and myristic acid (C14:0; 1.97±0.36 g 100 g−1 FA).  

Basic chemical and FA compositions of farmed rainbow trout fillets are presented in tables 1 and 3, 
respectively.  

On average, 100 g of wet weight of trout fillet contained 76.1±1.2 g of moisture, 21.4±0.9 g of 
proteins, 1.34±0.08 g of ash, 2.52±1.24 g of fat, and in FA composition, 42.1±5.1 wt. % of total FA 
were MUFA, 38.2±4.6 wt. % were PUFA, and 18.9±1.6 wt. % were SFA, with the PS ratio 2.01±0.27, 
n-6/n-3 ratio 0.98±0.28, 0.95±0.19 wt. % of trans FA and 13.25±4.72 wt. % of very long chain n-3 
PUFA (data are not presented in tables).  

The basic chemical composition of farmed rainbow fillets trout significantly differed between 
samples (P < 0.01), except for protein content (P = 0.071). The protein content in trout fillets ranged 
from 20.3 to 23.6 g 100 g−1, the fat content from 0.8 to 5.0 g 100 g−1, moisture content from 74.4 to 
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78.1 g 100 g−1 and ash content from 1.24 g 100 g−1 to 1.54 g 100 g−1. These amounts for chemical 
parameters found are not in full agreement with data reported elsewhere. Protein contents were 
reported to be at the lower limit of those in our study (in the range of 19.3 to 20.3 g 100 g−1), while the 
fat contents reported were at the upper limit compared to our study (in the range of 4.0 to 6.7 g 100 
g−1) for dorsal and ventral fish fillets or fillets from fish reared in standing moisture [7,20]. 

In all, 52 FAs were detected (> 0.01 g 100 g−1 FA) in the fillets from farmed rainbow trout; twelve 
of them are presented in table 3. For almost all fatty acids, their proportions and calculated nutrition 
information significantly differed between different trout fillets (P ≤ 0.05) except for C13:0, C17:1cis-
10 and C18:1trans-11 (P > 0.05). The primary FA was oleic acid (C18:1cis-9), content of which 
ranged from 24.33 to 36.68 g 100 g−1 FA, followed by linoleic (C18:2cc n-6; from 14.57 to 19.99 g 
100 g−1 FA), palmitic (C16:0; from 11.07 to 15.56 g 100 g−1 FA), and docosahexaenoic acid (C22:6n-
3; from 7.04 to 21.61 g 100 g−1 FA). Our results are in line with those reported in literature [2,10,21] 
for the relative concentrations of individual FAs in the lipid fraction. In contrast, other researchers 
found that C22:6n-3 followed by C16:0 were the predominant FAs in the dorsal muscle of cultivated 
rainbow trout [22]. This is probably due to the use of different lipid sources in the diet because the FA 
composition of the muscular tissue in fish reflects, to a large extent, that of the diet [23].  

The lower part of (table 3) gives the indicators related to human health for the trout fillets. The 
nutritional quality of fat has been evaluated in terms of the ratio of PUFA:SFA (PS), the 
atherogenicity index (AI) [24], and the ratio of n-6/n-3 FA. In a balanced diet, the recommended ratio 
for PS is 0.4 or higher [25,26], for AI as low as possible, and for ratio n-6:n-3 less than 4 [27]. In this 
regard, our results showed that differences (P ≤ 0.001) in the PS ratio occurred between the different 
rainbow trout fillets, but the PS ratios ranged from 1.69 to 2.46, which is within the recommended 
range. Also determined AI values (0.20 to 0.28), which is considered as the rightful estimation for 
lipid nutritional quality, is also quite comparable with rabbit meat (0.70), deer meat (0.40 to 0.72), 
beef (0.51), lamb (1.07) and chicken (0.42) [28,29,30,31,32]. An unfavorable n-6/n-3 ratio of the 
PUFAs is considered to be a risk factor for cancer and coronary heart disease, so it is recommended 
that this n-6/n-3 ratio is < 4.0 [27]. In the present study, an average n-6/n-3 ratio of 0.98 was achieved, 
while in the literature that value was 0.62 for cultured rainbow trout by Stancheva et al. [33].  

FA chains differ in length, often categorized from short to very long. Figure 2 shows the 
percentages of medium- (with aliphatic tails of 6 to 12 carbons), long- (with aliphatic tails of 13 to 21 
carbons) and very long-chain (with aliphatic tails of 22 or more carbons) FA in feed (diet) source and 
in trout fillet lipids. On average, a greater percentage of very long chain FAs (i.e. C22:5n-3, C22:6n-3) 
in trout fillet in comparison with feed was detected, reflecting the lower percentage of some long chain 
FAs (i.e. C18:3n-3) in fillet compared to feed (figure 3). Furthermore, the n-3/n-6 ratios and 
percentages of very long chain n-3 PUFA revealed that these values were significantly higher (P ≤ 
0.001) in the trout fillets than in the feeds (2.62 vs. 1.96; 16.8 vs. 7.4). According to Aslan et al. [34], 
FA composition of fish from aquaculture does not always depend on that of feed because of the fish 
metabolism. However, our data on the percentage of C18:3n-3, C20:5n-3 and C22:6n-3 observed in 
feed and fillets suggest an effect of feed (diet) source on metabolism of fat in trout fillet (Figure 3). It 
can be concluded that long chain n-3 PUFA from feed can be converted into very long chain n-3 
PUFA in farmed rainbow trout fillets. This fact was also seen by Rebolé et al. [2], who showed that 
the level of C18:3n-6 was lower, whereas the level of C22:6n-3 was higher in the muscle than in the 
feed. This fact seems to support the documented effectiveness of rainbow trout and other freshwater 
fish species in elongating and desaturating precursor shorter-chain PUFAs to longer derived homologs 
[10,35]. 

There is scientific evidence that trans FA intake is associated with cardiovascular diseases in 
different ways [36]. Therefore, the recommendation for introducing trans FA in human body is limited 
to 1% of energy [37,38]. Naturally-occurring trans FAs produced in the gut of some animals and foods 
made from these animals (e.g., milk and meat products) can contain small quantities of these fats; low 
contents of trans FAs were also detected in our study (feed: 0.80±0.19 g 100 g-1 FA; fillet: 0.95±0.19 
g 100 g-1 FA; data are not presented in tables). Twelve trans FA were detected in the feed and farmed 
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rainbow trout fillets, but just eight of them were present in amounts under the limit of detection (> 
0.01 g 100 g−1 FA) and taken into account in the calculation. 

 
Table 1. Basic chemical composition of feed and farmed rainbow trout fillets. 

Parameter Sample x   

(g 100 
g−1) 

S1 S1 S3 S4 S5 S6 S7 S8 S9 S10 SE y P value
z 

Feed              

Protein 54.99a u 47.85de 39.86h 49.59dc 47.99de 51.57bc 53.93ba 41.51hg 43.87fg 45.87fe 1.37 ≤ 0.001 

Fat 22.74c 28.66a 22.58dc 29.07a 12.88f 25.28b 23.39c 21.20d 13.86fe 14.64e 0.18 ≤ 0.001 

Moisture 4.97e 5.32ced 5.17ed 5.71cb 8.53a 5.29ed 5.54cbd 8.86a 5.72cb 5.79b 0.63 ≤ 0.001 

Ash 8.39d 9.26b 8.62cd 6.70e 3.86f 8.94cb 8.22d 3.67f 9.81a 6.96e 0.22 ≤ 0.001 

             

Trout 
fillet 

            

Protein 20.83bc 20.47c 21.06bac 21.99bac 21.42bac 21.85bac 22.56a 22.49ba 20.68c 20.43c 0.70 0.071 

Fat 4.39b 3.24c 0.87f 1.68e 4.75a 1.36e 2.61d 2.29d 1.63e 2.41d 0.15 ≤ 0.001 

Moisture 75.23cb 75.11cb 77.91a 77.07a 74.60c 77.40a 74.94cb 75.79b 75.84b 77.31a 0.45 ≤ 0.001 

Ash 1.29bc 1.27c 1.27c 1.38ba 1.41a 1.39ba 1.38ba 1.46a 1.27c 1.24c 0.04 0.004 

x  S – rainbow trout (Oncorhynchus mykiss) 
y  Standard error of mean.  
z  Statistical probability of sample effect. 
u  Means with a different superscript within rows (a-i) differ significantly. 

 
Table 2. Fatty acid composition (selected fatty acids) and calculated nutritional information of fish 

feed. 

Fatty acid (FA) Feed sample x   

(g 100 g−1 total 
FA) 

S1 S2 S3 S4  S5 S6 S7 S8 S9 S10 
SE y P value z 

C14:0 1.22h 1.97d 1.90e 2.55a u 2.01c 1.98d 1.84f 2.01c 1.75g 2.50b 0.01 ≤ 0.001 

C14:1cis-7 0.04g 0.04f 0.04d 0.08b 0.07c 0.04f 0.04f 0.07c 0.04e 0.10a 0.00 ≤ 0.001 

C15:1cis-5 0.01e 0.01dc 0.01dc 0.03a 0.01c 0.01dc 0.01dc 0.01dc 0.01d 0.02b 0.00 ≤ 0.001 

C16:0 10.59e 11.29d 11.88a 9.87f 10.62e 11.33dc 11.55b 10.57e 11.40c 11.59b 0.05 ≤ 0.001 

C18:0 3.35f 3.91d 3.61e 2.89g 2.76i 3.95c 4.03b 2.75i 4.28a 2.80h 0.01 ≤ 0.001 

C18:1cis-9 40.08b 37.67c 35.22f 36.92d 40.51a 37.61c 36.80d 40.47a 36.33e 31.09g 0.06 ≤ 0.001 

C18:2 cc n-6 23.58a 20.18e 22.95b 16.68i 17.04g 20.14e 21.68c 16.96h 21.46d 19.44f 0.02 ≤ 0.001 

C18:3n-3 5.87a 5.33c 5.23e 5.08f 4.59g 5.33c 5.41b 4.60g 5.30d 4.41h 0.01 ≤ 0.001 

C20:4n-6 0.28e 0.69c 0.25f 0.23g 0.22h 0.70b 0.58d 0.22h 0.91a 0.23g 0.00 ≤ 0.001 

C20:5n-3 1.65i 3.46b 3.32c 2.34h 2.66g 3.46b 3.06d 2.71f 2.82e 3.48a 0.01 ≤ 0.001 

C22:4n-6 0.13ba 0.14ba 0.12ba 0.07b 0.12ba 0.15a 0.13ba 0.12ba 0.14a 0.16a 0.03 0.355 
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C22:5n-3 0.45f 0.57d 0.58d 0.61c 0.78b 0.57d 0.54e 0.78b 0.57d 0.88a 0.01 ≤ 0.001 

C22:6n-3 1.99g 2.05f 2.20e 2.61d 3.47c 2.05f 1.96h 3.55b 2.01g 4.21a 0.01 ≤ 0.001 

SFA w 16.71ef 19.11ba 19.16ba 16.68f 16.89d 19.02b 19.22a 16.84ed 19.25a 18.37c 0.07 ≤ 0.001 

MUFA† 47.82c 46.89d 44.48g 54.53a 50.93b 46.96d 45.76e 50.93b 45.60f 44.33h 0.07 ≤ 0.001 

PUFA§ 35.40c 33.91e 36.28b 28.69g 32.08f 33.93e 34.93d 32.14f 35.05d 37.16a 0.06 ≤ 0.001 

n-3# 10.67f 12.20d 12.23d 10.76f 13.80c 12.20d 11.75e 13.94b 11.77e 16.32a 0.04 ≤ 0.001 

n-6� 24.80a 21.80e 24.14b 18.04h 18.38g 21.82e 23.27d 18.30g 20.98f 23.38c 0.05 ≤ 0.001 

n-6/n-3 2.32a 1.79c 1.97b 1.68d 1.33e 1.79c 1.98b 1.31f 1.29g 1.99b 0.01 ≤ 0.001 

PS 2.12a 1.77e 1.89c 1.72f 1.90c 1.78e 1.82d 1.91c 1.82d 2.02b 0.01 ≤ 0.001 

AI� 0.19g 0.25c 0.25b 0.25dc 0.23f 0.25c 0.25d 0.23f 0.27a 0.24e 0.00 ≤ 0.001 

trans$ 0.70c 1.01a 1.00ba 0.61de 0.57e 1.01a 0.97ba 0.57e 0.95b 0.66dc 0.02 ≤ 0.001 

VLC n-3& 2.46h 2.65f 2.80e 3.26d 4.30c 2.65f 2.53g 4.37b 2.60f 5.15a 0.02 ≤ 0.001 

x  S – rainbow trout (Oncorhynchus mykiss). 
y  Standard error of mean.  
z  Statistical probability of sample effect. 
u  Means with a different superscript within rows (a-h) differ significantly.  
w  Saturated fatty acid: C8:0 + C10:0 + C11:0 + C12:0 + C13:0 + C14:0 + C15:0 + C16:0 + C17:0 + C18:0 + 

C20:0 + C21:0 + C22:0 + C23:0 + C24:0.  
†  Monounsaturated fatty acid: C12:1cis-11 + C14:1trans-7 + C14:1cis-7 + C15:1cis-5 + C15:1cis-10 + 

C16:1trans-7 + C16:1trans-9 + C16:1cis-9 + C17:1trans-10 + C17:1cis-10 + C18:1trans-7 + C18:1trans-
8 + C18:1trans-9 + C18:1trans-10 + C18:1trans-11 + C18:1cis-7 + C18:1cis-8 + C18:1cis-9 + C18:1cis-
11 + C20:1cis-5 + C20:1cis-8 + C20:1cis-11 + C21:1trans-12 + C21:1cis-12 + C22:1cis-13 + C24:1cis-
15. 

§  Polyunsaturated fatty acid: C18:2tt n-6 + C18:2tc n-6 + C18:2ct n-6 + C18:2cc n-6 + C18:3n-6 + C18:4n-
6 + C18:3n-3 + C18:4n-3 + C20:2n-6 + C20:3n-6 + C20:4n-6 + C20:3n-3 + C22:2n-6 + C20:5n-3 + 
C22:3n-3 + C22:4n-6 + C22:5n-6 + C22:5n-3 + C22:6n-3. 

#  C18:3n-3 + C18:4n-3 + C20:3n-3 + C20:5n-3 + C22:3n-3 + C22:5n-3 + C22:6n-3. 
�  C18:2tt n-6 + C18:2tc n-6 + C18:2ct n-6 + C18:2cc n-6 + C18:3n-6 + C18:4n-6 + C20:2n-6 + C20:3n-6 + 

C20:4n-6 + C22:2n-6 + C22:4n-6 + C22:5n-6. 
�  Index of atherogenicity: (C12:0 + 4 � C14:0 + C16:0 + Σ(trans))/(Σ(n-6) + Σ(n-3) + C18:1cis-9 + other 

MUFA) [24]. 
$ C14:1trans-7 + C16:1trans-7 + C16:1trans-9 + C17:1trans-10 + C18:1trans-7 + C18:1trans-8 + 

C18:1trans-9 + C18:1trans-10 + C18:1trans-11 +C18:2 trans  + C18:2 trans-7 cis-9 + C21:1trans-12. 
&  Very long chain n-3: C22:3n-3 + C22:5n-3 + C22:6n-3. 
 

 
 
Table 3. Fatty acid composition and calculated nutritional information of farmed rainbow trout 

fillets. 

Fatty acid (FA) Trout sample   

(g 100 g−1 total 
FA) 

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 SE P value

C14:0 1.15d 1.67a 1.19d 1.19d 1.70a 0.99e 1.51b 1.48b 1.31c 1.41cb 0.05 ≤ 0.001

C14:1cis-7 0.03c 0.04b 0.03d 0.04b 0.05a 0.03d 0.04b 0.04b 0.04b 0.03c 0.00 ≤ 0.001

C16:0 11.49ef 12.14cd 11.07f 13.15b 11.88ed 11.75ed 12.64cb 11.39ef 15.56a 11.42ef 0.26 ≤ 0.001
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C18:0 3.27d 3.29d 3.49c 3.06e 3.31d 3.10e 3.71b 3.05e 3.95a 2.85f 0.06 ≤ 0.001

C18:1cis-9 36.08a 35.68a 29.40c 24.33e 36.68a 27.86dc 32.60b 36.14a 26.51d 32.55b 0.82 ≤ 0.001

C18:2cc n-6 19.88a 14.76e 18.06b 14.57e 15.31de 16.24dc 16.88c 14.86e 14.35e 19.23a 0.49 ≤ 0.001

C18:3n-3 4.21a 3.01e 3.06e 3.18dce 3.27dc 3.28c 3.46b 3.14dce 3.09de 4.34a 0.08 ≤ 0.001

C20:4n-6 0.14a 0.12bac 0.07e 0.13ba 0.13ba 0.07ed 0.11bac 0.10dc 0.10bc 0.11bc 0.01 0.0013

C20:5n-3 2.07gf 2.18f 3.48b 4.10a 1.79g 3.16cb 2.85cd 2.35ef 2.97cd 2.62ed 0.17 ≤ 0.001

C22:4n-6 0.06a 0.05b 0.00d 0.00d 0.05a 0.00d 0.04c 0.04c 0.00d 0.04c 0.00 ≤ 0.001

C22:5n-3 0.60c 0.68c 0.95b 0.94b 0.59c 1.22a 0.87b 0.91b 0.85b 0.87b 0.04 ≤ 0.001

C22:6n-3 7.04f 9.63e 13.10dc 21.61a 8.57fe 17.98b 9.87e 10.94de 15.28c 9.28fe 1.07 ≤ 0.001

SFA 17.67de 18.94c 18.63c 19.06c 18.66c 18.33dc 20.02b 17.64de 23.08a 17.44e 0.34 ≤ 0.001

MUFA 45.60b 47.37ba 39.15d 33.38e 48.30a 37.15d 42.95c 47.06ba 37.09d 43.32c 1.00 ≤ 0.001

PUFA 36.05e 32.97f 40.99c 46.96a 32.36f 43.67b 36.34e 34.77e 38.96d 38.50d 0.70 ≤ 0.001

n-3 14.55g 16.63feg 21.07dc 31.25a 15.49fg 26.14b 17.77fe 18.47de 23.26c 17.87fe 1.17 ≤ 0.001

n-6 22.19a 17.06ed 21.16a 16.31e 17.54cd 18.37cb 19.26b 16.83ed 16.57ed 21.37a 0.48 ≤ 0.001

n-6/n-3 1.53a 1.03cd 1.01cd 0.52f 1.13cb 0.71e 1.09cb 0.91d 0.71e 1.20b 0.06 ≤ 0.001

PS 2.04d 1.74g 2.20c 2.46a 1.73g 2.38b 1.81f 1.97e 1.69g 2.21c 0.03 ≤ 0.001

AI 0.21gf 0.25b 0.21ef 0.23c 0.24b 0.20g 0.25b 0.22d 0.28a 0.22ed 0.00 ≤ 0.001

trans 0.91cbd 1.05b 1.41a 0.71e 0.96cbd 0.84ced 0.99cb 0.81ed 0.86cd 0.93cbd 0.07 ≤ 0.001

VLC n-3 7.70f 10.37e 14.10dc 22.62a 9.24fe 19.28b 10.80e 11.91de 16.22c 10.24fe 1.11 ≤ 0.001

Abbreviations are explained in the legend of  table 2. 

 
 
 
 

  

Figure 2. Percentage of medium-, long- and very long-chain fatty acids among total fatty acids in feed 
(diet) source (A) and in trout fillet lipids (B). 
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Figure 3. Weight% of C18:3n-3 (linolenic FA), C20:5n-3 (eicosapentaenoic FA) and C22:6n-3 
(docosahexaenoic FA) in feed source (A) and in trout fillet lipids (B). 

4.  Conclusion 
Preliminary studies in the field of FA and basic chemical composition of trout feed on one hand, and 
trout (Oncorhynchus mykiss) fillet meat on the other, showed that, despite wide variability between 
observed parameters, some conclusions can be drawn. In the present study, the FA profile and basic 
chemical composition of rainbow trout farmed in Slovenia were defined. On the basis of nutritional 
quality of the fat in the trout fillets, it can be concluded that rainbow trout farmed in Slovenia provides 
an important source of healthy fats, as it contains favorable n-3/n-6 ratios and PS and AI indices, all 
within recommended limits. Our data also suggest that long chain n-3 PUFA from feed can be 
converted into very long chain n-3 PUFA in trout fillets. From these points of view, farmed rainbow 
trout could be a healthy choice in human diet.  
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Abstract. Consumers with potentially fatal food allergies are dependent on correct product 
labelling to protect their health. The food industry is responsible for providing every detail 
consumers need to make informed decisions. Considering public health, food suppliers have to 
monitor the presence of allergens, prevent cross-contamination and label products accurately. 
Allergen labelling of food products, drinks and non pre-packed food and drink products is 
clearly defined with legal regulations. To achieve this, a complete understanding of each 
product’s allergenic ingredients is needed and cross-contamination of food with allergens must 
be avoided. Raw materials need to be checked, every ingredient must be verified and every 
single allergen has to be stipulated. A mislabeled product could be recalled at potential cost, 
financially damaging business and at the same time, negatively impacting brand and 
reputation. 

1.  Introduction 
Food allergens affect the health and life of people with hypersensitivity caused by some food 
components, and such allergens are identified as a severe food safety hazard and their management is 
one of the fundamental areas of food safety management systems [1,2]. 

The Codex Alimentarius Commission (CAC) of the Food and Agriculture Organization/the World 
Health Organization (FAO/WHO) [3] recommends that allergen information should be placed on 
labels of food products. Furthermore, legal regulations in the United States (US) [4], the European 
Union (EU) [5] and in Serbia [6], define 14 food allergens that can cause allergic reactions or 
intolerance, and their distribution and that of food derivatives which contain them can trigger allergic 
reactions impose an obligation on food producers to label food in regard to food allergens. In 
European countries, the prevalence of food allergy is 1-3% of adults and 4-6% of children, while in 
the US, 4% of adults and 8% of children under the age of 18 suffer with food allergies [7].  

2.  The fourteen food allergens 
The 14 listed allergens are, according to [5]: 

1. Cereals containing gluten, namely wheat (such as spelt and Khorasan wheat), rye, barley, oats 
and their hybridised strains and products thereof, except: a) wheat based glucose syrups 
including dextrose b) wheat based maltodextrins c) glucose syrups based on barley d) cereals 
used for making alcoholic distillates including ethyl alcohol of agricultural origin;  

2. Crustaceans and products thereof (for example prawns, lobster, crabs and crayfish);  
3. Egg and products thereof;  

http://creativecommons.org/licenses/by/3.0
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4. Fish and products thereof, except: a) fish gelatine used as carrier for vitamin or carotenoid 
preparations b) fish gelatine or Isinglass used as a fining agent in beer and wine.  

5. Peanuts and products thereof;  
6. Soybeans and products thereof, except: a) fully refined soybean oil and fat b) natural mixed 

tocopherols (E306), natural D-alpha tocopherols, natural D-alpha tocopherol acetate and 
natural D-alpha tocopherol succinate from soybean sources c) vegetable oils derived 
phytosterols and phytosterol esters from soybean sources d) plant stanol ester produced from 
vegetable oil sterols from soybean sources;  

7. Milk and products thereof (including lactose), except: a) whey used for making alcoholic 
distillates including ethyl alcohol of agricultural origin b) lactitol;  

8. Nuts (namely almond, hazelnut, walnut, cashew, pecan nut, Brazil nut, pistachio nut and 
Macadamia nut (Queensland nut) and products thereof, except for nuts used for making 
alcoholic distillates including ethyl alcohol of agricultural origin;  

9. Celery and products thereof;  
10. Mustard and products thereof;  
11. Sesame seeds and products thereof;  
12. Sulphur dioxide and/ or sulphites at concentrations of more than 10mg/kg or 10mg/L (litre) in 

terms of the total SO2 which are to be calculated for products as proposed ready for 
consumption or as reconstituted according to the instructions of the manufacturers;  

13. Lupin and products thereof;  
14. 14 Molluscs and products thereof (for example mussels, clams, oysters, scallops, snails and 

squid). 
Eggs, fish, milk, peanuts, soy, shellfish, tree nuts, and wheat are the “big 8” food allergens, which 

have triggered more than 90% of the food allergy reactions in the US [8].  

3.  Allergen management in catering 
Applying the basic principles of food safety management in the catering industry is based on 
understanding the nutritional allergies and food production processes leading to the development of 
systems that can support the production of food which contains or does not contain a particular 
allergen in circumstances where the risk for the consumer is minimized [9]. 

A modern approach to food safety management in the catering industry is most often based on the 
need for a particular risk to be completely preempted and reduced to an acceptable level, before it 
actually occurs in practice. Allergies and intolerances to foods are one of the security risks which are 
widely discussed in the food industry. The general view is that in the case of allergenic foods, it is 
unrealistic to talk about the possibility of zero risk [10,11], which makes it extremely important to set 
standards in the catering industry that will minimize this risk. 

Precisely defined and consistent safety management standards for allergens lead to a consistent and 
sustainable food safety management in the food industry [12], but also in the production of products 
for consumption in catering facilities. Allergenic foods can be risky in two cases: when they are 
directly taken into the body alone or as an integral part of another product, or by cross-contamination 
of non-allergenic foods with allergenic ones during the food production process [13]. 

4.  Risk management in the catering industry 
In the area of risk management of allergenic foods in the food and catering industries, there is an 
irrational desire for zero risk tolerance that entails a complete avoidance of any food that is potentially 
a causative allergen [14]. However, the risk of cross-contamination by allergens during food 
production is present despite the efforts of food producers to comply with all the requirements of good 
hygiene and good manufacturing practice.  

Predictive modeling in risk management of allergenic foods is significantly hampered by a poorly 
defined method of declaring the foods where the zero risk tolerance for allergens imposes on food 
producers, while labeling the food products, to use the term “may contain” [15]. Some stakeholders 
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are not convinced that the new labelling legislation provides sufficient information to food allergic 
consumers [16]. Due to fear of cross-contamination, in the absence of accurate precautionary i.e. “may 
contain” labelling, food allergic consumers are uncertain about product safety, and cannot always 
clearly understand or interpret the information on the food labels [17]. For food allergic consumers, 
unintentional exposure to allergens when eating outside in restaurants or catering outlets outside the 
home is particularly problematic, as unintentional exposures to problematic allergens can occur. The 
need to establish a reliable system for declaring, labeling and marketing of foods has caused a 
necessary step ahead in science, such as the determination of eliciting doses (ED) of allergenic food 
ingredients, which vary depending on individual predispositions and geographical determinants. For 
the safety of consumers, as the initial EDs of proteins in allergenic foods, the highest ones found by 
the research group of Allergen Bureau VITAL scientists in Australia were deemed suitable [14]. 

The VITAL 2.0 program has established reference doses of total allergenic protein intake and 
defined an action network of risk levels for allergenic foods, calculated using reference doses and 
reference quantities of food intake/portion size. By determining the reference doses, an effective basis 
of communication within the risk management of allergenic foods has been set up, which has enabled 
detailed identification, characterization and significantly easier risk management, weighting and 
selection, i.e. a detailed risk analysis. 

Communication researchers have found that risk communication plays an important role in 
controlling and preventing negative consequences such as food allergy reactions in restaurants. 
Establishing proper communication between and among customers and food service employees could 
be one of the first and most important steps in preventing food allergy reactions in restaurants [18,19]. 
Proper communication among stakeholders would initiate increased attention to food preparation by 
service staff when serving customers with food allergies. Although there are other food allergy-related 
publications available, no research has been published regarding food allergy risk communication. 

Researchers found that restaurant staff lacked knowledge regarding food allergens in the menu, 
ways to prevent cross contact, and the severity of food allergy reactions [20]. One study from the 
United Kingdom revealed that about 21% of the peanut-free meals that were prepared immediately 
after peanut-containing meals were contaminated with peanut or peanut protein. Researchers also 
found that restaurant employees’ confidence levels were high even though their knowledge about 
serving customers with food allergies was not adequate [21]. Specifically, 70% of the respondents in 
this study felt that they could guarantee a safe meal, while 35% thought that fryer heat could destroy 
allergens and 25% thought it was safe to remove allergens from a finished meal [21]. 

Strict avoidance of food allergens and early recognition and response to allergic reactions are 
extremely important for individuals with food allergies to prevent fatal food allergy reactions [22]. To 
prevent potential food allergy reactions, customers with food allergies have used various strategies 
prior to and while dining out. For example, customers chose restaurants with which they were familiar 
and where they were known by the staff; avoided establishments and cuisines that are considered high-
risk such as buffets or ethnic restaurants, and; checked online menus, ingredients, and allergen 
information before dining out [23].  

Despite these prevention strategies, customers with food allergies have experienced communication 
challenges when dining out because some restaurant staff had insufficient knowledge about food 
allergies, did not understand special requests, or were not aware of the severity of food allergy 
reactions [23]. There is a lack of legislation or training guidelines focusing on the risk management of 
food allergies [11] and risk communication-related issues in restaurants. Yet most food handlers 
perceive the foodservice industry as a low-risk business, and this preception negatively affects their 
safe food-handling behaviors [24]. Therefore, food allergy risk communication can be used as a tool to 
reduce the chance of food allergy reactions caused by the mistakes of restaurant staff when serving 
customers with food allergies [25]. 

5.  Conclusion 
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The main features of food allergens (a large number of foods that contain allergens, the minimum 
amount needed to trigger a reaction, the various spectra of symptoms and the small number of people 
suffering from food allergies) pose a great challenge to food manufacturers in developing a safety 
management plan. Safety management of food allergens must be focused on careful risk analysis 
throughout each segment of the food chain in the catering industry. Guidelines that point to potential 
risks must be ensured so that food allergens are either clearly and precisely defined or are not present 
in quantities that will endanger the health of consumers. All segments of the food chain in the catering 
facility must be monitored, from the design, through the source of foodstuffs, declarations and labeling 
within the supply, up to the safe food consumption and established accountability. 

Foods that contain allergens have specific, characteristics health and safety risks. However, risks 
caused by allergens can be controlled and minimized using the developed methodologies within the 
context of other risks. The key basis for security management of allergens in a catering facility is 
communication – good consumer-to-customer and employee-supplier communication and 
interpersonal communication. However, the risks which are not under the control of allergen 
management are: 1) undeclared or wrongly declared allergens, and; 2) unverified allergies. Allergens 
in foods that are not properly labeled or are not recognizably highlighted can cause significant failures 
in the safety management system. Another risk that is almost impossible to avoid is that of the first 
occurrence of an allergic reaction. Because of this risk, there has to be a person in the catering facility 
at all times who has been trained to recognize such symptoms and respond to them properly and 
timely. 

The factor that is most difficult to control and which can significantly affect food safety system is 
the human factor. Therefore, one of the primary management tasks in catering facilities is providing 
appropriate education and training to raise awareness of employees about the risks that could arise 
from allergenic foods and culinary products. 
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Abstract. The aim of this paper is to verify the performance characteristics and fitness for 
purpose of rapid and simple QuEChERS-based LC-MS/MS method for determination of 
acrylamide in potato chips and coffee. LC-MS/MS is by far the most suitable analytical 
technique for acrylamide measurements given its inherent sensitivity and selectivity, as well as 
capability of analyzing underivatized molecule. Acrylamide in roasted coffee and potato chips 
wasextracted with water:acetonitrile mixture using NaCl and MgSO4. Cleanup was carried out 
with MgSO4 and PSA. Obtained results were satisfactory. Recoveries were in the range of 85-
112%, interlaboratory reproducibility (Cv) was 5.8-7.6% and linearity (R2) was in the range of 
0.995-0.999. LoQ was 35 g kg-1for coffee and 20 g kg-1 for potato chips. Performance 
characteristic of the method are compliant with criteria for analytical methods validation. 
Presented method for quantitative determination of acrylamide in roasted coffee and potato 
chips is fit for purposes of self-control in food industry as well as regulatory controls carried 
out by the governmental agencies. 

1.  Introduction 
Acrylamide (prop-2-enamide, 2-propene amide, CAS No. 79-06-1) isa compound that attracts much 
attention of the scientific, regulatory and food business operators’ communities for the past decade, 
due to its almost ubiquitous presence in some thermally processed foods, as well as its harmful 
properties to humans. International Agency for Research of Cancer (IARC) classified acrylamide as 
“probably carcinogenic to humans”, belonging to Group 2A [1]. Besides carcinogenicity, studies have 
attributed some other harmful properties to acrylamide, such is neurotoxicity [2]. Although the studies 
from available literature have not yet fully explained all possible formation mechanisms of 
acrylamide, it is well known that one way of its formation is based on Maillard reaction between 
amino acid asparagine and carbonyl-group compounds, especially reducing sugars e.g. glucose or 
fructose, at the temperatures higher than 120C [3, 4]. Therefore, occurrence of acrylamide is high in 
carbohydrates-rich,thermally treated foods (potato chips, French fries biscuits, snacks of large 
varieties, roasted coffee, cereals, etc). On the other hand, Maillard reaction is responsible for desirable 
sensory properties of processed foods (dark yellow to brown color, crusty surface and rich taste). 

http://creativecommons.org/licenses/by/3.0
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However, at the same time, these fried or baked surfaces contain the highest quantities of acrylamide 
[5].  

Since acrylamide presence in processed foods clearly poses a health risk to consumers, due to 
harmful properties of the molecule itself, as well as considering the abundance of acrylamide-
containing product in our nutrition, European Commission initiated monitoring of acrylamide levels in 
processed foods in 2007 [6]. This survey ended in 2009 followed by another monitoring cycle [7]. 
Based on its data, in 2012 European Food Safety Agency (EFSA) concluded that no significant 
reduction of acrylamide levels is observed, except in food for infants and some other categories [8]. 
The European Commission published in 2013 its second Recommendation on “indicative acrylamide 
values based on monitoring data from 2007-12” [9] setting the maximum recommended levels e.g. for 
potato chips to 1000 g kg-1and for roasted coffee to 450 g kg-1. Along with recommended levels, EC 
has promoted “toolbox” compiled by the organization “FoodDrinkEurope” with the aim to help food 
business operators to reduce acrylamide levels in their products [9].  

From the analytical perspective, acrylamide detection and measurement is not without hindrances, 
regardless of relatively long period of availability of analytical methods. Historically, one of the first 
protocols describes analysis of acrylamide in drinking water after derivatization (bromination with 
2,3-dibromopropionamide), and GC separation using ECD or MS detection [10]. Although this 
method can be applied to complex matrices such as various foodstuffs [11], procedure is time-
consuming and with limited success in respect to reproducibility. HPLC methods with UV detection 
arealso available, however, lack of chromophore and general limited selectivity and sensitivity of UV 
detectors make detection of low levels of acrylamide difficult and with questionable reproducibility. 
Liquid chromatography coupled with tandem-mass spectrometry (LC-MS/MS) is by far the most 
suitable analytical technique for acrylamide measurements given its inherent sensitivity and 
selectivity, as well as capability of analyzing underivatized molecule. Since molecular ion of 
acrylamide is of low weight (m/z = 72 for protonated molecule), it is not specific enough for an 
unambiguous spectral determination using full scan. Therefore, multiple reaction monitoring (MRM) 
mode of operation with triple-quadrupole instruments is the technique of choice for accurate and 
precise measurements of acrylamide content. 

Another difficulty encountered in acrylamide analysis is practical impossibility to obtain true blank 
sample. The need for matrix-matched calibration, especially in mass spectrometry (due to often severe 
matrix-related effects), implies use of fortified blanks and blank samples in order to properly quantify 
the compound of interest. However, virtually every thermally processed matrix contains some levels 
of acrylamide. Furthermore, application of high temperatures during analytical process (e.g. Soxlet 
extraction or GC injection) can also contribute to the formation of additional acrylamide levels, if 
precursors for Maillard reaction are present in the sample [2].  

The aim of this paper is to verify the performance characteristics and fitness for purpose of rapid 
and simple QuEChERS-based LC-MS/MS method for determination of acrylamide in two food 
commodities that are likely to contain significant quantities of this molecule and are, at the same time, 
rather abundant in everyday nutrition - potato chips and coffee. The applied analytical method is 
slightly modified LC-MS/MS protocol presented by Mastovska and Lehotay [2]. QuEChERS (Quick 
Easy Cheap Effective Rugged Safe) is an extraction and cleanup method which gained much 
popularity in analytical community in the past decade, due to significant benefits in solvents reduction, 
costs, turnarround time and efficiency of extraction. Chemically, it is a form of dispersive solid phase 
extraction and cleanup protocol that provides satisfactory to excellent recoveries and adequate 
interferences removal. It is developed by the US Department of Agriculture for the purpose of 
multiresidual pesticide analysis [12]. However, it can be successfully applied to other analytes, 
including acrylamide. Although it is not suitable for ultra-trace (sub-ppb) levels, recommended 
maximum levels for acrylamide are quite within reach of its capabilities. 

 
 



3

1234567890

59th International Meat Industry Conference MEATCON2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 85 (2017) 012010    doi   :10.1088/1755-1315/85/1/012010

 
 
 
 
 
 

2.  Materials and Methods 
Samples of potato chips (n=6) and roasted grinded coffee (n=6) were purchased from local 
supermarkets. Analytical standard of acrylamide (99%) was obtained from Sigma-Aldrich (St. Louis, 
MO, USA). Acetonitrile, n-hexane and water of HPLC purity were acquired from the same 
manufacturer. QuEChERS extraction kit (1g NaCl + 4g MgSO4 in 50 mL extraction tube; 50mg PSA 
+ 150mg anhydrous MgSO4 in dispersive 2mL SPE tube) were obtained from Agilent (Agilent 
Technologies CA, USA).  

2.1.  Sample preparation - potato chips 
One and a half gram of previously grinded potato chips was weighted into 50 mL QuEChERS tube (1g 
NaCl + 4g MgSO4). Standard of acrylamide was added at this point in QC samples (matrix-matched 
standards and control spike). HPLC-grade n-hexane (7mL) was added and the tube was vortexed for 1 
min. HPLC-grade water and acetonirile (10 mL each) were added to the tube and shaken vigorously 
for 1 min. This mixture was centrifuged at 4500g for 5 min. Hexane layer (upper) was discarded using 
Pasteur pipette and 1 mL of water:acetonitrile layer (lower) was transferred into 2mL dispersive SPE 
tube containing 50mg PSA and 150mg of anhydrous MgSO4. Tubes were vortexed for 1 min and 
centrifuged at 9000g for 5 min. Supernatant (1 mL) was carefully withdrawn using automatic pipette 
in order not to disturb precipitate and transferred into HPLC vial. 

2.2.  Sample preparation - roasted coffee 
Coffee samples (2g) were transferred into an empty tube and 10 mL of boiling water was added. Tube 
was closed and shaken vigorously for one minute. Entire content was transferred to QuEChERS 
extraction tube. The other steps were identical as in potato chips preparation except for the defattening 
step with n-hexane which was omitted. During the method development, it was concluded that 
interferences from fat were much less intense, comparing to potato chips while the peak shape and 
baseline noise were satisfactory. Therefore, in the interest of simplicity and time-saving, defattening 
step was skipped. 

2.3.  LC-MS/MS analysis 
LC-MS/MS system consisted of Shimadzu (Shimadzu Corporation, Kyoto, Japan) components: two 
LC-30AD UPLC pumps connected in binary gradient mode, DGU-20A degassing unit, SIL-30AC 
autosampler, CTO-20AC column oven, CBM-20A system controller and LCMS 8040 triple-
quadrupole mass spectrometer. Merck (Darmstadt, Germany) Purospher STAR RP-18 encapped 
column (50x2.1mm, 3m) was used for acrylamide separation from co-eluting compounds and was 
maintained at 50C during analysis. Mobile phase consisted of 2% methanol and 1% acetonitrile in 
0.1% formic acid(isocratic mode), flow rate was 300 L/min. Mass spectrometric determination of 
acrylamide was performed in electrospray (ESI) positive mode. Interface voltage was set to 4kV. Heat 
block, interface and dessolvation line temperatures were 400C, 350C and 250C respectively. 
Nebulizing gas (N2) flow was 3 L/min while drying gas flow was maintained at 15 L/min. Detector 
was operating in multiple reaction monitoring (MRM) mode. Collision gas was Ar2. Two product ions 
of acrylamide were monitored (m/z 72>55 and 72>27). Dwell time was set to 100 ms. Adequate 
collision energy, Q1 and Q3 pre bias values were determined using automatic method optimization 
procedure. LabSolutions software was responsible for data acquisition and processing. 

Five-point calibration curve was constructed from pure standards corresponding to final sample 
concentrations of 0, 50, 100, 500 and 1000 g kg-1. Samples of potato chips and coffee previously 
purchased from the supermarkets were analyzed prior to analysis, and specimens with lowest content 
of acrylamide were selected for blanks. Selected "blank" samples were fortified with acrylamide 
standard solution (c=1 ng L-1 in acetonitrile) up to the final concentrations in a sample of 100, 200, 
500 1000 and 1500 g kg-1. Spiked samples prepared in such a way were used for construction of 
matrix-matched calibration curve. Blank substraction and external standardization methods were used 
for quantification of acrylamide content.  
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3.  Results 
Described method showed good performance characteristics for both matrices. Degree of interferences 
removal during extraction and cleanup stages of sample preparation was sufficient for reliable analyte 
identification and subsequent quantification. Figure 1 represents MRM chromatogram of total ion 
current and both transition products for acrylamide pure standard (0.2 ng on column). Retention time 
of acrylamide was 0.5 min due to short column (50 mm) and addition of 1% acetonitrile to the mobile 
phase. Initial run time was set to 4 minutes, however subsequent coelution with other compounds was 
not observed in both sample types. Separation of acrylamide was clear with narrow peak with slight 
tailing. This could be reduced with alteration of chromatographic parameters but runtime of the 
analysis would be longer.  

 

 
Figure 1. Chromatogram of acrylamide standard solution (0.2 ng on column) 

 
Baseline noise was prominent in coffee samples at low levels (under 50 g kg-1), while this effect 

was not observed in potato chips samples. This could be explained by the fact that coffee is rather 
difficult matrix compared to potato chips with much more coeluting compounds. Omission of 
defattening step in coffee analysis was excluded as a reason for increased baseline noise, since the 
same noise was observed in samples subjected to defattening with n-hexane during method 
development. Even with increased noise, peak was sufficiently resolved and reproducible integration 
and quantitation could be achieved.  Figures 2 and 3 show MRM chromatograms of total ion current 
and both transition products for acrylamide in coffee and potato chips respectively at concentrations of 
100 g kg-1. 

 

 
 

Figure 2. Chromatogram of 100 g kg-1 of acrylamide in roasted coffee sample 
 

 
Figure 3. Chromatogram of 100 g kg-1 of acrylamide in potato chips sample 
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Coffee samples, as stated previously, were harder matrix to analyze comparing to potato chips. One 
of the main drawbacks was pronounced difficulty in obtaining credible blank samples. Six samples of 
commercially acquired roasted coffee were analyzed in preliminary investigations. All samples 
contained acrylamide in various concentrations. Unlike potato chips samples where it was possible to 
find a sample with low enough concentrations of acrylamide which could be considered as true blank, 
in the case of coffee samples, blank substraction method and standard addition were employed for 
reliable quantification. 

With every batch of samples, control spike was injected after blank with the aim to assess 
recoveries of the method. Blank samples were fortified at 50 g kg-1for coffee and 100 g kg-1 for 
potato chips. Obtained recoveries were in the range of 85-112% for coffee samples and 91-107% for 
potato chips samples.  

Linearity of the method was satisfactory. Five-point calibration curve consisting of matrix-matched 
standard was constructed at the beginning of each batch. Coefficients of determination (R2) were in the 
range of 0.995-0.998 for coffee and 0.997-0.999 for potato chips.  

Experimentally determined limit of quantification was 35g kg-1for coffee and 20 g kg-1 for 
potato chips. Interlaboratory reproducibility (Cv%) at recommended indicative values from the 
European Commission (450 g kg-1for roasted coffee and 1000 g kg-1 for potato chips) were 7.6% 
and 5.8% respectively.  

Accuracy of the method was initially difficult to assess due to the lack of adequate certified 
reference material (CRM). Recovery could be a measure of accuracy when CRMs are not available, 
but practical impossibility to obtain true blank matrix further complicates this process. However, 
subsequent proficiency test for acrylamide in roasted coffee and z-score of -1 confirmed that applied 
method was adequate for accurate measurings. 

One aspect of quality control was not applied in this method - internal standardization since d3-
acrylamide was not available in laboratory at the time of method development and validation. Even 
with this, presented method showed adequate performances in analysing roasted coffee and potato 
chips. 

4.  Conclusion 
Presented method for quantitative determination of acrylamide in roasted coffee and potato chips is fit 
for purposes of self-control in food industry as well as regulatory controls carried out by the 
governmental agencies. Performance characteristics of the method are compliant with criteria for 
analytical methods validation. Low solvent consumption, lack of derivatization, overall low cost of 
analysis and very high sample throughput in both preparation and analysis steps are key benefits of 
applying such method in order to protect consumers from high exposure to acrylamide in food. 
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Abstract. The level of quality that a product offers to consumers is a fundamental aspect of 
competition in many markets. Consumers' confidence in the safety and quality of foods they 
buy and consume is a significant support to the economic development of production 
organizations of this type, and therefore the overall economic development. Consumer 
concerns about food safety as well as the globalization of food production have also led to the 
existence of a global internationally linked food production and distribution system. The 
necessity demanded by the consumer population to provide safe food with consistent quality at 
an attractive price imposes a choice of an appropriate quality assurance model in accordance 
with the specific properties of the product and the production processes. Modern trends, 
especially for the last ten years in quality assurance within specific production, such as the 
food industry, have marked the trend of hyperproduction and a number of production and 
safety standards, as well as a change of approach in the certification process of organizations 
according to one or more standards. This can be an additional source of costs for organizations, 
and can burden the food business operator`s budget in order to ensure their consistent 
application and maintenance. Quality assurance (QA) standards are considered to be a proven 
mechanism for delivering quality of product. 

1. Introduction 
Generally speaking, food quality is a rather heterogeneous term because it is directly related to the 
individual perception of the consumer (end-user). Quality of goods is defined as a three-dimensional 
category consisting of: search, experience and credence [1]. 
 The dimension of search is reflected by the buyer’s individual perception of quality at the place of 
purchase using prior knowledge. The dimension of experience is characteristic in the period after the 
product has been purchased (after consuming the product and registering its taste and sensory 
properties). The third dimension (credence) of food quality can be regarded as in the case of an 
average consumer who rarely or never subjectively perceives the quality of the product, but they buy it 
because they gathered information from others – for example that organic food is healthy. The 
person’s judgment on the quality of the product is, in fact, made by others [2,3]. 
 As a matter of fact, food safety is an important issue that affects anyone who consumes food. Food 
safety could be classified as a new component of overall product quality and can make it into the third 
dimension of food quality. Attributes of the third dimension are characterized by a greater need for 
information about the product [4]. 
 Some consumers are willing to pay marginally higher prices for quality assurance and hence 
reduced risk in food, especially during periods of safety concern [5]. 

http://creativecommons.org/licenses/by/3.0
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 Food Assurance Schemes are generally run as product certification schemes and use regular 
independent inspections to check that participants are meeting specific scheme standards. The scope of 
assured food schemes covers both primary production and processes covering the rest of the food 
chain as far as retail sale. 
 
2. Consumers perception of food quality and public interest in safe food 
Whereas in the first seven decades of the 20th century, consumers were interested in quantity and 
mainly sensory aspects of meat quality, the focus of their interest was later shifted to a comprehensive 
view of quality and especially to safety. Safe food has to be nutritious, and low in chemical 
contaminants and microbial counts. In order to enforce this among all the participants in the food 
chain, authenticity and traceability systems from farm to fork, including feed manufacturers, are 
required nowadays by directives and laws. Labelling systems or even further advanced nutrition and 
health claims have been introduced [6]. 
 Consuming food, certainly, has great implications to human health. However, the importance 
between mutual relationships of certain groups of food-related risks is less clear. According to Bunčić 
[7], the confusion regarding this issue, often presented not only in the media, is greatly contributed to 
by the disagreement between the opinions of experts (based on research data) and perceptions of 
consumers (laymen). In a study conducted in the United Kingdom, food experts believed that wrong 
nutrition causes foodborne illness that can have a lethal outcome, whereas, contrary to that, consumer 
surveys show that approximately 50% of the population consider pesticides and additives as the 
greatest food hazards, and about 40% think that those are genetically modified ingredients. 
 A number of authors have dealt with the question of what really represents the quality of food 
when considered and applied to food supply chains. There are different interpretations about the 
general definition of quality [8,9,10]. From the large quantity of literature in regard to this issue, some 
commonly used food quality parameters have been identified (table 1). 
 

Table 1. Commonly used food quality parameters [11]. 

Quality Aspect Description 
production method traditional, ecologically acceptable 

production place regional or locally recognized product 
traceability fully traceable origin and production steps 

characteristics of raw 
materials and 

authenticity 
consumer recognition and standard quality they are used to 

food safety 
confidence in the safety of processes and technology of  
production, packaging, labelling, storage and distribution 

nutritional properties provides favourable nutritional properties and proper nutrition 

sensory properties 
appearance, freshness, texture, colour, smell, taste, consistency, appearance 
of the package, way of presentation 

functional properties food fulfils the intended purpose 
biological value food has properties that have a beneficial effect on the healthy life style 

 
2.1. Definition of meat quality 
The annual surveys conducted to collect data about the expectations and needs of consumers in 
supermarkets show that the main driving force for the purchase of fresh beef is the “taste” of meat. 
The taste ranks in first place, as a factor that is defined as “very important” when people make buying 
decisions. Holding second-, third- and fourth-ranked places as other important factors are: nutritional 
properties, safety and price, respectively [12,13]. This quality parameter (taste) is often called 
“tenderness” of meat, i.e. gauging how easily it is chewed or cut. Tenderness is a desirable property, as 
tender meat is softer, easier to chew, and generally more palatable. 
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 The basic message is that the consumer wants to pay more for desirable taste. The taste is a 
measure of consumer satisfaction in food. Meat producers who want to be guided by their customer’s 
demands must look at all the factors affecting the taste of their products [14]. 
 
3. Accredited product certification – the way to confirm and communicate quality of the product 
Quality assurance (QA) standards are considered to be a proven mechanism for delivering quality of 
product and service [15]. 
 The emerging effort to provide higher food safety and food quality has led to stricter safety 
specifications and a considerably increased number of quality assurance schemes both in an 
international and European Union (EU) level [16]. Beyond the usefulness of these quality assurance 
schemes to the consumers, the aspect of “quality” has also been accepted as an important ingredient of 
marketing, which offers producers a great opportunity to differentiate themselves in the market and 
add value to their products [17]. 
 Production standards are set by the assurance scheme and vary across different schemes, generally 
covering food safety and traceability, animal welfare and environmental protection. Members of a 
particular scheme can use the scheme’s logo on their produce, and/or use a specific claim, to advertise 
to consumers that the product has been produced to these standards [18]. 
 The “Q Mark” for food products is owned by the scheme owner. The producer who wishes to use 
this mark on his product is required to obtain formal approval from the scheme owner for the use of 
the mark only after they have been assessed to be compliant to all the scheme requirements by the 
certification body (CB). 
 The International Accreditation Forum (IAF) and International Laboratory Accreditation 
Cooperation (ILAC) work constantly to maintain a high level in credible certification which is 
increasingly essential to world trade. This cannot be achieved without the added credibility of 
accredited certifications. Many mainstream product certification schemes (in the food sector) now 
have standards that are significantly above the legal minimum [18]. 
 Nowadays, conventional-plus food products are increasingly available on the food market. These 
are conventional food products that communicate a specific attribute that also applies to corresponding 
organic products. Thus, conventional-plus products can be considered as products placed between 
organic and conventional products. Given this overlap with respect to specific attributes, conventional-
plus products could compete with organic products. In particular, consumers who occasionally buy 
organic food might be interested in conventional-plus products [19]. 
 Unlike existing certification schemes in different production sectors which, as a rule, only confirm 
that the product complies with regulations, there is an idea to develop specific certification schemes 
and certification procedures of foodstuffs in accordance with EN ISO/IEC 17065:2012. The scheme 
must be able to present the ways, if any, the scheme standards exceed the legal minimum. 
 The prerequisite for approval of the certification bodies by the scheme owner are accreditation by 
the National Accreditation Board for Certification Bodies (NBCB) providing accreditation to 
Certification Bodies based on assessment of their competence as per the Board’s criteria and in 
accordance with International Standards and Guidelines.  
 These schemes are conceived as a voluntary product certification and are intended to enable the 
confirmation and communication of the qualitative characteristics of a particular product that in some 
way represent a comparative advantage on the market. In short, do you think your product has 
something that separates it from others on the shelf, and you want it, independently confirmed, to be 
communicated to customers. The steps for such a certification procedure should be: defining 
specifications, validation, certification, communication and surveillance. The certification mark (on 
the basis of the certified characteristics) is applied to the product and directly communicates the 
quality to the buyer. 
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4. Conclusion 
Accredited product certification is a logical supplement to the existing certification and food assurance 
systems. The success depends on a lot, but mostly on how much quality surrounds us. If quality 
management and assurance systems produce what they need, i.e. quality, then there is no remaining 
work to be done. 
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Abstract. The goal of this study was to explore attitudes and habits of Serbian preschool and 
school children in consumption of meat products, milk and milk products, eggs and egg 
products and honey and bee products. The survey was conducted on a sample of 227 children, 
divided into three different age groups: preschool (ages 4-6), primary school I-IV grade (ages 
7-11) and primary school V-VIII grade (ages 12-15). The results showed that all examined 
groups of children consumed meat products, milk and milk products, eggs and egg products, 
and honey and  bee products. In all groups of children, the most frequently consumed food 
(among our food category choices) was dried ham (consumed by 19.64% of preschool 
children; 23.75% of schoolchildren from I-IV grade; 19.74% of schoolchildren from V-VIII 
grade). Fewer preschool children consumed sterilized milk compared to children of school age. 
The results showed that in all three groups of children, the most commonly consumed milk 
products were yoghurt (from 12.20 to 15.29% of children consumed these) and sour cream 
(from 11.57 to 12.74% of children consumed this), while kefir was the least-consumed product. 
In addition, there was no difference in consumption of boiled or fried eggs in the examined 
groups of children, while the consumption of egg products (mayonnaise) was higher in the 
group of preschool children than in the group of schoolchildren from V-VIII grade. Preschool 
children consumed honey 14.99% more often than schoolchildren from I-IV grade, and 14.49% 
more often than did schoolchildren from grade V-VIII. 
 

1.  Introduction 
In the process of healthy physiological and psychological development of a person, the period of youth 
is very important. Children’s eating habits are influenced by numerous social and individual factors. 
Improper eating behaviour in children and youths can cause numerous health complications that 
manifest themselves in adulthood [1]. The choice of food, its classification, and the methods of 
obtaining, storing and serving food is a cultural phenomenon [2]. Food preferences play a central role 
in food choices and consumption, and can be described as general predisposition for a particular food, 
expressed by degree of liking [3,11]. Food promotion has an effect on children’s preferences, purchase 
behaviour and consumption of food categories, as well as consumption of specific brands within food 
categories [4].  

Due to this complexity of eating behaviour, it is difficult to predict a child’s eating behaviour 
patterns and preferences, or to precisely define the causes of a certain form of behaviour. 
Understanding the various factors that influence children’s eating behaviour is the first step in forming 
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effective interventions intended to improve the eating habits of children and young people 
(adolescents) [5].  

The purpose of this paper was to provide information about Serbian preschool and school 
children’s most consumed foods among meat products, milk and milk products, eggs and egg products 
and honey and bee products. 

2.  Materials and Methods 
The sample frame for this research consisted of 227 preschool children and primary schoolchildren, 
from one Belgrade municipality, who participated in the survey. Children were of three different age 
groups: preschool children (ages 4-6), primary schoolchildren I-IV grade (ages 7-11) and primary 
schoolchildren V-VIII grade (ages 12-15). Convenience sampling was used, and the questionnaire was 
distributed to all children who agreed to participate after they had been informed about the goals of the 
research. The questionnaire consisted of the following groups of questions on children’s consumption 
habits for meat products, milk and milk products, egg and egg products and honey and bee products. 
The questionnaire was distributed among respondents, self-administrated, and was collected after three 
days. 
 
Statistical analysis 
Statistical analysis of the results was performed using GraphPad Prism software version 6.00 for 
Windows (GraphPad Software, San Diego, CA, USA, www.graphpad.com). All data were expressed 
in percentages and the differences were tested by Chi-square test. Values of P< 0.05 were considered 
statistically significant. 

3.  Results  
Answers to the question, “Do you eat meat products, milk and milk products, eggs and egg products or 
honey and bee products?” (Table 1), showed that there was no difference between the different age 
groups of surveyed children, and that most of the children reported they ate meat products, milk, and 
milk products, eggs and egg products, and honey and honey products (P>0.05). All children of 
preschool age consumed milk and milk products (Table 1). Results related to consumption of honey 
showed that fewer older schoolchildren from V-VIII grade consumed honey than the younger groups 
(10.51% and 9.92% fewer, respectively, than preschool children and schoolchildren from I-IV grade). 

Table 1. Results (% of yes answers/% of no answers) of different age groups of children in response 
to the survey question, “Do you eat meat products, milk and milk products, eggs and egg products or 

honey and bee products?” 

Group Meat Products 
Milk and dairy 

products 
Eggs and egg 

products 
Honey and bee 

products 

Preschool children 92.31/7.69 100.00/0.00 94.59/5.41 90.00/10.00 

Schoolchildren grade 
I-IV 

95.92/4.08 94.51/5.49 92.54/7.46 89.41/10.59 

Schoolchildren grade 
IV-VIII 

93.67/6.33 97.40/2.60 93.06/6.94 79.49/20.51 

P-value 0.746 0.278 0.922 0.149 

The results in Table 2 showed that there was no difference between the tested groups of children in 
frequency of yes/no responses related to the consumption of different meat products, with the 
exception of other products (bacon, chicken breast and pancetta), where there was a significant 
difference between preschool children and schoolchildren (P<0.05). Among meat and meat products, 
the group of preschool children most frequently consumed dried ham (19.64% of all preschool 
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children ate this), and then in descending order, the following meats: cooked sausages-frankfurters, 
cured ham, Čajna fermented sausages, pate, smoked pork neck, Kulen, grilled sausages, other products 
and mortadella (1.19%). Altogether, 23.75% of schoolchildren from I-IV grade consumed dried ham, 
but fewer children consumed mortadella and other products (2.01% and 0.67%, respectively). Children 
of school age from V-VIII grade most frequently consumed dried ham and Čajna fermented sausages 
(19.74% and 15.46% of children consumed these products, respectively), and the least frequently, 
mortadella and other products (they were consumed by only 2.96% and 0.33% of these children, 
respectively).  

Table 2. Consumption patterns (% of children reporting they consumed a food) among different age 
groups of children, distributed by the predominantly consumed meat products 

Meat products 
Preschool 
children 

School children 
I-IV grade 

School children 
V-VIII grade 

P-value 

Cured ham 14.29 8.70 8.55 0.093 
Dried ham 19.64 23.75 19.74 0.409 
Fermented sausages-
Čajna 

13.69 13.38 15.46 0.743 

Fermented sausages-
Kulen 

5.36 7.36 8.55 0.446 

Smoked pork neck 9.52 9.70 9.21 0.979 
Mortadella 1.19 2.01 2.96 0.436 
Cooked 
sausages/frankfurters 

15.48 14.38 12.17 0.559 

Pate 11.31 13.71 13.82 0.708 
Grilled sausage 4.76 6.35 9.21 0.159 
Other (bacon, 
prosciutto, chicken 
breast) 

4.76a 0.67b 0.33b 0.0002 

a,b Within rows, numbers with different lower-case letters are significantly different (P<0.05). 

The results in Table 3 show that fewer preschool children consumed sterilized milk compared to 
children of school age (P<0.05), while schoolchildren from V-VIII grade liked to consume kefir more 
than preschool and school children from I-IV grade. The results of  all three surveyed groups of 
children showed that they most commonly consumed yogurt (from 12.20% to 15.29% of all children 
consumed this) and sour cream (from 11.57% to 12.74%) and least commonly drank kefir (1.27% to 
3.36%). 

Table 3. Consumption patterns (% of children reporting they consumed a food) among different age 
groups of children, distributed by predominantly consumed milk and dairy products 

Milk and dairy 
products 

Preschool 
School children 

I-IV grade 
School children 
 V-VIII grade 

P value 

Milk pasteurized 8.28 8.54 8.02 0.954 
Milk sterilized 1.59a 4.36b 5.78b 0.014 
Yogurt 15.29 14.80 12.50 0.425 
Fruit flavoured yogurt 11.78 7.97 9.89 0.183 
Fermented milk 10.19 9.49 7.65 0.388 
Kefir 1.27a 1.33a 3.36b 0.036 
Sour cream  12.74 12.71 11.57 0.816 
Raw cheese 8.92 9.68 8.96 0.900 
Caciocavallo 7.32 9.49 10.45 0.318 
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Cream cheese 5.73 5.69 5.78 0.998 
Kaymak 6.05 5.69 5.41 0.926 
Butter 6.05 4.36 4.29 0.448 
Margarine 4.78 5.88 6.34 0.639 
a,b Within rows, numbers with different lower-case letters are significantly different (P<0.05). 

There was no difference in consumption of boiled and fried eggs in the examined groups of 
children, while the consumption of egg products (mayonnaise) was significantly more common in the 
group of preschool children compared to the schoolchildren group of V-VIII grade (Table 4).  

Table 4. Consumption patterns (% of children reporting they consumed a food) among different age 
groups of children, distributed by predominantly consumed eggs and egg products 

Eggs and egg products Preschool 
School children 

I-IV grade 
School children 

V-VIII grade 
P-value 

Boiled eggs 46.58 43.84 51.26 0.489 
Fried eggs 43.84 52.38 47.90 0.495 
Egg products 9.59a 3.97a,b 0.84b 0.012 
a,b Within rows, numbers with different lower-case letters are significantly different (P<0.05). 

There was no difference between the tested groups of children in their consumption of honey, 
propolis and royal jelly. Altogether, 14.99% more preschool children consumed honey than did 
schoolchildren I-IV grade, and 14.49% more preschoolers consumed honey compared to children of 
grade V-VIII. In addition, the results showed that school-aged children were more likely consumers of 
propolis than preschool children (P>0.05).  

Table 5. Consumption patterns (% of children reporting they consumed a food) among different age 
groups of children, distributed by predominantly consumed honey and bee products 

Honey and bee 
products 

Preschool 
School children 

I-IV grade 
School children 

V-VIII grade 
P-value 

Honey 63.93 48.94 49.44 0.135 
Propolis 19.67 36.17 31.46 0.089 
Royal jelly  16.39 14.89 19.10 0.745 

Table 6. Eating frequency of food groups (%) reported by different age groups of children 

Food groups 
Possible 
answer 

Preschool 
School 

children I-IV 
grade 

School 
children IV-
VIII grade 

P-value 

Meat products 

Several times 
per day 

10.00 10.59 10.00 0.990 

Once per day 36.00 42.35 55.00 0.079 
Several times 

per week 
18.00 9.41 6.25 0.094 

Once per week 32.00 36.47 26.25 0.369 
Once per 

month 
4.00 1.18 2.50 0.570 

      
Milk and dairy 

products 
Several times 

per day 
4.17a,b 11.76a 1.35b 0.021 



5

1234567890

59th International Meat Industry Conference MEATCON2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 85 (2017) 012012    doi   :10.1088/1755-1315/85/1/012012

 
 
 
 
 
 

Once per day 81.25a,b 69.41a 91.89b 0.002 
Several times 

per week 
14.58b 1.18a 1.35a 0.0004 

Once per week 0.00a 14.12b 5.41a 0.009 
Once per 

month 
0.00 3.53 0.00 - 

      

Eggs 

Several times 
per day 

2.33 5.71 7.25 0.536 

Once per day 18.60 32.86 34.78 0.160 
Several times 

per week 
34.88a 4.29b 7.25b <0.0001 

Once per week 44.19 47.14 43.48 0.902 
Once per 

month 
0.00 10.00 7.25 0.111 

      

Honey 

Several times 
per day 

2.22 5.33 0.00 0.138 

Once per day 26.67 36.00 35.29 0.535 
Several times 

per week 
22.22a 6.67b 0.00b <0.0001 

Once per week 40.00 30.67 32.35 0.559 
Once per 

month 
8.89a 21.33a,b 32.35b 0.013 

a,b Within rows, numbers with different lower-case letters are significantly different (P<0.05). 

The survey results show that meat and meat products and milk and dairy products are commonly 
consumed once a day (from 36% to 55% and from 91.89% to 69.41%, respectively) in all three 
examined age groups of children.  

A greater percentage of preschool children compared with older children consumed eggs and honey 
several times per week (P<0.05), while schoolchildren from V-VIII grade were more likely than 
younger children to consume honey once per month. 

4.  Discussion  
This survey of dietary attitudes and habits of Serbian children aged 4-15 indicates that meat products 
featured once per day in their diets. According to Weichselbaum and Buttriss [6], the contribution of 
food group intakes in the diets of children aged 4-18 were: meat products 29% (aged 4-10) and 38% 
(aged 11-18); milk and milk products 21% (aged 4-10) and 14% (aged 11-18). In our research, the 
most frequently consumed meat, among the entire meat and meat products group, was dried ham. 
Djordjević et al. found that meat products such as dried ham, Čajna fermented sausages etc. have an 
acceptable taste and appearance for most children [10], as does mayonnaise which they used in 
preparing sandwiches. According to Baltic and Boskovic [8], meat has a significant role for 
maintenance of proper growth, development and health of children. Children and teenagers need to eat 
well and be active to get the nutrients they need for growth and to reach their full developmental 
potential without the problem of excessive weight grain [7]. 

Among the products in our research, milk is one of the most complete foods, providing the body 
with most of the nutrients growing children need. We found that all children of preschool age 
consumed milk and milk products. Foods in this group are also a good source of B vitamins, such as 
riboflavin, B12, vitamin A and protein. During growth in childhood and into teenage years, a good 
supply of calcium is needed to build healthy bones and teeth. At puberty, the onset of which can begin 
in children as young as 9 years of age, or can occur in children as old as 18, five servings of milk and 
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yoghurt daily is necessary to meet calcium needs [7]. Among Serbian children, yogurt is the most 
commonly consumed milk product because it is the most common milk product on the market that is 
sold in small, ready-to-use packages. Older children often consume kefir, because of the characteristic 
flavour, to which younger children are not accustomed. In addition, the higher consumption of 
pasteurized milk compared to sterilized milk among consumers in Serbia can be explained by its lower 
prices. 

Our results related to consumption of honey showed that 10.51% fewer schoolchildren from V-VIII 
grade consumed honey than did preschool children and 9.92% fewer of the oldest children ate honey 
than did schoolchildren from I-IV grade. According to Karabasil et al. [9], nutritional and health 
aspects of the consumption of honey and bee products by children aged 4-15 is significant, because of 
its important influence of preservation of the immune system. The percentage of children who 
consumed eggs and egg products, and honey and bee products, was significantly different between 
preschool and school aged children from V-VIII grade (school aged children consume these foods less 
frequently). Eggs are a good source of energy and vital fats and minerals for breakfast, but should be 
limited to no more than seven per week [7]. 

In addition, we speculate that among children in Serbia, most food products are likely preferred 
consumer choices because of their sensory characteristics, such as mild taste and soft consistency 
(pancetta, Čajna sausages, frankfurter sausages, yoghurt and sour cream). An additional factor in 
favour of these products is their availability on the local market at mostly moderate prices. 

5.  Conclusion 
In conclusion, children aged 4-15 years in Serbia are frequent consumers of foods of animal origin, 
which is necessary for their proper growth and development. It is very important that this trend 
continue, of course, as an integral part of a balanced diet, in spite of the negative image and context of 
meat and meat products in recent years. When it comes to preschool children, particular attention 
should be paid to parents’ education, especially about the frequency with which their children 
consume foods of animal origin.  
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Abstract. Common carp is the most important commercial fish species in Serbia. This fish is a 
valuable source of nutritive components and plays a role in healthy human nutrition. This 
review evaluates the nutritive quality of common carp including proximate and fatty acid 
compositions as well as their effects on human health. The fat content and fatty acid 
composition of carp have been shown to vary due to different environmental factors and 
particularly due to nutrition. Technology of production and composition of planktonic and 
benthic organisms in fish ponds have been recognised as significant factors affecting carp meat 
quality and desirable chemical and fatty acid composition. Carp meat quality but also 
production parameters and fish health are positively influenced by a balanced feed mixture. 
Due to the low content of saturated fatty acids and cholesterol plus high levels of unsaturated 
fatty acids, common carp meat consumption could be linked with reduced risk of different 
heart diseases in humans. Also, fish proteins can have many beneficial roles in the preservation 
of human health. This paper emphasises the importance of consumption of common carp in 
order to prevent many diseases and preserve human health. 

1. Introduction 
Aquaculture has been one of the fastest growing branches of animal protein production during recent 
decades, and common carp is one of the most frequently farmed fish worldwide and also in Central 
and Eastern Europe. It is a highly esteemed fish species due to numerous desirable traits such as fast 
growth rate, good feed conversion ratio of both natural and supplementary feeds and relative 
resistance to poor environmental conditions and diseases. Common carp is the most widespread fish 
species on the market in Serbia and undoubtedly is a valuable nutritional source of proteins, lipids and 
other nutritive components which play many important roles in human health. Besides that, meat of 
common carp possesses a specific flavour and is easily digested. Having that in mind, information 
regarding factors affecting the quality of common carp meat is very necessary. The proximate 
composition and fatty acid composition of common carp are influenced by age, season, different 
environmental factors, culture systems and diet. The aim of this review is to evaluate the nutritive 
quality of common carp. We also highlight the importance of consuming common carp in order to 
promote human health. 
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2. Factors which affect nutritional composition of common carp 
The fat content and fatty acid composition of different fish species vary significantly [1-4], even 
among fish belonging to the same family. The other factors which affect nutritional composition of 
common carp meat are environmental factors, structure of natural food present in fish ponds, cultural 
system including production technology and particularly, diet [1,5-7]. The use of formulated feed 
which contained ingredients of both animal and vegetable origin showed many positive effects on fish 
health, conditions, production parameters and meat quality [3,5,8]. The development of better feeding 
practice is important prerequisite in sustainable common carp production and enables the improvement 
of growth performance and chemical and fatty acid composition of carp. 

3. The diet effect on meat quality of common carp  
A variety of feeds are provided for carp raised in aquaculture, and the feed type mainly depends on the 
culture system. Traditional culture systems for carp are the extensive culture system, in which only the 
natural food available in the fish ponds is used, and the semi-intensive culture system, in which, to 
supplement natural food, cereals such as corn are used as additional feed. Also, simple mixtures of 
agricultural products which are easily accessible and cheap are often used. These are rice, wheat, 
barley, peas and defatted meals of oil-producing plants such as soya bean, sunflower, cotton or 
rapeseed meal. Undoubtedly, the quantity of feed given as well as the percentage of each component 
in the mixture varies considerably. 

The main problem in traditional culture systems is that addition of corn frequently leads to 
increased accumulation of fat in the meat of common carp and especially around the internal organs 
[5,9]. That fact further leads to the prejudice that common carp is a very fatty fish. Examination of 
common carp muscle tissues from fish obtained from different culture systems showed that this really 
is prejudice, and that the accumulation of lipids in common carp meat is linked with the culture system 
and, consequently, with nutrition [5,7] (table 1). 

During recent decades, due to the expansion and intensification of carp rearing, traditional feed 
consisting of locally accessible components has been replaced by industrially-produced feed which 
contains protein components of animal or plant origin. Such feed, used together with the exploitation 
of natural food, has become more common in the carp facilities in Serbia. The main result has been 
improvement of meat quality, particularly in terms of lowering the fat content and improving the fatty 
acid composition in comparison with the traditional semi-intensive system [4,5,9]. The importance of 
adequate preparation of fish ponds in these culture systems, which achieves a desirable structure of 
plankton and benthic organisms was described earlier [1]; these organisms are a significant source of 
nutritive components for carp [8]. Plankton and benthos contain high concentrations of n-3 
polyunsaturated fatty acids (n-3 PUFA), including eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DHA) [8,10].  

The lipid content of common carp fillets can differ greatly, from 6.3 to 15% [3] and from 1 to 13% 
[11,12] in commercially-sized fish, mainly depending on diet. Furthermore, the high average lipid 
content in carp fillets was probably the result of the fact that the energy-protein ratio in the fish diet 
was not well balanced [3]. It is known that feed rich in saccharides leads to an increased percentage of 
lipids in fish and a simultaneous decrease in the percentage of protein. Unsuitably high levels of 
carbohydrates and fats in common carp feed negatively affects the meat quality of this fish. Common 
carp deposits fats mainly around the organs, but also stores it in muscular tissue [13]. When carp were 
fed only natural food from their fish pond, their fillets contained only 1.76% fat, while fillets of carp 
fed supplementary maize contained 13.26% fat; fillets of carp fed supplementary wheat contained 
11.22% fat and fillets of carp fed supplementary triticale contained 9.72% fat [14]. 

The fatty acid composition of fish meat corresponds to that of the feed which is ingested. The 
relatively undesirable composition of fatty acid profile in the lipids of common carp reported earlier 
[3] is connected with the diet. Also, the ratio of n-3/n-6 fatty acids in common carp varied by feed [5]. 
Carp grown on natural food had a high content of both n-6 and n-3 fatty acids [1,15]. Supplementary 
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feeding with grains leads to reduced amounts of essential fatty acids in fish meat, and this is due to the 
lower proportion of natural food in the diet of the carp which received additional grains. Moreover, the 
PUFA/SFA ratio was the most favourable in the carp fed complete feed mixtures and the least in those 
fish fed with maize and wheat (table 1) [5]. The recommended ratio of PUFA/SFA, which is an 
important indicator of the quality of fish fat, should be above 0.4 [16]. Since some meats of 
terrestrially-farmed animals naturally have a PUFA/SFA ratio of around 0.1 [16], meat has been 
implicated in causing the imbalanced fatty acid intake of today’s consumers. The ratio of unsaturated 
fatty acids and SFA (USFA/SFA) is also of great importance for assessing the quality of fats. It is 
assumed that the favourable ratio is above 0.35 [17]. Generally, fish fats contain relatively low 
percentages of SFA, less than 30% (table 1), with the exception of a few species [18]. Oleic acid was 
reported as the dominant MUFA in common carp (table 1) [3-6,18]. This fatty acid also plays an 
important role in the prevention of cardiovascular diseases [19]. High levels of oleic acid, arachidonic 
acid and palmitoleic acid are characteristic for fat of freshwater fish [3-6,18] (table 1). 

Table 1. Content of protein (%), fat (%) and selected fatty acids (%) of total fatty acids) of the muscle 
of common carp fed different diets, adapted from Ćirković et al. [1] and Ljubojević et al. [4,5,6].  

 Wild carp 
caught in 
Danube  

Carp reared in 
polyculture on 
natural food 

Carp reared in 
monoculture 

on natural 
food 

Carp fed 
supplementary 

grains (80% 
corn and 20% 

wheat) 

Carp fed feed 
mixtures in 

earthen ponds 

Carp fed feed 
mixtures in 

cages 

Protein content 16.69 16.21 15.4 15.59 17.1 16.23 
Fat content 7.13 2.42 2.07 6.85 3.19 9.79 
C16:0 19.4 18.35 20.99 17.31 16.89 12.52 
C18:1, cis-9 30.2 19.39 32.58 51.35 34.45 33.55 
C18:2, n-6 8.79 10.29 13.49 8.7 22.57 38.43 
C18:3, n-3 2.71 5.96 4.59 0.61 2.12 3.16 
C20:4, n-6 2.42 6.21 2.79 0.73 1.44 1.13 
C20:5, n-3 1.36 4.05 1.17 0.2 0.93 0.20 
C22:6, n-3 0.87 5.75 2.22 0.25 1.86 0.43 
SFAa 27.59 27.15 28.82 24.19 22.4 17.18 
MUFAb 52.94 28.79 43.49 64.31 45.12 37.25 
PUFAc 19.7 44.08 27.69 11.53 32.48 45.46 
n-6 13.73 22.96 17.93 10.24 26.01 41.56 
n-3 5.97 21.12 9.75 1.29 6.48 4.00 
n-3/n-6 0.44 0.92 0.54 0.13 0.25 0.1 
n-6/n-3 2.30 1.09 1.84 7.99 4.02 10.79 
PUFA/SFA 0.71 1.62 0.64 0.18 0.72 2.65 
USFAd/SFA 2.63 2.68 0.96 0.48 1.45 4.82 
a SFA – saturated fatty acids. 
b MUFA – monounsaturated fatty acids. 
c PUFA – polyunsaturated fatty acids. 
d USFA – unsaturated fatty acids. 

4. Consumer preference regarding meat quality of common carp 
In some countries (Asia, Israel, Central and Eastern Europe), common carp is a highly esteemed fish 
species, and carp meat is highly regarded due to its specific savoury flavour and its high digestibility. 
In contrast, in other parts of the world, especially in North America and Australia, this species is 
considered as a weed-inhabiting fish that is not desirable for human consumption. However, many 
dishes can be prepared using this fish, undoubtedly confirming the gastronomic quality of carp [2].  
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Common carp meat contains highly valuable proteins, fats and other nutritive substances. It is a 
medium fatty fish and stores most of its fats as adipose tissue in the abdominal wall [11]. The amount 
of fat in muscle tissue contributes to its sensory properties, including organoleptic properties, texture 
and flavour. Meat which is rich in fat is juicy, while lean tissue is dry and often perceived as thickly 
fibrous [20]. The fat content in fish can sometimes exceed the protein content [21]. Such excessive fat 
content (>10%) has a negative effect on the sensory properties of common carp meat, which becomes 
soapy. This can occur when fish are cultured in earthen ponds where the amount of natural food is 
insufficient and a lot of grain is given as a supplementary feed [21]. On the other hand, an excessively 
low fat content in carp muscle has a negative impact on the sensory properties, and also consumption 
of so lean a fish reduces the intake of fatty acids in the human diet. 

5. Cholesterol content in common carp and other fish  
The amount of total cholesterol was 48.9 mg/100 g in one-year old carp in April and 54.3 mg/100 g in 
the same aged fish harvested in June [22]. The cholesterol content in female and male carp fillets was 
69.4 mg/100g to 77.6 mg/100g [23], and was 55.8 mg/100g in two-year-old carp [1]. The total 
cholesterol content of common carp was 47mg/100g [24], and cholesterol in carp muscle varied 
considerably, from 38 to 120 mg/100g, depending on fish breed and age, husbandry system, and 
harvest season [25]. In other literature on cholesterol in fish, the cholesterol content of many 
freshwater fish species ranged between 40.99 and 52.79 mg/100g [26], while the total cholesterol in 
freshwater fish is lower than in marine fish [27]. In humans, daily intake of cholesterol is currently 
recommended not to exceed 300 mg [4]. 

6. The beneficial effects of common carp in human diet  
Common carp should be included in human diets for at least three reasons: as a general source of 
nutritional components; as low fat, high protein food; and as source of PUFA. In carp meat, all 
nutrients and especially essential fatty acids are present in optimum quantities for human needs 
[1,3,5]. Consumption of n-3 PUFA from fish meat has positive effects on human health, especially in 
the prevention of heart attack, stroke, atherosclerosis and high blood pressure. Furthermore, there are 
positive effects on the circulatory system, the process of remembering and learning, reproductive 
system and photoreceptors [28].  

It is well known that fish are the most important source of n-3 long-chain fatty acids and highly 
unsaturated fatty acids (n-3 HUFA) in human diets. A favourable n-3/n-6 ratio has a positive impact 
on human health [28]. There are various recommendations from world organizations related to fish 
consumption and intake of n-3 fatty acids, as well as of appropriate ratios of different groups of fatty 
acids. The optimal range of n-3/n-6 ratio for human health recommended by WHO/FAO is 0.5 to 0.25 
[28]. There are various data regarding the n-3/n-6 ratio of common carp which varies between 0.8 and 
2.4 [29]. Other studies reported this ratio is about 0.5 [5,25], or about 0.2 [5,22] (table 1). 

The importance of fats and fatty acids from common carp for human health is highlighted in this 
review, but it is impossible to explain the beneficial effects of fish meat on the human health only in 
terms of fats, because the edible parts of fish include also muscle tissue, which provides a many other 
nutritional ingredients, such as proteins. Fish protein, in relation to casein, lowered the level of blood 
cholesterol in laboratory animals, showed anti-hypertensive properties and other beneficial effects 
related to cardiovascular diseases as well as showed favourable effects against obesity [30,31]. The 
percentage of essential amino acids in fish meat is very high, especially, for example, tryptophan, the 
precursor of serotonin that likely contributes to feelings of well-being in humans [31]. 

7. Conclusion 
Common carp meat is an important source of nutrients in human nutrition. It provides not only n-3 
fatty acids but a variety of other nutrients that are important for health. The chemical and fatty acid 
composition in carp meat varies significantly, which is due to different nutrition and environmental 
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factors. Overall, however, data on the nutritional composition of common carp meat highlight the 
relative value of this food in balanced healthy human nutrition. 
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Abstract. In this study, the parallel examinations on fatty acid profiles and sensory properties of 

fermented dry sausages are presented. Three types of ku le n  and  sremska sausages were made, 

which varied depending on the percentage of meat and fat derived from different pig breeds: 

autochthonous (Swallow-Belly Mangalitsa and Moravka) and commercial (Swedish Landrace). 

In sausages made from meat of commercial pig breed, the highest cholesterol content was 

detected. However, sausage made from the Mangalitsa pork meat contained higher levels of 

monounsaturated fatty acid (MUFA) and unsaturated fatty acid (USFA), and lower saturated 

fatty acid levels (SFA).The level of polyunsaturated (PUFA) in sausage made of Landrace pork 

meat was significantly higher than levels in other types. These differences between fatty acids 

were mostly deriving by higher total n-6 PUFA content. In a sausage made of Mangulitsa meat, 

the values of atherogenic (IA) and thrombogenic (IT) health lipid indexes are lower. Kulen and 

sremska sausages made from the Mangalitsa pork meat was superior in terms of co lour ,  odour, 

taste, after taste and overall acceptability. This study demonstrate that pig breed have an effect on 

the chemical content, fatty acids profiles and sensory properties of dry fermented sausages. 

1.  Introduction 

In Europe, particularly in Mediterranean region, there is a special interest in autochthonous meat products 

produced from traditional pig breeds extensive way of breeding. Meat and meat products from local pig 

breeds generally have a good public acceptance and positive media image, and they are often considered to 

be better quality, than the meat and meat products from convent ional ,  noble pig breeds and crossbreeds.  

Mangalitsa is a typical representative fat breed of pig, for example, carcass sides are 65-70% fat and 

about 30-35% meat [1]. Unlike the colour of other pig meat, the Mangalitsa pig meat had a darker colour. 

The Mangalitsa fat was whiter and the intramuscular fat content of meat and thickness of back fat was 

considerably greater than fat of noble pig breeds. The lower saturated fatty acid (SFA) content and higher 

proportion of unsaturated fatty acid (USFA) compared with that in meat from other fat pig breeds is 

favorable from a human-nutrition point of view [2, 3]. 

Cholesterol levels in blood depend not only on dietary cholesterol, but also on the amount of fat and 

the fatty acid composition of the diet [4]. The influence of fat on cholesterol content can also be observed 

through the index of atherogenicity (IA) and thrombogenicity (IT), which includes those fatty acids that 

influence the change of cholesterol. Nutritionists advise a reduction in total fat intake, primarily of SFA 

and trans fatty acids, which are associated with an increased risk of cardiovascular disease and some kinds 

of cancers. Moreover, supporting that they reduce their fat intake, nutritionists force consumers to increase 

http://creativecommons.org/licenses/by/3.0
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their intake of polyunsaturated fatty acids (PUFA), specifically n-3 PUFA, on account of n-6 PUFA. The 

PUFA/SFA and n-6/n-3 PUFA ratios have, accordingly, become some of the most significant parameters 

in evaluating the nutritional value and healthfulness of foods [5, 6, 7]. 

However, inline with modern trends directed at revitalizing and advancing traditional food production 

processes, autochthonous meat products made from local breeds are obtaining importance. Moreover, 

numerous studies have been conducted to determine the characteristics of traditional and naturally 

fermented sausages throughout the world [8,9,10]. 

2.  Materials and methods 

2.1.  Animals and Diets 

In this study, thirty mature male pigs, ten of each breed, were included: Swallow-Belly Mangalitsa, 

Moravka and Swedish Landrace. Pigs were housed in an experimental animal house, equipped 

appropriately to meet the requirements of the study, at the Institute for Animal Husbandry, Zemun, 

Serbia. All pigs had access to green forages (pasture, clover) ad libitum, with the addition of a feed 

mixture based on corn and wheat. Animals were stunned, slaughtered and exsanguinated at a local 

slaughterhouse at 105.2 ± 5.0 kg live weight. Meat was processed 24 h after slaughter and cooling. 

2.2.  Sausage Formulation and Processing 

The examined variants of kulen and sremska sausages (Table 1) were manufactured in a processing plant 

of the Institute for Animal Husbandry. Three sausages were taken from each variant for all analyses and 

each analysis was done in duplicate.  

 

Table 1. The percentage of meat originating from specified pig breeds in different types of fermented 

dry sausages  

 

Meat used in the production of kulen sausage contained little fat or connective tissue, being primarily 

meat from the leg, shoulder and some parts of neck and a firm backfat tissue, was also used. Muscle and 

adipose tissue (75:25) was chopped in a cutter (Seydelman K60, Germany) to achieve 10 mm granulation. 

After chopping, the chopped meat was transferred to a mixer and the other ingredients of the filling were 

added: 2.3% table salt, 0.4% saccharose, 0.3% garlic (powder), 0.3% pepper and 0.8% ground sweet and 

hot red paprika. The filling was then firmly stuffed into the natural pig colon casings. Smoking and 

maturation of sausages was carried out in the winter period. The smokehouse temperature ranged from 10 

to 15º C, and humidity from 75 to 90%. Kulen sausages were smoked during the first 4 weeks. 

Subsequently, sausages were transferred to the ripening room at a temperature of 10 to 12º C. The ripening 

was carried out in a drying chamber under controlled conditions (Maurer, Germany). 

The examined variants of sremska sausage were produced on the same day and in an identical manner. 

Meat and fat (85:15) were ground in a cutter (Seydelman K60, Germany) to 8 mm. The same amounts of 

ingredients were added to sausage variants: 2.3% salt, 0.011% NaNO2, 0.3% dextrose, 0.20% garlic and 

0.5% sweet red paprika. The mixture was filled in pig small intestines of around 32 mm diameter. After 

stuffing, the sausages were hung on sticks and the ripening was carried out in a drying chamber under 

controlled conditions (Maurer, Germany). 

 

Pig meat  

different breeds  

Fermented dry sausage types 

Kulen   Sremska sausage 

KM KL KMM SM SL SMM 

Mangalitsa  % 100 - 50 100 - 50 

Moravka % - - 50 - - 50 

Swedish Landrace % - 100 - - 100 - 
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2.3.  Analyses 

2.3.1.  Chemical Analysis. 

The following measurements were taken to analyse the chemical composition of the Kulen sausages 

after 90 days’ maturation: protein, water, total fat, ash, total fatty acid and cholesterol concentrations. 

Chemical composition was determined by the methods defined by the Association of Official Analytical 

Chemists [11]. 

2.3.2.  Extraction of Total Lipids to Determine Fatty Acids. 

To determine the concentration of fatty acids, total lipids were extracted by the rapid extraction method, 

using solvents on the Dionex ASE 200. A homogenized sample, mixed with diatomaceous earth, was 

extracted with a mixture of hexane and isopropanol (60 : 40 v/v) in a 33 mL extraction cell at a 

temperature of 100 ºC and under nitrogen pressure of 10.3 MPa. The extract thus obtained was steamed 

in a nitrogen flow at a temperature of 50 C until dry fat remains were obtained [12]. 

2.3.3.  Determination of Fatty Acids. 

Fatty acids as methyl esters were detected by capillary gas chromatography with a flame ionization 

detector. A predetermined quantity of lipid extracts, obtained by the rapid extraction method, was 

dissolved in tert-butyl methyl ether. Fatty acids were converted to fatty acids methyl esters (FAME) 

with trimethylsulphonium hydroxide, according to the SRPS EN ISO 5509:2007 method. FAMEs were 

analysed with the GC-FID Shimadzu 2010 device (Kyoto, Japan) on a cyanopropyl-aryl column HP-88 

(column length 100, internal diameter 0.25 mm, film thickness 0.20 μm). The injected volume was 1 

μL. Temperatures of the injector and detector were 250 C and 280 C, respectively. Nitrogen was used 

as a carrier gas, 1.33 mL/min, with a split ratio of 1 : 50, while hydrogen and air were used as detector 

gases. The temperature of the column furnace was programmed to range between 120 ºC and 230 ºC. 

The total duration of analysis was 50.5 min. Methyl esters of acids were identified according to their 

retention times, which were compared with those of the mixture of methyl esters of fatty acids in the 

standard Supelco 37 Component FAME Mix [12]. 

From the data on the fatty acid composition, the following were calculated: 

 

1) Index of atherogenicity (IA): indicating the relationship between the sum of the main saturated fatty 

acids and that of the main classes of unsaturated [35, 36].  

The following equation was applied:  

 

IA = 

 

2) Index of thrombogenicity (IT): showing the 

tendency to form clots in the blood vessels. This is defined as the relationship between the pro-

thrombogenetic (saturated) and the anti-thrombogenetic fatty acids (MUFAs, PUFAs-n6 and PUFAs-

n3), [35, 36]. 

The following equation was applied:  

 

    IT = 

2.3.4.  Determination of Cholesterol Content.  

Cholesterol content was measured with a HPLC/PDA on the HPLC Waters 2695 Separations Module, 

with a Waters 2996 Photo Diode Array Detector, as defined by Maraschiello et al.[13]. 

 

 

 

 

[(4 x C14:0) + C16:0 + C18:0] 

[ΣMUFA + ΣPUFA-n6 + ΣPUFA-n3] 

 

[C14:0 + C16:0 + C18:0] 

[0.5 x MUFA + 0.5 x PUFA-n6 + 3 x PUFA-n3+ PUFA-n3/PUFA-n6] 



4

1234567890

59th International Meat Industry Conference MEATCON2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 85 (2017) 012014    doi   :10.1088/1755-1315/85/1/012014

 

 

 

 

 

 

2.3.5.  Sensory Analysis.  

For sensory evaluation of kulen and sremska sausages, quantitative descriptive analysis (QDA) was 

used. The evaluation of sensory properties of sausages were conducted by 10 selected and trained 

professional assessors (three males and seven females with an average age of 34.5 years) with previous 

experience in the evaluation of fermented dry sausages. During testing, one sample of sausage was 

presented at a time and the assessors were asked to rate the following nine attributes of the sausages on 

a numeric-descriptive scale from 1 (extremely unacceptable) to 7 (extremely acceptable): appearance, 

cross-section, colour intensity, odour intensity, taste, consistency, acidity, aftertaste and overall 

acceptability. Samples were taken from the middle of the sausages after 90 days maturation.The 

sausages were cut into pieces of approximately of 5 mm. These samples, individually labeled with three-

digit random numbers, were left for 20 min to reach room temperature. Finally, the samples were served 

at room temperature on white plastic dishes. Evaluations were performed in individual sensory test 

booths, prepared as described in accordance with ISO 6658:2005. The assessors were given unsalted 

crackers and room temperature water to clean the palates and remove residual flavors at the beginning 

of the session and in between samples. White fluorescent light was used during tests. 

2.3.6.  Statistical Analysis. 

Statistical analysis of experimental data was carried out by analysis of variance (ANOVA) (SAS 9.1.3 

software package, 2002–2003). The differences between the different types of sausage were tested using 

Tukey’s test. The effect of sausage type on fatty acids, chemical content and sensory scores was 

determined. 

3.  Results and discussion 

3.1.  Basic Chemical Composition. 

The chemical composition of the different types of kulen and sremska sausages are shown in Table 2. 

The lowest protein content was found in sremska sausage type SLM and the highest in the kulen type 

KL. Kulen and sremska sausages made from the meat of Mangalitsa and Moravka pig breeds (type KM 

and SM) had the lowest moisture content, plus the highest fat content, and these were significantly 

different in comparison with other types of sausages (P<0.001). Some studies have indicated the 

occurrence of lower protein content in Mangalitsa meat (m. longissimus), compared to the meat of 

commercial pig breeds [1, 14,15], thus partly explaining the slightly lower protein content in the kulen 

types KM and all types of sremska sausages  in the current study. Low moisture content is typical of 

similar products from Greece, Hungary and Croatia [16], and is a consequence of not only drying, but 

also of a relatively high fat content. In our study, the ash content of the kulen and sremska sausages 

varied among the all types of sausages (P<0.001). The lowest ash content was found in sremska sausage 

type SM, and the highest in the sremska type SL. The established pH values ranged from 4.72 (sremska 

type SL) to 5.25 (sremska type SM) (P<0.001). At the results of studies Vuković et al.[17], beginning 

of the ripening process of traditional kulen, pH values range from 5.6 to 5.8, which correspond to the 

pH value of cooled pork meat, and subsequently they start to decline. Certainly, the sugars (fructose, 

glucose, sucrose) which are natural ingredients of the paprika spice, have a major impact on the decline 

of pH value in ripening kulen. According to literature data [18], ground paprika contains approximately 

15% of sugars, whereas the total sugar content in locally-produced ground paprika is higher and amounts 

to approximately 25%.The lowest ash content was found in sremska sausage type SM, and the highest 

in the sremska type SL. 

The naturally fermented dry sausages from Mediterranean region are generally characterised by low 

acidity with a final pH ranging from 5.2 to 6.4, in Italy [19,20], Greece [21], Spain [22; 23] and France 

[24]. 
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Table 2. Chemical composition of different type fermented dry sausages (means ± standard error) 

 

 

1Fermented sausages type dependent on the percentage of meat from differing pig breeds 
2NS- not significant (P ≥ 0.05);*: Statistical significance at the level of  P<0.05;**: Statistical significance at the 

level of  P<0.01;***: Statistical significance at the level of  P<0.001; 
3Fat/Protein ratio;  a- e Means in the same row with different letters are significantly different (P< 0.05). 

 

3.2.  Fatty Acid Composition. 

The fatty acid profiles of the six different fermented dry sausages are introduced in Table 3. Palmitic 

acid (C16:0) was the most represented SFA, oleic acid (C18:1 n-9) and linoleic acid (C18:2 n-6) were 

the most represented MUFA and PUFA for the all types of sausages. 

The levels of PUFA in fermented dry sausages made from the meat of Mangalitsa pig breed was 

significantly lower (P<0.001) than levels in other types of fermented dry sausages. These differences 

were mainly produced by lower total n-3 PUFA content (P<0.01), and also by lower levels of total n-6 

PUFA (P<0.001). These led to lower n-6/n-3 ratios in fermented dry sausages type KM (16.96) and SM 

(14.38). In spite of that though, the n-6/n-3 ratio of unsaturated fatty acids in other types of sausages 

were between 25 and 37. In separate trials, Hoz [25] and Valenciaet al.[26], both found, in their control 

groups of fermented dry sausages, lower ratios of n-6/n-3 fatty acids (12.05 and 13.86, respectively), 

compared to our findings. MUFA values ranged from 43.49 to 52.80 percent. The sausage types SM 

and KM, made from the meat of Mangalitsa pigs, contained higher levels of MUFA (P<0.001) than the 

other types of sausages. Additionally, oleic acid (C18:1 cis-9), cis-vaccenic acid, (C18:1 cis-11) and 

palmitic acid (C16:1) levels in these types of sausages were considerably higher than in the other types. 

Kulen and sremska sausages type KM and SM had higher USFA (P<0.01) and lower SFA (P<0.001) 

levels. Overall, the USFA was definitely significantly higher in types of sausages made from the meat 

of Mangalitsa pig breeds. 

 

 

 

 

 

 

 

 

 

 

 

 

Traits Fermented dry sausages1 

 KM KL KMM SM SL SLM P2 

Protein (%) 27.20±0.17a   35.79±0.17b   34.24±0.17c 29.16±0.17d 28.04±0.17e 23.20±0.17f *** 

Water (%) 23.62±0.20a 37.92±0.20b 35.70±0.20c 21.67±0.20d 39.41±0.20e 33.30±0.20f *** 

Fat (%) 39.30±0.22a 15.02±0.22b 21.00±0.22c 39.45±0.22da 22.00±0.22e 34.92±0.22f *** 

Ash (%)   4.61±0.09a   5.25±0.09b   5.67±0.09c   4.48±0.09da   5.83±0.09ec   4.86±0.09fad *** 

pH   5.24±0.10a   5.05±0.10b   5.03±0.10c   5.25±0.10da   4.72±0.10eb   4.73±0.10fb *** 

F/Pratio3 1.45±0.01a 0.42±0.01b 0.61±0.01c 1.35±0.01d 0.78±0.01e 1.51±0.01f *** 
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Table 3. Fatty acid composition (%), cholesterol content (mg/100g), Index of atherogenicity (IA) and 
Index of thrombogenicity (IT) of different fermented dry sremska sausages. 

 
 Values are means and standard error (mean ± SE). 
 1Fermented sausage type dependent on the percentage of meat from differing pig breeds (Table 1) 
 2NS- not significant (P ≥ 0.05);*: Statistical significance at the level of P <0.05;**: Statistical significance at 

 the level of  P<0.01;***: Statistical significance at the level of  P<0.001; 
 a- e Means in the same row with different letters are significantly different (P<0.05). 

 

The PUFA/SFA ratio is, nowadays, recommended to be above 0.4 to 0.5 in order to prevent both an 

excess of saturated fatty acids with a negative effect on low density lipoprotein (LDL) cholesterol 

plasmatic level, and an excess of PUFA, some of them being precursors of powerful clotting agents and 

Traits Fermented dry sausages1 

 KM KL  KMM SM SL SLM P2 

C14:0 1.21±0.05 1.18±0.05 1.02±0.05 1.18±0.05 1.02±0.05 1.09±0.05 NS 

C16:0 26.27±0.09a 24.77±0.09b 25.55±0.09c 25.88±0.09dc 23.99±0.09e 25.26±0.09fc *** 

C16:1 3.87±0.07a 1.86±0.07b 2.67±0.07c 3.87±0.07da 1.76±0.07eb 2.11±0.07fb *** 

C17:0 0.31±0.03 0.35±0.03 0.24±0.03 0.29±0.03 0.30±0.03 0.31±0.03 NS 

C18:0 11.25±0.08a 14.12±0.08b 13.22±0.08c 10.88±0.08da 14.19±0.08eb 14.09±0.08fb *** 

C18:1c-9 42.73±0.14a 39.47±0.14b 39.01±0.14cb 43.41±0.14d 37.74±0.14e 38.77±0.14fc *** 

C18:1c-11 4.38±0.07a 3.26±0.07b 3.42±0.07cb 4.55±0.07da 2.91±0.07ef 3.17±0.07fb *** 

C18:2n-6 6.37±0.10a 11.66±0.10b 11.46±0.10cb 6.58±0.10da 14.40±0.10e 11.91±0.10fb *** 

C18:3n-6 ND ND ND ND ND ND  

C18:3n-3 0.39±0.03 0.35±0.03b 0.36±0.03 0.47±0.03 0.44±0.03 0.35±0.03f * 

C20:0 0.17±0.02 0.18±0.02 0.18±0.02 0.17±0.02 0.21±0.02 0.19±0.02 NS 

C20:1 0.85±0.03 0.79±0.03 0.69±0.03 0.84±0.03 0.72±0.03 0.73±0.03 NS 

C20:2 0.63±0.07 0.70±0.07 0.72±0.07 0.54±0.07d 0.91±0.07e 0.83±0.07 ** 

C20:3n-6 1.33±0.06a 0.67±0.06b 1.09±0.06ca 1.10±0.06dac 1.03±0.06ec 0.91±0.06fbce *** 

C20:3n-3 0.08±0.02 0.15±0.04 ND 0.09±0.02 ND ND ** 

C22:1/C20:4 0.14±0.02a 0.48±0.02b 0.37±0.02c 0.13±0.02da 0.37±0.02ec 0.26±0.02f *** 

SFA 39.22±0.17a 40.60±0.17b 40.21±0.17cb 38.40±0.17d 39.71±0.17ea

c 
40.94±0.17fb *** 

MUFA 51.97±0.20a 45.86±0.20b 46.16±0.20cb 52.80±0.20da 43.49±0.20e 45.04±0.20fb *** 

PUFA 8.80±0.16a 13.53±0.16b 13.63±0.16cb 8.78±0.16da 16.78±0.16e 14.00±0.16fb

c 
*** 

USFA 60.78±0.31a 59.39±0.31c 59.79±0.31b 61.58±0.31a 60.27±0.31c 59.05±0.31b ** 

MUFA/PUFA 
5.94±0.09a 3.39±0.09b 3.36±0.09c 6.02±0.09a 2.59±0.09b 3.22±0.09c *** 

MUFA/SFA 1.33±0.01a 1.13±0.01b 1.15±0.01b 1.38±0.01a 1.10±0.01b 1.10±0.01b *** 

PUFA/SFA 0.22±0.00c 0.33±0.00b 0.34±0.00a 0.23±0.00c 0.42±0.00b 0.34±0.00a *** 

Total n-3 0.47±0.03 0.50±0.03b 0.36±0.03c 0.55±0.03db 0.43±0.03ebcd 0.35±0.03fc ** 

Total n-6 7.70±0.12a 12.33±0.12b 12.55±0.12cb 7.69±0.12da 15.43±0.12e 12.82±0.12fb

c 
*** 

n-6/n-3 16.96±1.98a 25.21±1.98ba 36.07±1.98c 14.38±1.98da 35.86±1.98ec 37.36±1.98fc

e 
*** 

Cholesterol 50.16±0.20a 61.48±0.20b 66.00±0.20c 59.65±0.20d 64.92±0.20e 53.47±0.20f *** 

IA 0.70±0.00a 0.74±0.00b 0.73±0.01cb 0.68±0.00d 0.71±0.00eac 0.75±0.01fb *** 

IT 1.24±0.01a 1.31±0.01b 1.31±0.01cbe 1.19±0.01d 1.27±0.01eab 1.35±0.01f *** 
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also being involved in the etiology of some cancers [28]. In our study, the PUFA/SFA ratio was 

determined to be the lowest in sausages type KM and SM (0.22 and 0.23), with none of the levels in the 

sausages exceeding 0.40. Baggio and Bragagnolo [29] ascertained that PUFA/SFA for Italian type 

salami was 0.4 at the end of production. 

3.3.  Cholesterol Content.  

The cholesterol content in kulen and sremska sausages at the conclusion of the production process 

ranged from 50.16 mg/100 g (KM) to 66.00 mg/100 g (KMM), with significant differences between the 

samples (P<0.001). Based on the obtained results (Table 3), we can conclude that sausages made from 

the mixed meat and fat of Mangalitsa and Moravka indigenous pig breeds contained the highest 

percentage of cholesterol, while the lowest cholesterol level was seen in sausages produced from the 

Mangalitsa pig breed.  

For salami Milano, Zanardi et al.[30] established cholesterol contents ranging from 94.8 to 110.5 

mg/100g. Baggio and Bragagnolo [29] for Italian type salami found the cholesterol content ranged from 

48 to 57 mg/100g. Pleadin et al.[31] concluded that the average cholesterol content of industrially 

fermented sausages was 58.48 to 105.24 mg/100g, until that of homemade fermented sausages was up 

to 75.07 mg/100g. 

3.4.  Sensory Properties. 

The results of sensory analyses by professional trained assessors are presented in figures 1 and 2. Kulen 

type KMM and sremska type SLM were awarded the lowest marks and so had the least acceptable 

appearance, while the kulen type KL and sremska type SL was rated the most acceptable. The cross-

section of kulen sausage made from the meat of Mangalitsa pigs was assessed as the poorest. Sremska 

sausage type SL was the most consistent sausage produced. Product colour was correlated with the 

colour of the meat used in production. The meat of Mangalitsa pigs was darker than the meat of Swedish 

Landrace and Moravka; therefore, sausages made from the meat of Mangalitsa breed were assessed as 

too dark, and received a somewhat lower grade than the other sausage types. Odour was the sensory 

indicator most affected by the pig breed. The most typical and the best sausages were made from the 

meat of Mangalitsa breed. The odour of this sausage type was rich and very pronounced, and received 

a much higher grade than the other kind of sausages. The taste of all sausage types were similar and 

graded from 5.08 to 6.08, while after taste was graded from 5.17 to 5.33. Professional evaluators gave 

sremska sausage type SM the highest marks for both taste and after taste. The overall sensory 

acceptability scores of the examined products showed some differences. Sremska sausage type SM was 

of the highest stable quality. On the other hand, the quality properties of sausage made from Moravka 

pork meat were significantly poorer. The current study has shown that the Sremska sausages type SM 

was good sensory quality, which was in line with Ortiz-Somovilla et al. [32]  and Moretti et al. [33]. 

Overall, the professional assessors found sremska sausage type SM, was the most acceptable. Sausages 

made only from the meat of Mangalitsa breed (type KM and SM) had better sensory characteristics, thus 

confirming the work of Radman et al. [34], who found that some pig breeds are suitable for the 

production of dry fermented pork sausages. 

 

 

 

Fig 1. Sensory properties of different types of kulen fermented dry sausage rated by professional 

assessors (scale test rating) 
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Fig 2. Sensory properties of different types of sremska fermented dry sausage rated by professional 

assessors (scale test rating) 
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The results of this study demonstrated that pig breed have an effect on the sensory and chemical 

characteristics of fermented dry sausages. According to the results of the present research, it is possible 

to produce, with the appropriate combination of meat and fat from autochthonous pig breeds alone, 

kulen and sremska dry fermented sausages, with a respectable chemical content, a favourable and 

reasonably healthful fatty acid composition and with sensory qualities acceptable to discerning 

consumers. Provided market possibility exist for kulen and sremska sausages, these results should 

contribute to encouraging the sustainable breeding of the Moravka and Mangalitsa pigs. 
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Abstract. The objective of this paper was to present environmental performance of the meat 
chain and highlight main environmental footprints. The meat sector is recognized as one of the 
leading polluting sectors in the food industry. The meat chain was analyzed from a five-link 
perspective introducing the following actors: farm(er)s, slaughterhouses, meat processors, 
customers and consumers. Meat production needs natural resources (water and energy) 
resulting in waste and waste water discharge. As an outcome it has a high influence on climate 
change in respect to global warming, acidification and eutrophication potentials and ozone 
depletion substances.  

1.  Introduction 
Meat production is increasing as a result of world's population growth and consumption of meat per 
capita [1]. However, meat is considered as a food product with the greatest environmental impact [2]. 
Regardless of the role in the meat chain, this type of production seeks for natural resources (land, 
water and energy) and emits various pollutants into the environment [air, water, land] [3, 4]. Steinfeld 
et al. assume that all livestock systems occupy up to 30 per cent of the planet’s ice-free terrestrial 
surface area [5]. The future will bring us differences in livestock production between countries 
[developed vs. developing] and production systems (highly intensive production systems vs. 
smallholder systems) [6]. Livestock production is characterized with the inefficiency of animals in 
converting feed to meat since over 75% of the energy consumed is lost in body maintenance, manure 
and by-products such as skin and bones [2]. At the farm level, manure management is mostly 
responsible for polluting the environment. Main environmental impacts in slaughterhouses and meat 
processing plants are usage of energy, usage of water, waste handling and wastewater discharge [7]. 
The availability of environmental indicators allows comparing the environmental performance over 
time and against other food companies, highlighting optimization potentials [8].  

The meat chain has five main links – farm(er)s, slaughterhouses, meat processors, customers 
[supermarkets, butcheries, retailers] and consumers [9, 10]. 'Farming' includes all livestock activities 
which take place in a farm, covering also contribution of feed production and waste/manure 
management [11]. 'Slaughterhouse' covers reception of live animals, livestock handling, animal 
welfare, slaughtering and chilling [12]. 'Meat processing plant' starts with reception of carcasses and 
ends up with the storage of final meat products [12]. 'Customers' are points of sale and cover 
supermarkets and grocery shops or specialized shops selling meat [10]. 'Consumers' cover 
refrigeration of food [13], meat preparation and cooking [14]. Meat is consumed for a number of 
reasons such as nutritional needs and dietary patterns [15] sensory attributes and cultural habits, 
religion beliefs and wealth [16, 17]. This clarifies why the discussion on the nutritional benefits versus 
the environmental effects of meat consumption is opposed [18]. 

http://creativecommons.org/licenses/by/3.0
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2.  Materials and methods 
A literature review was performed by analyzing scientific manuscripts in the domains of 
environmental impacts in the meat chain published in databases such as Web of Science, EBSCO, 
ScienceDirect and GoogleScholar. No geographical restrictions were applied.  

2.1.  Environmental footprints 
Depending on the approach, there are different methods on how to evaluate environmental impacts 
[19]. The basic approach is in calculating environmental performance indicators [EPIs]. As referred to 
the latest ISO 14001 standard, EPI is a measurable representation of the status of operations, 
management or conditions related to environmental aspects [20]. Reasons for calculating reliable 
numeric indicators are for organization's legal responsibility on environmental issues and for ensuring 
achievement of certain environmental objectives [21]. Guidance on the design and use of EPIs within 
an organization on both continual improvement and prevention of pollution is outlined in ISO 14031 
[22]. Environmental practices in meat companies show two performance dimensions – environmental 
and economic [7]. Financial indicators are perceived as backward looking, lacking predictive ability to 
explain future [environmental] performance, being too summarized to guide managerial action and 
providing no guidance to evaluate intangible assets [21]. Rule of the thumb for all EPIs are that they 
should be (i) measurable; (ii) objective; (iii) verifiable; (iv) repeatable and (v) technically feasible 
[23]. In general there are three levels of EPIs that are related to the maturity of implemented 
environmental practices, Figure 1. 

 
Figure 1. Levels o EPIs 

 
First level of EPIs are elementary indicators showing only figures such as energy and water 

consumption, waste water discharge or annual food production with no connection between them. 
Second level introduces functional units such as one kg of livestock [24, 25]; one kg of carcass [26, 
27] and one kg of meat [28] and enables correlation between first level EPIs. Most common used 
second level EPIs are water consumption per functional unit (m3 of water/kg of food), energy 
consumption per functional unit (MJ of energy/kg of food), etc. This approach to environmental 
performance shows the relationship between the organization and the environment, including 
environmental effects of resources consumed and the environmental impacts of the organizational 
processes [29]. Third level of EPIs provide information on different footprints on the environment 
such as ecological footprint, water footprint and carbon footprint as the three most recognized 
members of the so-called footprint family [30]. The ecological footprint refers to the number of 
individuals who can be supported in a given area within natural resource limits, and without degrading 
the natural, social, cultural and economic environment for present and future generations [31]. This 
footprint is not commonly used in the meat sector. The water footprint is built on the concept of 
'virtual' water at a [meat] company level, and the indicator can be estimated for a business or a product 
by calculating the total water used during the production of goods and services in the entire supply 
chain [30]. Carbon footprint measures the total set of greenhouse gas emissions caused directly and 
indirectly by an individual, event, organization or product and is expressed in CO2 equivalent since the 
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largest single contributor to climate change is CO2 [30]. This footprint is very often used in presenting 
the environmental impact of meat production. 

2.2.  Meat chain framework 
There are three main environmental research perspectives recognized in the meat chain. The first 
analyzes the meat product perspective through life cycle assessment. This technique calculates 
environmental indicators in relation to the meat product to assess the potential environmental impacts 
and consumption of resources [4]. The second focuses on manufacturing processes recognized in the 
meat industry. This perspective analyzes specific environmental impacts connected with recognized 
processes that occur on site during meat production / processing [32]. Finally, the third explores the 
environmental systems in which the meat companies operate [32]. 

Most common second level of EPIs in the meat production are meat yield (share of lean meat in 
live animals and/or in carcass), solid output [in farming mostly manure, in slaughtering/deboning 
percentage of by-product such as offal, bones, fat and skin] and energy consumption [electric and 
thermal]. Besides these EPIs, meat companies calculate various consumptions and discharges per 
functional unit such as energy-to-meat ratio, water consumption, waste water discharge and waste 
water load [chemical oxygen demand] and chemical usage [12, 33, 34]. Simplified generic model of 
the environmental impact of the meat chain is presented in Figure 2.  

 
 Input  Meat chain Output 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

  

Figure 2: Simplified generic model of the environmental impact of the meat chain 

3.  Environmental footprints in the meat chain 
Although literature review confirms that the greatest environmental impacts arise at farms as a result 
of livestock production, the entire meat chain has a significant contribution to pollution. The main 
environmental impacts related to pork production are global warming potential, acidification and 
eutrophication potential as well as consumption of water and energy [35, 36]. Livestock contributes to 
global warming potential directly coming from enteric fermentation and manure management and 
indirectly as a result of feed production [2, 37]. Ammonia is the dominant source of acidifying 
emissions during animal production [12]. It is released from manure in farms and during manure 
handling and is dependent on several factor such as physical state, temperature and pH [2]. Liquid 
manure handling systems emit less ammonia than solid manure handling but liquid/slurry storage 
stimulates CH4 production, due to anaerobe conditions [38]. Nitrate leaching from fields during feed 
production and ammonia release from manure handling dominate the emissions of eutrophying 
substances as the main contributors to eutrophication in meat production [2]. Two main improvement 
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streams regarding global warming potential and acidification in meat production are [i] manure 
management and [ii] feeding strategy [12]. 

Energy is used throughout the meat chain by the machines and equipment, for controlling 
temperature regimes (heating / refrigerating) and for transportation purposes [32, 33]. Water is used in 
all activities in the meat chain. It starts with live animals entering the slaughterhouse, through hygiene 
and sanitation in slaughterhouses, meat processing plants and retail and finishes at the final – 
consumption stage [10, 33]. Waste water is a result of various cleaning and sanitation activities such as 
washing of livestock, carcasses and offal, cleaning and sanitation of equipment and work environment 
and workers’ personal hygiene [39]. At slaughterhouses, water becomes an effluent with high levels of 
organic load from manure, blood and fat and undigested stomach contents [34]. 

Speaking about waste in the meat industry, literature recognized two main types - inedible 
products, mostly bones, heads, legs, hair and offal and various packaging materials [7, 39]. Since 
consumers prefer lean meat, this causes production of waste in slaughterhouses/meat processing plants 
[40]. Handling this type of animal by-products is regulated by the law in developed markets, like the 
EU.  

It is known that keeping products at low temperatures inhibits growth of potentially harmful 
microorganisms [41]. However, the cold chain requirements with their impact on ozone layer 
depletion due to the use of refrigerants in the processes of chilling / freezing affect the entire meat 
chain [12]. Development of new refrigerants with low GWP and promotion of natural refrigerants 
throughout the cold chain is expected [14]. Generic figure of deployed levels of EPIs in meat industry 
are presented in Figure 3.  

 

 
Figure 3: Deployment of three levels of EPIs in the meat chain 

Legend: FU – functional unit. In meat industry it is 1 kg of livestock or 1 kg of carcass or 1 kg of meat product [depending on 
the role in the meat chain].  

 

4.  Conclusion  
The meat sector is one of the food sectors with global environmental impacts. Regardless of the type 
of meat produced and technology applied, similar actors in the food chain exist and similar 
environmental impacts occur. This type of production influences climate change in respect to global 
warming, acidification and eutrophication potentials and ozone depletion substances and has a high 

III level EPIs

Global Warming potential per FU 
[kg CO2eq/kg]

Acidification potential per FU [kg 
SO2eq/kg]

Eutrophication potential per FU 
[kg PO4eq/kg]

Ozone depletion potential per FU 
[/kg]

II level EPIs

Consumption of 
energy per FU 

[MJ/kg]

Consumption of water 
per FU [m3/kg]

Consumption of fuels 
per FU [L/kg]

Consumption of 
chemicals per FU 

[L/kg]

Discharge of 
wastewater per FU 

[m3/kg]

Discharge of waste 
per FU [kg/kg]

I level EPIs

Annual meat 
production [t / kg]

Consumption of 
energy [MJ/kWh]

Consumption of 
fossil fuels [t/m3]

Consumption of 
water [m3/L]

Consumption of 
chemicals [L/kg]

Waste water 
discharge [m3/L]

Waste discharge 
[t/kg]
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ratio of consumption of water and energy resulting in waste and waste water discharge. Regardless of 
differences in meat technology, eating habits and cultural diversity, environmentally sound production 
is one of the greatest meat chain challenges in 21st century.  
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Abstract. Traditional food processing methods frequently depend on the application of high 

temperature. However, heat may cause undesirable changes in food properties and often has a 

negative impact on nutritional value and organoleptic characteristics. Therefore, reducing the 

microbial load without compromising the desirable properties of food products is still a 

technological challenge. High-pressure processing (HPP) can be classified as a cold 

pasteurization technique, since it is a non-thermal food preservation method that uses 

hydrostatic pressure to inactivate spoilage microorganisms. At the same time, it increases shelf 

life and retains the original features of food. Photodynamic inactivation (PDI) is also regarded 

as promising approach for the decontamination of food matrices. In this case, the inactivation 

of bacterial cells is achieved by the cytotoxic effects of reactive oxygens species (ROS) 

produced from the combined interaction of a photosensitizer molecule, light and oxygen. This 

short review examines some recent developments on the application of HPP and PDI with 

food-grade photosensitizers for the inactivation of listeriae, taken as a food pathogen model. 

The results of a proof-of-concept trial of the use of high-pressure as a coadjutant to increase the 

efficiency of photodynamic inactivation of bacterial endospores is also addressed. 

1. Introduction 

Over time and starting from the moment of harvest, fresh foodstuff loses quality by physical, 

chemical, and biological processes. Microorganisms and enzymes are key agents of deterioration and 

consequently priority targets of preservation techniques. 

 Traditional food processing methods frequently depend on the application of high temperature. 

However, heat may cause undesirable changes in food properties and often has a negative impact on 

nutritional value and organoleptic characteristics. Therefore, reducing the microbial load without 

compromising the desirable properties of food products is still a technological challenge.  

 An ideal method of food preservation should be inexpensive and convenient to apply to ensure the 

inactivation of microorganisms and enzymes and/or inhibition of microbial activity and growth [1] 

while extending shelf life, preserving organoleptic and nutritional attributes, without leaving chemical 

residues and not raising objections from consumers and legislators [1, 2]. By using temperatures lower 

than those typically used in thermal processing, non-thermal food processing technologies are 

expected to exert a minimal impact on the nutritional, physical, chemical and sensory properties of 

http://creativecommons.org/licenses/by/3.0
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food [3]. High pressure processing (HPP) and photodynamic inactivation (PDI) are examples of non-

thermal techniques that inactivate/eliminate microorganisms at ambient temperatures [3, 4].  

 HPP uses hydrostatic pressure - force per unit area applied in a direction perpendicular to the 

surface - to inactivate pathogens and vegetative forms of spoilage microorganisms [5]. Additionally, it 

increases shelf life and retains the original features of food. This technique can be used in different 

types of solid or liquid food matrices,  at pressure values between 100 and 1000 MPa (1 MPa = 0.101 

atm = 0.1 bar = 6.89×10-3 psi) in a range of temperature between -20 and 80 °C, during periods that 

can range from seconds to minutes [6, 7]. During the pressurization, a decrease in food volume 

proportional to the pressure applied occurs but food material returns to its initial volume during 

decompression [8]. Pressure is applied in an isostatic mode, i.e. the transmission of pressure occurs 

uniformly and almost instantly through the food material regardless of its shape and size, making this 

technique suitable for the inactivation of pathogens present at the surface or imbed in the food matrix 

[9]. The level of bacterial inactivation depends on the type of microorganism, but also on the 

composition and pH of the food matrix and therefore, it is necessary to carefully choose the 

appropriate processing protocol [2, 10]. 

 PDI is also regarded as a promising approach for the decontamination of food matrices. In this 

case, the inactivation of bacterial cells is achieved by the cytotoxic effects of reactive oxygen species 

(ROS) produced from the combined interaction of a photosensitizer (PS) molecule, light and oxygen. 

The PS is excited by light and changes to a long-lived triplet state. Molecular oxygen is regarded as a 

key factor in PDI. In the type I photochemical mechanism, the PS in the excited state interacts with 

molecular oxygen by electron or hydrogen transfer, generating radical species including the 

superoxide anion, which can further originate other ROS like hydroxyl radicals. Type II mechanism is 

associated to the interaction of the excited state of the PS with molecular oxygen, in this case by 

energy transfer, which leads to the production of singlet oxygen [11]. PDI has been demonstrated as an 

efficient alternative for the inactivation of virus, bacteria and fungi [12]. However, the application of 

this technique to the inactivation of microbes in food products is dependent on the availability of food-

compatible PSs that do not compromise food composition, appearance, taste and flavour. Some natural 

compounds with photosensitizing potential, such as hypericin, chlorophyll, riboflavin and curcumin, 

are common additives in foods and drinks that have been proposed to overcome this problem [13]. 

 

2. Non-thermal inactivation of listeriae 

The genus Listeria is composed of short Gram positive rods with 0.4 – 0.5 μm of diameter and 1.2 μm 

of length, appearing singly or in short chains. This genus is closely related to other food pathogens like 

Bacillus, Clostridium, Enterococcus, Streptococcus and Staphylococcus. Listeria spp. are facultative 

anaerobes, do not produce spores and grow at temperatures between 0 and 45 °C, although their 

optimum temperature for growth is between 30 and 37 °C. Listeriae easily form biofilms and grow in 

high concentrations of salt (10% NaCl) and at pH values between 4.5 and 9. This genus entails six 

species: L. monocytogenes, L. ivanovii, L. innocua, L. grayi, L. welshimeri and L. seeligeri. Only the 

first two species are pathogenic [14, 16]. L. monocytogenes is a food pathogen responsible for an 

opportunistic infection called listeriosis, most often transmitted by raw food like soft cheese, fruits and 

vegetables but also by cooked meat [17, 18]. Although listeriosis is not very frequent, it can be lethal 

among adults and neonates [19]. L. innocua, is a non-pathogenic species that has been often used as a 

surrogate for the pathogenic L. monocytogenes in biological studies, since it presents similar responses 

to chemical or thermal treatments [20]. 

 

 

2.1. Inactivation of listeriae by HPP 

The exposure of bacterial cells to high pressure causes damage to the cell membrane and denaturation 

of proteins, affects the function of enzymes and ribosomes, deregulates homeostasis and may 

ultimately cause cell disruption [6, 21]. With low pressure values (<50 MPa), processes like gene 
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expression and protein synthesis are affected but at pressure values above 400 MPa significant structural 

damage occurs [22]. Although not all the previously mentioned effects are demonstrated for listeriae, 

morphological, structural, physiological and genetic changes have been reported [23].  

The inactivation efficiency is strongly affected by intrinsic (related with the bacterial cell) and/or 

extrinsic (related with the extracellular medium) factors. L. innocua cells in exponential growth phase are 

more susceptible that stationary phase cells probably because of the stress response proteins expressed by 

the latter [24, 25]. The composition of the food matrix, particularly in terms of pH and aw has also a 

significant effect on the efficiency of inactivation of listeriae. In general, lower pH like in fruit juices, 

enhances inactivation since the survival of pressure-damaged cells is reduced in acid media [22]. Lower aw 

decreases susceptibility to HPP, although the magnitude of the effect seems to be dependent on the type of 

solute [26, 27]. As an example, literature data indicate that milk significantly protects listeriae from HPP 

but this effect may not be observed in milk derivatives such as cheese, because of the particular properties 

of this product in terms of pH and aw [23]. Cells that have been previously exposed to low temperatures (10 

- 25 °C) are more susceptible to HPP than cells grown at temperatures near 43 °C [28]. This may implicate 

that contamination originating from warm-blood animals may be more difficult to control than 

contaminants from other environmental sources.  

Pressurization parameters are of major importance in the inactivation of listeriae by HPP. In general, L. 
innocua is completely inactivated in food matrices at 400-600 MPa [29]. There is a direct relation between 

holding time (the time during which pressure is applied) and the efficiency of inactivation. At moderate 

pressure values, extending the holding time from 5 to 15 minutes may increase the factor of inactivation of 

L. innocua by as much as 5 log but at very high pressure values (>500 MPa), holding time losses relative 

importance as an operational parameter [30]. A study conducted with stationary phase cells of L. innocua 

demonstrated that lower compression/decompression rates increased inactivation efficiency [29]. A large 

set of data obtained in different food matrices and with different combinations of pressure and temperature 

indicates that inactivation efficiency seems to be the highest at refrigeration temperatures (4-10 °C) or 

when high pressure is combined with heat (50 °C) [23, 29]. All this further stresses the importance of a 

careful design of HPP protocols.  

 

2.2. Photodynamic inactivation of listeriae 

Literature reports of successful photodynamic inactivation of listeriae are strikingly scarce. Tests 

conducted with Escherichia coli O157:H7 and L monocytogenes revealed that the latter was more 

easily inactivated than the former, which was attributed to the differences in the composition of the 

cell wall. Also, photosensitization was more efficient with the dyes toluidine blue O (TBO) and 

methylene blue trihydrate (MB), than with a porphyrin, the  tetratosylate salt of 5,10,15,20-tetrakis(1-

methylpyridinium-4-yl)porphyrin (Tetra-Py+-Me) [31]. However, TBO and MB cannot be used in 

foodstuff. The results of experiments in which a colourless and odourless solution of 5-aminolevulinic 

acid (ALA) was used to induce the synthesis of endogenous porphyrins demonstrated that plankton 

cells and biofilms of L. monocytogenes could be efficiently inactivated [32]. But again, the use of 

natural compounds, already approved as food additives, is preferable and more easily accepted by 

consumers.  

Curcumin (food additive E100) is a yellow pigment and the active constituent of turmeric, which is 

obtained from the dried rhizome of Curcuma longa. Turmeric powder is an essential ingredient in 

curry, and it is often used in ready-to-eat meat dishes. Curcumin is a natural PS, able to generate 

cytotoxic ROS when activated with blue light [33] and photosensitization with curcumin has been 

successfully tested on yeasts and bacteria [34-36].  

In recent experiments conducted by our group, irradiation of biofilms of L. innocua with blue light in 

presence of 10 µM of commercial curcumin caused an approximate 5 log reduction in the concentration of 

viable cells, whereas with an equivalent concentration of the reference cationic porphyrin, the tetraiodide 

salt of Tetra-Py+-Me, the inactivation factor was only of ~1 log. The planktonic form was much more 

susceptible to PDI and in planktonic cells, photosensitization was more efficient with the porphyrin, which 

caused complete inactivation (unpublished). Bacterial biofilms represent a considerable challenge in terms 

of PDI because the extracellular matrix limits the penetration of the photosensitizer and the diffusion of 

oxygen to inner layers and cytotoxic ROS are efficiently captured by the extracellular polymeric substances 
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[37]. Our results indicate that curcumin may be a particularly advantageous PS for the control of biofilm 

bacteria in packaged ready-to-eat meat meals.  

 

3. Pressure-assisted photodynamic inactivation of bacterial endospores 

Sporulation is a biological mechanism of resistance that enhances bacterial survival in harsh 

environmental conditions for considerably long periods of time. They represent a challenge in terms of 

inactivation since endospores resist pasteurization temperatures, desiccation, and chemical biocides 

like organic acids, alcohols and phenols, which easily destroy vegetative cells [38]. Bacillus cereus, 

Clostridium perfringens and C. botulinum are examples of foodborne endospore producing bacteria 

that due to their ubiquity in the environment and resistance to thermal processing represent a major 

concern in terms of the safety and stability of foods [39].  

 HPP inactivation of endospores is a two-step process in which an initial treatment with moderate to 

low temperature and pressure (100-200 MPa, T<50 °C) induces spore germination and higher pressure 

and temperature (400-600 MPa, T>60 °C) cause significant endospore inactivation [40]. In general, 

the process requires the application of very high pressure values and quite long holding times which 

makes it costly in terms equipment and energy. PDI of bacterial endospores has also received attention 

in the perspective of an alternative non-thermal inactivation approach. Although much less susceptible 

than vegetative cells, endospores of Bacillus spp. have been successfully inactivated with 

phenothiazine dyes and cationic porphyrins [41, 42]. However, complete inactivation is not easily 

achieved and the binding of the PS to the essentially inert spore coating has been identified as a 

limiting step in the photosensitization process [42].  

 Using endospores of B. cereus as biological models, we tested the hypothesis that high pressure 

could be used as a physical coadjutant to enhance PS binding and therefore to improve the PDI of 

bacterial endospores [pressure-assisted photodynamic inactivation (HP-PDI)]. In repeated independent 

trials, pressurized endospore suspensions (300 MPa for 30 minutes in the presence of 20 µM Tetra-

Py+-Me) revealed up to 76-fold increases in PS binding, in relation to the controls in which the dark 

exposure to PS was conducted at atmospheric pressure, and a significant increase in photosensitization 

efficiency upon irradiation (unpublished). Considering that the proof-of-concept of HP-PDI was 

successful, the challenge is now to optimize the approach using food-grade photosensitizers for 

endospore inactivation in food products.  

 

4. Future perspectives 

HPP and PDI represent promising non-thermal alternatives for the control of bacterial pathogens and 

food-spoilage microorganisms, such as inferred from experiments with Listeria spp. Both approaches 

still face technical challenges. Future developments of HPP protocols must address the problem of 

protein denaturation, so that it can be used in a wider variety of food products, and also the cost 

effectiveness of the process, in terms of equipment and energy requirements. A major step forward in 

PDI of food pathogens will be the development of efficient food-grade photosensitizers and the 

combined application of physical co-adjutants, like high-pressure or heat, to overcome the problem of 

more resistant forms like microbial biofilms, protozoan cysts, fungal spores and bacterial endospores.  
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Abstract. Microbial contamination in food processing plants can play a fundamental role in food 
quality and safety. The description of the microbial consortia in the meat processing environment 
is important since it is a first step in understanding possible routes of product contamination. 
Furthermore, it may contribute in the development of sanitation programs for effective pathogen 
removal. The purpose of this study was to characterize the type of microbiota in the environment 
of meat processing plants: the microbiota of three different meat plants was studied by both 
traditional and molecular methods (PCR-DGGE) in two different periods. Different levels of 
contamination emerged between the three plants as well as between the two sampling periods. 
Conventional methods of killing free-living bacteria through antimicrobial agents and 
disinfection are often ineffective against bacteria within a biofilm. The use of gas-discharge 
plasmas potentially can offer a good alternative to conventional sterilization methods. The 
purpose of this study was to measure the effectiveness of Atmospheric Pressure Plasma (APP) 
surface treatments against bacteria in biofilms. Biofilms produced by three different L. 
monocytogenes strains on stainless steel surface were subjected to three different conditions 
(power, exposure time) of APP. Our results showed how most of the culturable cells are 
inactivated after the Plasma exposure but the RNA analysis by qPCR highlighted the entrance 
of the cells in the viable-but non culturable (VBNC) state, confirming the hypothesis that cells 
are damaged after plasma treatment, but in a first step, still remain alive. The understanding of 
the effects of APP on the L. monocytogenes biofilm can improve the development of sanitation 
programs with the use of APP for effective pathogen removal. 

 

1. Introduction 
Spoilage organisms can be transferred from the environment to intermediates of production and may 
negatively affect the production process and the quality of the final product. The first purpose of this 
study was to characterize the type of microbiota in the environment of meat processing plants situate in 
north west of Italy and gain insights regarding potential microbial contamination risks for the final 
products.  

The second step of the wok focused on the evaluation of an alternative sanitization technique that 
have become an important aspect in the food environment. The development of antimicrobial measures 
that are not subject to evolving microbial resistance represent a new challenge in the food control. In 
this context, the cold atmospheric pressure plasma (APP) is a relatively new antimicrobial technique 
that has been recently adopted also for applications in the food industry. The reactive free radicals and 
H2O2 produced during APP generation play the main role in bacterial inactivation [1] together with the 
oxidation of amino acids and nucleic acids that are involved in microbial death or injury [2]. Evaluating 
any sanitization process, particular attention has to be focused in the understanding of the state of the 
cells after the treatments: cells can be stressed and non culturable but may not necessarily be dead. 
Variation in the surrounding conditions can influence bacterial counts and because of the environmental 
instability, the bacteria can enter in a viable but non-culturable state (VBNC) [3].  

http://creativecommons.org/licenses/by/3.0
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The purpose of this second part of the study was to measure the effectiveness of APP treatments 
against bacteria organized in biofilm on surfaces, evaluating also the individual susceptibility of 
different L. monocytogenes strains. The attention focused in particular on the state of the cells after the 
treatment and on their possible entry in the VBNC state by traditional and molecular methods. 
 
2. Material and methods 

2.1. Traditional and molecular methods in the analysis of food processing plants 
The microbiota of three different meat plants was studied by both traditional and molecular methods 
(PCR-DGGE) in two different periods (winter and summer).  Environmental samples from surfaces and 
tools (swabs from knifes, blades, walls, conveyor belts, hoppers, bagging, saw bones, table surfaces, 
cutter, meat mixers) were analyzed and the occurrence of pathogens (Listeria monocytogenes and 
Salmonella spp.) was also investigated.  

Plate Count Agar was used for total mesophilic aerobic count. L. monocytogenes and Salmonella 
spp. were investigated following the ISO methods.  

DNA was extracted directly from swabs and culture-independent analyses were carried out by PCR-
DGGE of V3 region of 16S rRNA gene [4]. 
 
2.2. Plasma treatment  
Three L. monocytogenes strains and in particular a collection strain (EDGe) and two from the Unito 
culture collection (3 and 36) were selected for the evaluation of their ability to attach to abiotic surface. 
Different conditions of APP were tested on the biofilm produced on stainless steel (SS) coupons by 
these three strains after 144 hours. The plasma was generated at an input power of 1154, 760 or 430W 
for a time period of 10 min or 2 min each side of the SS coupon (Table 1). Detachment of attached cells 
from the SS coupons and plate counts were performed by using the bead vortexing method [5]. with 
some modifications. The cell suspension obtained was also conserved at -80°C in the presence of 
RNAlater (Ambion, Italy) for future use in RNA extraction. 
 

Table 1. The APP conditions on SS coupons: time and power 

 

2.3 Resuscitation of the VBNC cells and enumeration of L. monocytogenes 
After an APP exposure for 10 min, coupons were aseptically inserted in BHI broth in order to evaluate 
the vitality of the cells. This resuscitation step was performed leaving the coupons in the medium at 
37°C for 24 hours. In order to count the viable cells, the same protocol described above with bead 
vortexing was used. 

RNA Purification Kit (Epicentre, Madison,WI, USA) following the manufacturer's instructions was 
adopted for the RNA extraction. Reverse transcription (RT) reactions were performed and one μL of the 
obtained complementary DNA was used as template for the qPCR amplification of the bacterial V3 
region of the 16S rRNA, using primers 338f and 518r [4]. Amplifications were performed with the use 
of SSo Advanced Sybr Green Supermix (Biorad, Italy). Samples were amplified in triplicate using the 
following conditions: initial denaturation at 95 °C for 5 min and 40 cycles of 95 °C for 15 s, 60 °C for 
30 s, according to [6]. 
In order to obtain a culture-independent enumeration of the active L. monocytogenes cells, a standard 
curve was constructed. Ten-fold serial dilutions of an overnight culture of L. monocytogenes strains 
were performed in Ringer’s solution (Oxoid, Milan, Italy). One ml of each dilution was subjected to 

conditions

CONTROL No treatment

A 10 min each side‐431W‐ 159 KHz

B 10 min each side‐724W‐151KHz

C 2 min each side‐ 1154W‐142KHz

D 2min each side‐741W‐151KHz

E 2min each side‐431W‐159KHz
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RNA extraction as described above and the resulting cDNA sample was submitted to qPCR. Standard 
curves were constructed by plotting the threshold cycle (Ct) values obtained against CFU/ml, as 
determined on BHI agar from each dilution. Correlation coefficients (R2) and efficiency of amplification 
were calculated as previously described [7]. 
 
3. Results and Discussion 

3.1. Microbiota in food processing plants 
Differences in the microbial populations (composition, load) between the three plants among the two 
periods were detected by traditional methods. More than 50% of samples analyzed in Plant 1 showed 
the presence of L. monocytogenes during the first sampling. Also Salmonella spp. was found with a high 
occurrence in Plant 1. 

Plant 1 and 2 showed differences in the mesophilic aerobic counts between the two seasons, 
characterized by a high incidence of samples (more than 50%) with values > 104 cfu/cm2 in the summer. 
Plant 3 did not report relevant differences among the two seasons. 

By PCR-DGGE, tools and environmental samples were found to be characterized by the presence of 
several contaminants such as Pseudomonas, Acinetobacter, Brochotrix. Genera Staphyloccoccus and 
Lactobacillus were detected mainly in Plant 1. Swabs analyzed in winter and summer, for the same 
plant, showed a degree of microbial diversity (Table 2).  
 

Table 2. Results of the identification of selected PCR-DGGE band sequencing 
 

 

The presence of the black box indicates the presence of the bands in the DGGE profiles. The sequences obtained 
were aligned with those in GenBank with Blast program. 

 

closest relative winter summer winter summer winter summer
Pseudomonas sp. 
Pseudomonas migulae
Pseudomonas graminis
Acinetobacter xiamenensis
Acinetobacter johnsonni
Acinetobacter haemolyticus
Acinetobacter calcoaceticus
Acinetobacter sp.
Staphylococcus saprophyticus
Staphylococcus xylosus
Staphylococcus lentus
Staphylococus sciuri
Staphylococcus sp.
Leuconostoc citreum
Lactobacillus plantarum
Lactococcus piscium
Micrococcus sp.
Bacillus sp.
Psychrobacter  sp.
Klebsiella sp.
Moraxella sp.
Corynebacterium sp.
Blastocloris sp.
Flavobacterium sp.
Micrococcus  sp.
Uncultured Brochotrix sp.
Exiguobacterium sp.
Arthobacter sp.
Spingomonas  sp.
Pantoea vagans

Plant 1 Plant 2 Plant 3
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This study underlined the high incidence of spoilage microorganisms in the environment of meat 
processing plants and tools. 

Traditional methods showed the presence of pathogenic bacteria such as L. monocytogenes and 
Salmonella spp. Differences emerged between the two sampling periods. The corrective actions taken 
after the first sampling, allowed a % decrease of contaminated samples. The mesophilic count was 
higher in the samples analyzed in the summer. 

DGGE analysis underlined the occurrence of members of Enterobacteriaceae, lactic acid bacteria, 
Pseudomonas spp. and Brochothrix spp. that are recognized as the principal players in meat spoilage.  
 
3.2. Plasma treatment 
Due to the microbiota contamination found in the cleaned environment, the second step of the wok 
focused on the evaluation of new sanitization techniques. In this context, the APP is a relatively new 
antimicrobial technique that has been recently adopted also for applications in the food industry.  
This study investigated the effect of different combinations of time/intensity APP treatments on L. 
monocytogenes cells attached on stainless steel surface. After 10 minutes of AAP treatment, for all 3 
intensities tested, L. monocytogenes was not detected by plate counts. In the case of shorter APP 
exposure time (2 min), the lowest power (431W-159Hz) reduced the count more than 2 Log CFU/cm2 

(data not shown). 
After the APP exposure for 10 min, coupons were inserted in BHI broth in order to evaluate if cells 

could be resuscitated. Growth in BHI was observed in the coupons treated with the lowest plasma power 
underlining the capability of cells to survive for as much as 10 minutes at the APP treatment (data not 
shown). This resuscitation step confirmed the entrance of these cells in the VBNC state after APP 
treatment since no L. monocytogenes growth was observed without incubation in BHI at 37 °C for 24 
hours. 

In order to enumerate L. monocytogenes in a culture-independent way, qPCR was applied on RNA 
extracted from cell suspensions recover from the SS coupons. The results obtained analysing the RNA 
by the amplification of the 16S showed the presence of viable cells also in the coupon treated with the 
highest power for 10 minutes. Non treated SS coupons showed the highest count (6 Log CFU/cm2 for 
strain 36). Differences between strains were observed. Regarding strain 3, the conditions D and E 
(treatment for 2 minutes) were no different compared to the control. In the case of strains 36 and EGDe, 
all the Plasma conditions reduced the count significantly compared to the control (Table 3). 
 
Table 3. Inactivation kinetics after the APP treatments as resulted by molecular methods expressed as CFU/cm2 

 

 
The Plasma condition (A-E) are reported in Table 1. Values with different letters for are significantly different, P 
< 0,05. 
 

Traditional methods showed how most of the culturable cells are inactivated after the Plasma 
exposure but the RNA analysis obtained by q(PCR) highlighted the entrance of the cells in the viable-
but non culturable (VBNC) state, confirming the hypothesis that cells are damaged after plasma 
treatment, but still remain alive.  

The results showed that bacterial biofilms can be reduced by using gas-discharge plasma thus 
confirming the potential of plasma as an alternative sterilization method. However, discrepancies were 
observed between the two microbial enumeration methods employed: the plate count highlighted the 
suitability of the APP in eliminating L. monocytogenes cells organized in biofilms while by targeting 
the 16S rRNA by qPCR, the presence of VBNC populations was revealed and no significant differences 

sig.

Control  A B C D E

3 5,48 b 3,82 a 3,91 a 3,65 a 5,13 b 4,99 ab p<0,05

36 6,04 b 4,5 a 3,825 a 4,125 a 4,095 a 4,79 a p<0,05

EGDe 5,44 b 4,57 a 4,22 ab 4,34 a 4,88 a 4,68 a p<0,05

Plasma conditions

st
ra
in
s
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emerged between the different conditions of the treatments. These results were at least partly confirmed 
by the resuscitation experiment: incubating the cell suspensions, after APP treatment (at low intensity) 
in BHI broth, plate count results showed that part of the L. monocytogenes population survived the 
treatment. Therefore, plasma treatment damaged but did not eliminate the L. monocytogenes cells 
attached to SS coupons.  

Vitality of bacteria is an important aspect, especially in the food safety sector. Cells that appear 
unculturable in laboratory conditions may still possess several functions and activities typical of living 
cells [8]. The resuscitation in medium was not obtained for coupons treated at high APP intensity but 
the results of qPCR counts with about 4 Log CFU/cm2 showed the vitality of cells. We can state that the 
conventional cultivation methods overestimate the decontamination efficiency of the APP, and must 
therefore be complemented by alternative techniques capable of detecting viable but non-culturable 
bacteria. Notwithstanding the discrepancies observed between culture dependent and independent 
approach the APP resulted to be effective in decreasing the load of attached cells. The untreated sample 
has shown higher counts by both traditional and molecular methods, compared with those that were 
treated, confirming that APP activity may challenge the physiology of microorganisms. 
 
4. Conclusion 

The results of this study highlight how it is vital for food producing companies to have control of the 
contaminants in the plants. This can be achieved with the implementation of adequate cleaning and 
disinfection procedures ant it may contribute in the development of programs for effective pathogen 
removal. 

The description of the microbial consortia in the meat processing environment is important since it 
is a first step in understanding possible routes of product contamination. Sanitizing procedures and 
VBNC state of the cells cover a fundamental role in the food safety: considering that VBNC populations 
can subsequently recover and grow [9]. As also affirmed by [10], it is important to use methods 
independent of cell culturability to monitor pathogens in food processing plants since cultivation may 
underestimate the microbial load.  
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Abstract. Hepatitis E (HE) is a zoonosis caused by hepatitis E virus (HEV). The disease that 
used to be problematic only in developing regions with inadequate water supplies and poor 
sanitary conditions is now considered one of the foodborne diseases in industrialized countries 
as well. According to current knowledge, the main reservoir of the virus is linked to domestic 
swine and wild boar. Consumption of raw or undercooked pork meat and liver is considered as 
a risk factor for HE human infection, together with some other sources of infection like blood 
transfusion or organ transplantation. Although the number of cases has been rising in the last 
decade, HEV is still a generally unknown virus among the general public. Consumers need to 
be warned and educated about HEV and its potential sources of contamination within the food 
supply chain. 

1.  Introduction  
Hepatitis E virus (HEV) is a non-enveloped virus with a single-stranded, positive sense RNA genome. 
The genome is 7.2 kb long and codes for three open reading frames [1]. It belongs to the Hepeviridae 
family, which is divided into the genera Ortohepevirus (species A-D) and Piscihepevirus. 
Ortohepevirus A has 7 genotypes [2]. Genotypes 1 and 2 infect only humans and are distributed 
mainly in Asia, Africa and North America. They can cause large waterborne epidemics due to 
insufficient hygiene. Genotypes 3 and 4 are zoonotic, their main reservoirs are swine and wild boar, 
and they can cause sporadic cases of hepatitis E (HE) in human. Genotype 3 is distributed worldwide 
[1, 3]. Genotype 4 is found mainly in Asia [1], but it has already been detected in swine populations in 
Italy, Belgium and Denmark [4]. HEV from genotypes 5 and 6 is found in wild boars and genotype 7 
in camels [5]. 

2.  Hepatitis E infection in human  
HEV in humans causes acute icteric disease with a very variable clinical picture [6]. In most cases the 
infection is asymptomatic [3], while the symptomatic patient shows the following clinical signs: 
icterus with nausea, fever, abdominal pain, vomiting, hepatomegaly, pale stools and darkened urine 
[5]. The disease is mostly self-limiting [3]. In low levels, with immunosuppressed patients (organ 
transplant recipients, lymphoma/leukemia patients, patients with human immunodeficiency virus 
infection), it can develop into chronic infection and progress to severe fulminant liver failure with fatal 
outcomes [6]. The mortality is approximately 2% [3,5]. Besides typical symptoms, HEV infection has 
been associated with neurological disorders, such as Guillain-Barre and Parsonage Turner syndromes, 
neuralgic amyotrophy, bilateral brachial neuritis, peripheral neuropathy and encephalitis [7]. 
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3.  Animal reservoirs  
Although domestic swine, wild boar and deer are the only animal species that have been directly 
linked to zoonotic hepatitis, viral RNA has been found in many other animal species such as rabbit, 
mongoose, moose, fox, chicken, rat, ferrets, mink and bats. Anti-HEV antibodies have been found in 
dogs, cats, cows, buffalo, goat, sheep and horses [8].  

As domestic swine are considered the main reservoir of HEV, many facts about the dynamics of 
infection with HEV in pigs have already been discovered. After the level of maternal antibodies drop, 
young piglets become susceptible to infections, HE being one of them. When they come in contact 
with the virus, the infection occurs, which usually happens at around 8 weeks of age. Pigs start to shed 
the virus in feces between one and two weeks after the infection and the shedding lasts for up to 7 
weeks [4,6,9]. The virus can be found in muscles and liver until 4 weeks after the onset of fecal HEV 
excretion, meaning that the risk of HEV-contaminated meat and entrails entering stores is greater 
when younger animals are slaughtered [4,10]. The age at which pigs are slaughtered varies slightly 
from country to country, but overall there are three age groups – around the age of 3 months, 6 months 
and sows/boars. Many countries have conducted an overview of the state of HE infections either on 
farms or in slaughterhouses and all of them came to the same conclusions: the percentage of viremic 
pigs in the acute stage of infection (meaning that the viral load in meat and organs is high and can 
cause an infection in human through consumption of such food) is significantly higher at the age of 3 
months than at the age of 6 months [11,12,13,14,15,16,17,18].  

A very important fact that strongly contributes to the foodborne nature of HE infection is that swine 
infected with HEV show no clinical symptoms at all. Only some microscopic lesions have been found 
in experimentally infected pigs – mild multifocal lymphoplasmatic hepatitis was observed in liver 
tissue [5].  

4.  Routes of transmission  
HEV has many routes of transmission (Figure 1). In developing countries, the main source of infection 
is water contaminated by sewage. Poor sanitary conditions in connection with several environment 
settings (heavy monsoon rains and floods) lead to frequent waterborne epidemics [19]. In 
industrialized countries, the situation is different – two decades ago it was believed that HE infections 
occurred after trips to developing countries. When more information was gathered from these patients, 
it was clear that some people never travelled outside the country, which led to new findings about the 
possible sources of infection [20,21]. Now we know that autochthonous cases can be acquired through 
blood transfusion or organ transplantation, and even vertical transmission from mother to child has 
been observed, but the most important route is ingestion of infected raw or undercooked pork 
meat/liver. Besides meat products, HEV RNA has also been detected on leafy green vegetables and 
strawberries (probably caused by the use of contaminated irrigation water or contaminated manure) 
[22,23]. 

5.  Foodborne disease  
With increasing interest in HEV, and also more human cases in Europe revealed, it now appears that 
foodborne transmission is a major route of infection in Europe. The European Food Safety Authority 
(EFSA) reported that more than 21000 clinical cases with 28 fatalities have been reported in the last 
10 years and a 10-fold increase in reported HE cases has been observed [7]. France, Germany and the 
UK are countries with the majority of reported cases. Austria, Czech Republic, Hungary, Italy and 
Spain have also reported outbreaks and/or sporadic foodborne cases [7]. However, it should be noted 
that the monitoring of HEV differs between EU countries and the overall number of cases is most 
likely even higher. Sometimes the source of infection is directly identified by detection of viral RNA, 
while other times it remains unknown or the suspected source is only epidemiologically determined. In 
reported outbreaks/sporadic cases, tripe sausages, undercooked pork meat, liver sausage, raw figatelli, 
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pig liver, wild boar meat and shellfish were the sources of infection. The most frequently reported 
food products causing HE infection are raw or undercooked pork meat or pork liver [7]. 

 

 
 
Figure 1. Different routes of hepatitis E virus transmission. Solid arrows indicate proven models of 
transmission, dashed arrows indicate the potential routes of spread [23]. 

6.  Preventive measures – from stable to table  
Hepatitis E, as many other foodborne diseases, should be treated comprehensively. Handling only one 
element of the whole issue will not make a drastic improvement. Responsible professionals involved 
in the pig chain should be aware of the critical control points that contribute to efficient management 
of this foodborne zoonosis (Table 1). 

6.1.  Hepatitis E virus on farms  
Clear and focused measures for reducing HE infections should start at the farm level. Pigs shed the 
virus with feces and urine, so hygiene is of crucial importance. First, housing and equipment should 
always be disinfected before new animals are brought to the farm, otherwise the viral load in the 
environment can be high enough to cause infection in the new production batch of animals [10,24]. 
Secondly, farm workers have to understand biosecurity and practice it. If they follow the simple rules 
of changing clothes and shoes when entering the farm or when crossing from one part of the farm to 
another, the chances of spreading the infection between different age groups of animals will be 
reduced [25].  

6.2.  Hepatitis E virus in slaughterhouses   
Even though ante and post mortem inspection in slaughterhouse is mandatory and samples are taken to 
monitor the zoonoses, this is not enough to detect pigs infected with HEV. As mentioned before, 
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animals show no symptoms at all and we have no way of knowing when HEV-positive animals come 
to slaughter. To avoid possible cross contamination, good practices should always be followed, not 
only at the slaughterhouse, but also during transport and lairage of the animals and processing and 
storage of pork meat. Cross contamination with feces has to be avoided at all times.  

After stunning and bleeding, pigs are either scalded and dehaired or skinned. If the pig’s skin is 
removed without hot steaming or burning, viruses on the skin (if the pigs are contaminated with feces) 
can be transferred to the meat surface. If a scald tank (with water temperature of 64oC) is used, the 
chance of the virus on the skin surface surviving is probably lower, although it is still not clear what 
temperature and time of exposure to a particular temperature eliminates the virus in the technological 
environment.  

Another critical control point on the slaughtering line is the removal of the intestines. If they are 
perforated, the feces can contaminate meat, organs and also the equipment used by workers. The same 
care should be taken when removing a gall bladder – bile has an even higher viral load than feces and 
perforation of the gall bladder can lead to cross contamination of liver and meat with HEV-laden bile 
[7].  

6.3.  Hepatitis E virus at home   
In the end, the only efficient control for HE infection is the right heat treatment of food before eating. 
Pork meat, liver or meat products have to be thoroughly thermally processed (cooked, baked). The 
exact temperature and time period that should be used to efficiently eliminate the virus is still not 
clearly determined. Many experiments have been conducted and the results suggest that the heat 
resistance of HEV is variable – it depends on the strain or genotype and matrix as well. However, no 
matter how many experiments have been performed, there is a gap that still needs to be filled – a 
robust cell culture system for HEV that will allow the determination of HEV infectivity in laboratory 
circumstances with all practical parameters in real practice is urgently needed [26].  

 
 

Table 1. Critical control points and preventive measures in pork chain production regarding hepatitis 
E virus (HEV) 

 
 Pig farm Pig slaughter house Pork consumption 
HEV 
Problem    

Circulation of HEV on the 
farm: 
1. high viral load in the 
environment (feces and urine) 
2. transmission through direct 
contact between the animals 
(mingling of animals from 
different pens) 
3. cross contamination caused 
by workers on the farm 
 

Cross contamination of 
individual pigs and meat 
during slaughter and co-
infection of 
meat/entrails via faces, 
bile or blood 

Consumption of 
undercooked or raw 
pork meat, liver or 
pork meat products  
 

Preventive 
measure 
 

Biosecurity: 
1. hygiene measures (washing 
of the transport vehicles, 
housing disinfection) 
2. protection of the herd from 
wild animals 
3. showering and changing 
clothes before entering the 
farm 

Education of 
slaughterhouse workers 
about good practices to 
help avoid cross 
contamination 

Education of 
consumers about the 
pork production chain 
HEV infection risk 
(importance of correct 
thermal treatment) and 
cross contamination 
risks during food 
preparation 
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7.  Conclusion 
A lot of new information has been discovered about HEV in the last 20 years and this “new” 
foodborne disease is getting more attention from day to day. The implementation of these discoveries 
in the practical pork supply chain still needs a professional push. Also of crucial importance is the fact 
that consumers are still not familiar with HE; most of them have never heard of it. This issue needs to 
be addressed and people need to be educated, so they will have the knowledge to protect themselves 
from HEV when it occurs in foods coming from the pork production chain. 
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Brucellosis - the past, the present, the future  
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Brucellosis, one of the most widespread zoonosis, is a contagious chained disease affecting a great 
number of animals and, in a smaller proportion, people [1, 2]. In the animals, this disease is usually 
manifested as either chronic or latent infection. Causal agents of the infection are bacteria from 
Brucella genus which can have different virulence and host affinities. 

The appearance of brucellosis in human population is closely related to its incidence in animal 
populations, and this correlation is the only way that the disease can be observed, studied and 
controlled. Humans are most commonly affected by consuming either meat or dairy such as milk or 
young cheese produced from uncooked goat or sheep milk. Transmission of brucellosis from animal to 
human occurs through the air or via skin wounds. People working in the higher risk professions, such 
as the farming or meat industry as well as the veterinary or lab professionals, show higher incidence 
rate [3, 4].  

An estimate of a half of a million people per year seeking medical attention due to brucellosis has 
been given by World Health Organisation (WHO), although it is believed that the number of affected 
people is up to 25 times greater. 

Brucellosis, although in many countries controlled or completely eradicated, remains great health 
and economic problem. This is especially true in the regions in which highly contagious Brucella 
melitensis, causing disease in sheep, goats, and humans. 

It is believed that the first description of brucellosis was by Hippocrates (450-370BC) in his 
„Epidemic". The disease was found on the island of Thasos, Greece, around 430BC, causing long-term 
or occasional fluctuating fever, which could fit the clinical expression of brucellosis.  Most specialists 
agree that the first correct description of this illness expression was given in 1861. by Jeffery Allen 
Marston, assistant surgeon at the British Army Medical Department. The disease has had concerning 
proportions and caused a death of a great number of British soldiers situated at Malta [5, 6]. Up until 
1887. the real cause of their death remained unknown. This changed when British military general Sir 
David Bruce isolated bacterium, which he later called Micrococcus melitensis, from the spleen of the 
soldier that died from the Maltese fever. [3, 7]. In 1905. The mistocles Zammit, a Maltese member of 
the Mediterranean Fever Commission, reveals the zoonotic potential of the disease.  

By isolating Brucella melitensis from goat’s milk, Zammit tags goats as the brucellosis reservoir on 
Malta and stresses their role in the prevalence/spread of the Mediterranean Fever [8] The vet from 
Copenhagen, Bernhard Lauritz Frederik Bang isolates Bacillus abortus from foetus, placenta and 
uterine secretions in cows that have had miscarriages, and marks this bacteria in 1897. as the cause of 
infectious abortion in cattle in Denmark [9, 10, 11]. It has later been shown that this pathogen can 
affect people as well. Alice Evans, an American microbiologist, has described the relationship 
between this, Bangs disease and Maltese Fever in 1918. She stated that these two pathogens, 
Micrococcus melitensis, and Bacillus abortus, are related closely to their morphological and cultural 
aspects [9, 7]. Two years after this statement, Mayer and Shaw suggest Brucella as the name of the 
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newly classified bacteria, in honour to David Bruce [9, 12]  In 1914, Traum isolates bacterium he 
called Bacillus abortussuis, from the liver and the aborted material in the pigs [8, 13]. B. ovis in sheep 
was discovered by McFarlane with co-operators in 1952. at New Zealand and Simmons G.C. and Hall 
W.T.  in 1953. in Australia [14, 10, 7]. Stoenner and Lackman then followed with the discovery of the 
Brucella neotomae found in a species of desert rat in the south of USA in 1957 [15]. Almost a decade 
after, in 1968., Brucella canis was isolated by Carmichael and Bruner from the aborted dog foetuses 
[16]. 

In the last decade, four new Brucella types have been described, Brucella ceti and Brucella 
pinnipedialis which affect sea mammals [17, 18], Brucella microti which was isolated from rodents, 
Microtus alvaris found in the central Europe [18, 19, 20] and Brucella inopinata isolated from 
infected breast implants from the female patients with clinical presentation of brucellosis [21, 22]. 
According to the FAO/OIE/WHO [6], infection of sheep B. melitensis is found in the enzootic area of 
Mediterranean region, especially along the northern and east coast, spreading through Central Asia up 
to the Arabic peninsula and east to Mongolia. The disease is also found in the countries of Latin 
America, Africa and in India. 

It is also still found today in the small and large ruminants of Northern Ireland, Portugal, Spain, 
Italy and Greece, and in sheep and goats of Portugal, Spain, and Italy. 
In the territory of the Kingdom of Yugoslavia, brucellosis was first found in animal and then in human 
population in the years of 1912. and 1924. respectively in the surrounding of Kicevo. Reports of the 
occasional cases of brucellosis at Hvar and in the surroundings of Subotica and Maribor were 
submitted shortly after. In 1947., according to the data from the Federal Institute for Health Protection, 
the disease started having epidemic proportions in Istra and Slovenian seaside where it became of 
endemic character. In the same year, brucellosis was diagnosed in the Macedonian beef cattle. 
For a long period, brucellosis was not diagnosed on the SFRY territory. It was eradicated by planned 
control of animal health. Unfortunately, in 1968, brucellosis was reported again in sheep in Macedonia 
and in 1971. the sheep farm in the surroundings of Bitolj which imported infected sheep from Israel.  
Without appropriate restrictions, and taking into consideration that the sheep were used for breeding, 
brucellosis started spreading into the other parts of SFRY. Sampling sheep and goats for brucellosis in 
1992. in Macedonia lead to diagnosing 6890 infected animals. In the same year, 907 people got 
infected, which was the largest number found in the region until that point. Between 1980. and 1996., 
5447 human individuals were found infected by brucellosis in Macedonia [18].   
In the 80's, brucellosis was widespread in the neighbouring territories of Greece, Albania, as well as in 
Kosovo and southern municipalities of Serbia. The first cases of brucellosis in human populations of 
Kosovo were identified in 1980. During the 1981, brucellosis was identified on the beef cattle farm in 
Dusanovo near Prizren. In that occasion, the prevalence of the disease on the farm was found to be 
greater than 70%. From 1985. to 1994., 789 people were affected and one has died as a consequence 
of the brucellosis in the Kosovo. 

In the southern Serbia, first cases were documented in 1988., where the family members were 
affected in Konculj village of Bujanovac municipality. Serological testing has shown that the families 
buffalo and goat were Brucella positive.  

Traditional farming methods, involving keeping sheep on the shared pastures, with constant mixing 
of the flocks and breeding material, poor keeping conditions etc., have all contributed to the 
uncontrolled spread of brucellosis in Balkan area. Epizooty has been recorded in Istra once again in 
1990. followed by the one in the northern Croatia in 1991. In the years between 2004. and 2007. 
Bosnia and Herzegovina are affected by epizooty and epidemics of the large-scale. In Slovenia, 
brucellosis caused by B. melitensis and B. abortus has been eradicated in the earlier years which gave 
her status of a country free of brucellosis. Occasional episiotomies, caused by B. suis occur in many 
European countries, and are usually caused by B.suis biovar 2 specifically. B. suisbiovar 3 was also 
detected in swine and equine populations in Croatia, which was the first evidence of this strain.Great 
threat to the sheep farming is posed by B. ovis which can bring great losses to the industry 
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In order to improve surveillance and control of brucellosis, European Union (EU) has implemented 
various laws and restrictions regarding import and export of cattle and pig (EC 64/432), sheep and 
goats (EC 91/68), as well as regulations regarding products of animal origin, animal identification, 
tagging and etc. 

Various different agencies, as ECDC: European Centre for Disease Prevention & Control (2005) 
and EFSA: European Food Safety Authority (2002), are formed in the recent years in order to aid the 
control of zoonosis. Apart from these, much other organization has formed that are financed from the 
programs that support the eradication of brucellosis (Task Force for Monitoring Diseases Eradication 
(2000), Eradication programs, expert groups (2012). 

In 2006., EU referral lab was established with the task to coordinate the work of all the national 
brucellosis labs in the EU (organising proficiency tests, workshops, staff training and help in the case 
of appearance of brucellosis in the member countries). There is an established strategy for control and 
eradication of brucellosis in the EU. Where low prevalence of the disease is found, testing and culling 
are done. In the case of medium prevalence vaccination of the breeding females (S19, RB51 and REV 
1 vaccines for small and large ruminants) is also done, as well as already mentioned strategies, while 
in the case of high prevalence mass vaccination strategy is implemented (Greece and certain regions of 
Portugal). Conductions of common control and eradication politics in the case of brucellosis have led 
to a decrease in the incidence of the disease in the human population living in the areas. In the 1999., 
around 4000 people were affected by the disease, while in 2011. this number reduced almost ten times, 
with around 400 people affected in this year. The last ten years have shown great success in terms of 
the development of the strategies of livestock movements (identification, regular health checks, import 
and export controls) and reintroduction of vaccination as an important tool in disease control. Results 
of these actions are best seen in France and Cyprus where brucellosis has been eradicated, but also in 
NorthernIreland (eradication of B. abortus close to being accomplished) and Spain. A bit slower 
development is observed in Portugal and Italy, while Greece did not manage to get satisfying results. 
The appropriate strategies have been efficient, and constant surveillance and control are the priority in 
the areas that are disease-free. 

The threat of the disease remains constant in the countries that are still not affected or have had 
brucellosis extradited. Less strict border control, as in the case of Northern and Republic of Ireland 
and UK, or Belgium and France, BiH and Croatia (border areas), can lead to the spread of the 
brucellosis from the affected to the unaffected areas which was the scenario seen between the 
countries mentioned above. Wild reservoirs of the disease (B. abortus/B. melitensis) in the EU have 
not been identified until recently. Wild ruminants, in which few sporadic cases of B. abortus and B. 
melitensishave been discovered, were considered the dead-end hosts In the December of 2011. B. 
melitensis was found in the people living in the alpine areas of France. Following the discovery, 
control of the wild ruminants was enforced. In 2012. anAlpine Ibex was identified as the primary 
reservoir of the disease. (22 positive results from 77 tested animals). 
Although each country has its own regulations regarding the disease, livestock movement, tagging 
etc., all those regulations are closely related to the ones issued by the EU. However, strategies for 
disease control are differentiated in different countries, as it is dependent on the status of the disease in 
the country, it's economic, social and political circumstances and other factors important for 
implementation of advanced measures involved in the control of brucellosis.  

"TASK FORCE" for the region? Formation of the group of individuals with various professional 
backgrounds, to meet occasionally in order to share information (professional workshops on different 
topics), exchange of the staff (lab training) etc.  

"TOP DIAGNOSTICS- molecular epidemiology" –Insufficient research of the regional 
epidemiology enables efficient disease control.  

Classic serological and microbiological techniques are insufficient. Molecular research using PCR 
(BRU-UP, BRU-LOW, Bruce ladder, Multiplex suis, RFLP) is a better option, as the genetic 
homogeneity of the Brucella genus (>90%) poses great obstacles with subtyping using microbiological 
or serological methods.  Identifying differences between the strains, finding the source of the 
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infection, differentiation between the vaccinated and wild strains is essential. Investigation of the locus 
number 16 which shows tandem repeats (MLVA-multiple locus number tandem repeat analysis) has 
come out as the most suitable method of genotyping as it also contains an international genotype base. 
We have proven the methods diagnostic ability ourselves. Strains are grouped together according to 
their phylogenetical and geographical connection, revealing their regional specificity which shows us 
the possible ways of the disease transmission between the animals. We have added more than 50 new 
genotypes in the international base and have introduced a new method that is now used routinely. 
These steps should contribute to the global efforts of the control and eradication of brucellosis, 
especially if they are followed by the extensive regional research. 
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Abstract. There is a significant lack of HACCP-educated and/or HACCP-highly trained personnel 
within the Serbian animal source food workforces and veterinary inspectors, and this can present 
problems, particularly in hazard identification and assessment activities. However, despite obvious 
difficulties, HACCP benefits to the Serbian dairy industry are widespread and significant. Improving 
prerequisite programmes on the farms, mainly through infrastructural investments in milk collectors 
and transportation vehicles on one hand, and increasing hygiene awareness of farmers through 
training on the other hand has improved the safety of milk. The decline in bacterial numbers on meat 
contact surfaces, meat handlers’ hands and cooling facilities presents strong evidence of improved 
process hygiene and justifies the adoption of HACCP in Serbian meat establishments. Apart from 
the absence of national food poisoning statistics or national foodborne disease databases, the main 
obstacle to fully recognising the impact of HACCP on the safety of animal source food in Serbia is 
the lack of research regarding the occurrence of chemical and/or physical hazards interrelated with 
its production. 

1.  Introduction 
Hazard Analysis and Critical Control Points (HACCP) seven principles today are read like the “ten 
commandments” among food producers whenever they discuss food safety. HACCP, which started as an 
idea between Howard Bauman from Pillsbury Company and NASA, has attained significant authority and 
will remain as a legacy that will not fade away. However, the way it has been implemented in different 
parts of a world, especially its inspection and control, although seven principles are widely understood and 
accepted, varies greatly [1]. HACCP is capable of accommodating changes, such as advances in equipment 
design and processing procedures, as well as technological developments. It can be tailored to address 
individual product or process. It is the best system currently available for maximising the safety of meat 
and meat products, as well as food in general, which is why it has been recommended for use in the food 
industry and promoted by governments and scientific groups for decades [2]. 

Once a visionary approach and today almost 60 years old, HACCP is an integral part of the American 
food industry but above all, the food safety inspection system. Richard Rominger – the Acting Secretary of 
Agriculture in its time, said: “We are proposing to reinvent the meat and poultry inspection system. HACCP 
will fundamentally reform our inspection system into a science-based system – a system which will ensure 
an even safer food supply.” [3]. For this purpose, the Food Safety and Inspection Service (FSIS) created a 
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new brigade of several thousand newly-employed Consumer Safety Officers (CSOs) who were charged 
with keeping meat safe from contamination. 

 In 1995, the US Food and Drug Administration (FDA) issued regulations that made HACCP mandatory 
for fish and seafood products, and in 2001, they issued regulations for mandatory HACCP in juice 
processing and packaging plants. HACCP has also been implemented by the United States Department of 
Agriculture (USDA). In 1998, USDA’s FSIS mandated HACCP for the nation’s meat and poultry 
processing plants. In addition, a voluntary HACCP program was implemented in 2001 for Grade A fluid 
milk and milk products under the cooperative federal/state National Conference on Interstate Milk 
Shipments (NCIMS) program [4].  

The Republic of Serbia, within its process of legal harmonization with the EU, recently reorganized its 
food safety system to comply with EU regulations according to acquis communautaire. The main goal of 
the on-going harmonization is to allow subjects in the food chain to perform their activities according to 
the EU regulatory requirements. Among the legislative changes, a new Food Safety Law was introduced in 
2009 [5]. This law mandatory requires implementation of a food safety system based on HACCP principles 
for all subjects in the food chain, except primary production. Full implementation of this law was set at 
June 1 2011 when the inspection service started on-site verification [6]. 

The introduction of this new Food Safety Law and mandatory HACCP implementation for all food 
producers, regardless of their type and size, achieved one goal with certainty and that was to fundamentally 
shift the burden of food safety regulation from the government onto the Serbian food industry. Rather than 
having the government assess the risk inherent in different food production difficulties (and bear the 
responsibility if it was wrong), Serbian food producers became responsible for the risk assessment. 
However, as in most developing countries, Serbian food processing industries lack the necessary basic 
scientific information (i.e., national food poisoning statistics or national foodborne disease databases) 
required to develop reliable hazard assessments [7] or to effectively assess the benefits of mandatory 
HACCP in terms of its ability to reduce the occurrence of foodborne illness.  

In 1995, US Government officials said that the system shaped by the new red tape – known as HACCP 
– will mean a safer food supply, if not immediately, then after the 3.5 year phase-in period [3]. Nowadays, 
we are celebrating the 6th birthday of HACCP in the Serbian food industry and the only thing we can be 
sure about is that it has not revolutionized our food safety inspection. Since its phase-in period was exceeded 
years ago, we believe that it is the time to evaluate the impact of HACCP on safety in the Serbian animal 
source food industry, at least.  

2.  Materials and methods 

2.1.  Survey on HACCP implementation in animal source food industries 
For both meat and dairy industries, a questionnaire was developed to identify the effects of HACCP 
implementation in Serbian meat industry, which included the issues regarding general information about 
the food business operators (such as the number of employees, status of HACCP system, information about 
the educational level, age and work experience of HACCP team members). Questions related to prerequisite 
programs (PRPs) that are implemented in the company were also included. Further questions were related 
to the incentives for implementing the HACCP system, costs, benefits and difficulties in 
implementation/operation of HACCP. All producers were visited and on-site interviews were performed. 
Respondents were mainly HACCP team leaders, production managers or owners. The respondents ranked 
these factors in order of importance according to their own conditions and experiences.  

2.2.  Meat industry sampling and methods 
A total of 48,246 swab samples were analysed from two types of meat establishments: 130 meat plants and 
220 meat retailers. The period covered was seven years long (from 2008 to 2014) divided into two terms: 
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first from January 1 2008 until May 31 2011 (a period of 41 months before mandatory HACCP 
implementation) and second from June 1 2011 until December 31 2014 (a period of 43 months after HACCP 
became obligatory). Samples were taken from three types of surfaces: food (meat) contact surfaces (cutting 
boards, machines, knives and slicers, tables and containers), cooling facilities (refrigerators, freezers and 
other meat and meat products cooling devices) and meat handlers’ hands.  
During the first term (January 1 2008 – May 31 2011) samples were analysed according to the Regulation 
(8) in force, for Aerobic Colony Count (ACC) using methods coherent with ISO 4833:2003. The new 
Regulation (9), effective from June 1 2011, legally prescribed methods that were used in the second term 
of our investigation. Samples were analysed for Aerobic Colony Count (ACC) according to ISO 4833:2003, 
Enterobacteriaceae (ISO 21528-2:2004), coagulase positive Staphylococcus (ISO 6888-1:1999), 
Salmonella (ISO 6579:2002) and Listeria monocytogenes (ISO 11290-1:1998). Samples were examined in 
an ISO/IEC 17025:2005 accredited laboratory. 
For the purpose of our investigation all the results and the respective number of microorganisms detected 
(n) were divided into four classes as follows: Class I (n ≤ 1 log10 CFU/cm2); Class II (1 log10 CFU/cm2 < 
n ≤ 2 log10 CFU/cm2); Class III (2 log10 CFU/cm2 < n ≤ 2.7 log10 CFU/cm2); Class IV (n ≥ 2.7 log10 
CFU/cm2). 
  

2.3.  Dairy industry sampling and methods 
Samples of raw milk were analysed at the reception of dairy plants and total of 45,600 samples from 
different locations were collected on a daily basis during four years (from 2006 to 2009). Samples of 
pasteurized milk were analysed after packaging in the dairy plants over three different periods. A total of 
558 samples were collected in the period before HACCP system implementation, 260 samples during first 
eight months following HACCP implementation and the final 677 samples in the period after additional 
infrastructural investments in the dairy plants. 
Samples of raw and pasteurized milk were analysed for total plate count (TPC), while pasteurized milk 
samples were also analysed for the presence of coagulase positive Staphylococcus, sulphite-reducing 
Clostridia, Proteus spp. and Escherichia coli. Methods for the laboratory determination of TPC, E. coli, 
coagulase positive Staphylococcus, sulphite-reducing Clostridia, Proteus spp. were adjusted to the National 
Regulation on microbiological methods for analysis of food (Regulation on methods for microbiological 
analysis and super analysis of food. Official Gazette SFRY No 25/1980. All raw milk samples were also 
investigated for the presence of antibiotics using the commercial SNAP tests (IDEXX Laboratories, USA). 
Tests were performed according to the manufacturer’s protocol. The acidity of milk was analysed by 
titratable method and expressed in Soxlet-Henkel degrees (°SH). Somatic cell count was determined using 
Fossomatic Minor (Foss, Denmark). Additionally, temperature of raw milk at the reception was also 
determined. 

Based on the TPC and somatic cell count, raw milk was classified into four different quality categories 
being extra class with TPC not exceeding 100,000 CFU/ml, I class with TPC between 100,001 and 500,000 
CFU/ml, II class with TPC between 500,001 and 1,000,000 CFU/ml, and III class with TPC greater than 
1,000,000 CFU/ ml. Requirements for the somatic cell count were always the same, less than 400,000 
cells/ml. The percentage of raw milk which belongs to the specific category was calculated as the amount 
in the total quantity of received raw milk for each year during the examined period. The percentage of raw 
milk that did not comply with the given specifications regarding presence of antibiotics, acidity > 6.8°SH 
or temperature of raw milk >10°C was calculated as the quantity of non-conforming raw milk in the total 
quantity of received raw milk. 

2.4.  Analysis of results  
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The results obtained for TPC in pasteurized milk during the examined period were expressed as log10 
CFU/ml, and used for the calculation of mean values, standard deviation and significance of difference 
between means using one-way ANOVA. Categorical variables (classes of surface hygiene in meat 
producing facilities) were expressed as percentages. Chi-Square test for association was used to discover 
possible relationships between results of meat process hygiene and the period (time) they were sampled. 
Yate’s correction was calculated when the expected frequency was less than 5. The level of statistical 
significance for all was set at 0.05. Statistical processing was performed using Microsoft Excel 2010 and 
SPSS Statistics 17.0. 

3.  Results and discussion 

3.1.  Impact of HACCP in the Serbian Dairy Industry 
From 27 companies that responded to the survey, 19 companies (70.4% of the respondents) claimed that 
they had a fully operational and certified HACCP system in place, while 8 companies (29.6%) implemented 
HACCP, but they had no third party certification at the time the survey was conducted. Almost 60% of the 
Serbian dairy industry respondents estimated that it had taken 12 months or less to implement HACCP 
system, while only 14.8% estimated that it took more than that. The most important motive for 
implementing HACCP system for Serbian dairy producers was to increase and improve safety of their 
products. The second most important incentive was the quality increase of their products, which was 
unexpected since HACCP was designed primarily with the food safety in mind. The cost of product 
investigation/analysis was on the top of their financial concerns, although it was logical to assume that 
HACCP is a system that minimizes testing by focusing on critical control points. The cost of hiring external 
consultants was rated as the second most important expense, in spite of the relatively high education level 
of their respective HACCP team members. A major difficulty encountered during HACCP implementation 
and operation was associated with the attitude/motivation of production staff and the need to retrain 
production and managerial staff. Cleaning and sanitation control of health and hygiene of employees, 
equipment maintenance and calibration, pest, water and temperature control together with traceability was 
used by almost 100% of the Serbian dairy plants covered by our survey. The most important identified 
benefits were increased safety of dairy products followed by increased customer confidence [10]. 

Our microbiological test results for TPC in raw milk indicated that in 2006, more than 55% of accepted 
milk belonged to the III class, which did not satisfy even official Serbian requirements. In the same period, 
only 36% of milk was of high quality (extra and I class). When the microbiological results of raw milk were 
examined for the following three years (from 2007 till 2009), the percentage of class III milk in total raw 
milk decreased, being only 20.3% in 2009. At the same time, the percentage of raw milk of extra and I class 
increased from 36.5% in 2006 to 53.7% in 2009. In addition, the percentage of milk that was classified as 
non-conforming (related to the specification set up for antibiotic residues, SH-acidity or temperature of raw 
milk), decreased or fell to completely non-existent levels [11]. 

Microbiological analysis of pasteurized milk samples was also performed in the periods before and after 
HACCP implementation. The results obtained indicated a significant decrease (p < 0.05) in TPC from 
3.32±0.48 to 3.11±0.30 log CFU/ml for results obtained before HACCP implementation and during the 
first eight months after implementation. The other investigated bacteria were not present in all investigated 
periods. The reason the results indicated only 0.21 log CFU/ml decrease in TPC after HACCP was 
implemented can be explained by the fact that the time/temperature regime during pasteurization process 
had been already followed before HACCP was put in place. As a result of HACCP implementation, 
pasteurization of milk has been more carefully followed and monitored, resulting in the obtained decrease. 
Eight months after HACCP implementation, the results showed even more pronounced decrease, from 
3.11±0.30 to 2.18±0.54 log CFU/ml (p < 0.05). This improvement in microbiological quality of pasteurized 
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milk was possibly related to the infrastructural investments in the factory, mainly concerning new 
pasteurization units and automated cleaning and disinfection systems [11]. 

3.2.  Impact of HACCP in the Serbian Meat Industry 
From 77 companies that responded to the survey, 72 companies (93.5% of the respondents) claimed that 
they had a fully operational and certified HACCP system in place, while 5 companies (6.5% of the 
respondents) implemented HACCP, but they had no third party certification at the time the survey was 
conducted Almost 50% of the Serbian meat industry respondents estimated that it had taken 12 months or 
less to implement HACCP system, while only 11.7% estimated that it took more than that. It was apparent 
that regulation is a very important incentive for HACCP implementation and the degree of enforcement can 
cause even the smallest of enterprises to comply without question, as was the case with 100% of the meat 
producers in our investigation. The other major incentive for the implementation of HACCP was an increase 
in product safety and quality. Major costs of implementing HACCP were associated with investment in 
new equipment while major difficulties experienced while implementing it were associated with recouping 
its costs. It was obvious that most of the costs involved with HACCP could not be recouped in the short 
term [12].  

The most widely followed PRPs in the Serbian meat industry were cleaning and sanitation, temperature 
control, pest control and the control of the health and hygiene of the employees, all above 90% among the 
surveyed meat producers. Only 60% of respondents used waste and wastewater management and less than 
30% of respondents regularly controlled air in their processing area or had allergen declaration [13]. 

The most evident impact of HACCP on meat process hygiene was observed in meat contact surfaces, 
where 90.45% of the ACC samples taken in meat plants and 98.3% of the ACC samples taken in meat retail 
were above 2 log10 CFU/cm2 before HACCP. After mandatory HACCP implementation, these values 
dropped below 2 log10 CFU/cm2 in 96.38% of the cases for meat plants and 85.8% of the cases for meat 
retail. Class IV (n ≥ 2.7 log10 CFU/cm2) of the hand swab ACC results was the prevailing category in 
Serbian meat plants (52.71%) and meat retailers (51.10%) until May 31 2011. In the period of 43 months 
that followed, Class III (2 log10 CFU/cm2 < n ≤ 2.7 log10 CFU/cm2) took precedence, accounting for 97% 
and 98.96% of the hand swab ACC samples for meat plants and meat retailers, respectively. In the same 
period, the number of surfaces positive for Enterobacteriaceae steadily declined in both meat plants and 
meat retailers for all types of surfaces examined. The improvement in process hygiene was even more 
obvious in meat retail facilities, especially regarding food contact surfaces where the percentage of positives 
dropped from 31.4% in the second half of 2011 to 14.4% in 2014. The same period for meat plants indicated 
a 10% decrease of Enterobacteriaceae-positive food contact surfaces [14]. 

Because meat handlers have a very important role in the prevention of meat poisoning, as they can 
introduce pathogens within the entire food chain, we also investigated the level of food safety knowledge 
among meat handlers in the Serbian meat industry, in different stages of the meat chain, i.e. in 
slaughterhouses, meat processing plants and retail stores. The average food safety knowledge score for all 
352 Serbian meat handlers surveyed was 64%, whereas handlers from slaughterhouses and meat processing 
plants obtained significantly better scores (65% and 66%, respectively) than handlers from retail (60%, 
p˂0.05). The knowledge score among all meat handlers was significantly associated with the age, education 
and previous food safety training. Meat handlers with the lowest education (only primary school) scored 
the lowest values (59%), and the highest educated participants (holding university degrees) scored the 
highest values (76%). Results indicated that 57.9% of meat handlers could identify that bacteria will readily 
multiply at 25°C, but they did not understand the manifestation of bacterial growth and incidence in food, 
as only 5.5% of all meat handlers knew that food contaminated with food poisoning bacteria cannot be 
recognized by visual, olfactory or taste checks [15]. 

4.  Conclusions 
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There is a significant lack of HACCP-educated and/or HACCP-highly trained personnel within the Serbian 
animal source food workforces and veterinary inspectors, and this can present problems, particularly in 
hazard identification and assessment activities. The supply of Serbian language HACCP guidelines is also 
very limited and therefore a heavy reliance upon foreign language (predominantly English) documentation 
is evident. 

However, despite obvious difficulties, HACCP benefits to the Serbian dairy industry are widespread 
and significant. In particular, Serbian dairy producers reported increased safety and quality of the products, 
increased customer confidence and better discipline of the employees. Increased product sales and the 
ability to use HACCP as a legal instrument against complaints were equally important. Improving PRPs on 
the farms, mainly through infrastructural investments in milk collectors and transportation vehicles on one 
hand, and increasing hygiene awareness of farmers through training on the other hand improved the safety 
of milk. 

The main reasons for successful implementation of HACCP among the Serbian meat producers were 
well placed and closely followed PRPs. The decline in bacterial numbers on meat contact surfaces, meat 
handlers’ hands and cooling facilities presents strong evidence of improved process hygiene and justifies 
the adoption of HACCP in Serbian meat establishments. 

Apart from the absence of national food poisoning statistics or national foodborne disease databases, the 
main obstacle to fully understanding the impact of HACCP on safety of animal source food in Serbia is the 
lack of research regarding the occurrence of chemical and/or physical hazards interrelated with its 
production. 
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Abstract. An increased incidence of foodborne illnesses caused by Norovirus and consumer 
demand for fresh, convenient, and safe foods have prompted research into alternative antiviral 
processing technologies. Chlorine dioxide, UV treatment and thermal processing are standard 
antinoroviral technologies that have been employed for a while; however, they tend to be non-
effective in modern processing due to residue concerns (ClO2), shadowing effects (UV) and 
low-energy efficiency (heat treatment). Alternative technologies have been validated such as 
ozone treatment, high pressure processing and pulse electric fields. Although these techniques 
are promising, none of them individually can deem food free of Norovirus. Further research on 
the effects on Norovirus in various food matrices is required. Good manufacturing practices 
and proper sanitation procedures remain the “gold” safety tools in food business. 

1. Introduction 
Noroviruses (NoV) are small, non-enveloped viruses with a single-stranded RNA genome that make 
up the genus norovirus of the family Caliciviridae. These viruses cause acute diarrhoea with an 
incubation period of 24 to 48 hours [1]. NoV usually have a low infectious dose of as few as 10 virus 
copies [2], they are highly infectious, and can be spread by water, aerosol vomitus droplets, person-to-
person contact, fomites and food. Outbreak control is hindered by the low infectious dose and 
environmental persistence of the virus. 

When it comes to NoV shedding in human infection, it was determined that the amount of 
norovirus shed was approximately 9.5 × 109 genomic copies/g faeces as determined using quantitative 
reverse transcriptase-PCR (qRT-PCR). Viral shedding usually lasts up to 10 days after infection [3]. In 
contrast to some of the other enteric viruses, the genetic type of NoV may impact its resistance or 
sensitivity to inactivation treatments. They are divided into six major genogroups designated GI 
through GVI. GI and GII contain the majority of NoV strains associated with human illness and are 
further divided into about 30 genotypes. Genogroup V includes murine norovirus (MNV), which is the 
most genetically similar laboratory surrogate for human noroviruses. 

Since NoV have an RNA genome and replicate rapidly using a polymerase that lacks 3’-5’ 
proofreading activity, they would be expected to mutate quickly. This was demonstrated by Nilsson et 
al. [4], who found 32 amino acid changes in the capsid protein of a norovirus shed chronically over 1 
year by an immunocompromised patient. A single genotype, GII.4, has been associated with the 
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majority of worldwide outbreaks since the mid-1990’s, when active surveillance with reverse 
transcriptase-PCR (RT-PCR) was initiated. Thanks to implementation of these molecular diagnostic 
techniques during 1990s, an increase in the percentage of all documented laboratory-confirmed 
outbreaks due to noroviruses increased from more than 10-fold in 2000s [5]. However, regardless of 
this increase, gastrointestinal illnesses from noroviruses are still grossly underreported. As predicted 
by Widdowson [5], the CDC [6] confirmed that noroviruses were the cause of >50% of foodborne 
disease outbreaks. Greater than 56% of norovirus outbreaks are associated with eating salads, 
sandwiches, or fresh produce indicating that contamination of foods usually requires handling without 
an intervening heating step [5]. 

Many industrial techniques for controlling bacterial levels in food, including pH, temperature, and 
water activity are mostly ineffective barriers against NoV viral transmission to human hosts [7]. Up-
to-date food hygiene criteria, which are optimized for the prevention of bacterial growth, may not be 
effective against NoV [1]. Since enteric viruses must survive the enzymatic and extreme pH 
conditions of the upper gastrointestinal tract to infect a host, they are resistant to a wide range of 
commonly used food processing, preservation, and storage treatments. Additionally, ingredients of the 
food itself may provide protection to virus particles against processing methods and host ingestion. 

There has been increasing consumer’s demand for food that is minimally processed, additive free, 
and that has an extended shelf life. Therefore, there also has been greater interest in the commercial 
development of non-thermal processing technologies. This interest is motivated by the advantages of a 
preservative process that effectively inactivates problematic microorganisms and proteinaceous 
metabolites, increases shelf life while retaining the sensory attributes and nutrient content similar to 
the raw or fresh product. There are many non-thermal treatments that are in various stages of 
development that have the potential to destroy pathogens and retain food quality [8]. Key role in NoV 
inactivation plays either changes in protein capsid layer or damage of NoV RNA. Structural changes 
in capsid cause failure to recognize receptor on host cell thus disabling virus to enter host, while 
treatments damaging NoV RNA render virus incapable to enter lysogenic/lytic cycle. 

In this paper, we will discuss on three currently employed non-thermal noroviral inactivation 
treatments in food. 

 
2. Ozone 
Ozone (O3), a strong oxidizing agent which has been widely used as a disinfectant in drinking water 
treatment plants in many European countries, receiving more attention after the discovery of 
potentially harmful chlorine by-products [9,10]. Owing to its high effectiveness and lack of residue 
after disinfection (unlike chlorine dioxide), ozone can be used for both surface and groundwater 
disinfection. 

Ozone is a naturally occurring form of oxygen that exists as a bluish gas with a strong odour. It is 
moderately soluble in water and is effective at killing a range of microorganisms through the oxidation 
of cellular membranes [11]. Due to its oxidizing potential is 2.07 mV, it is considered as one of the 
most powerful common oxidizing agents available [12]. The antimicrobial effectiveness of ozone can 
be up to 52% stronger than chlorine [13], and it is active over a much wider spectrum of 
microorganisms than chlorine and other disinfectants. 

The potential targets of viral inactivation by ozone treatment are the viral capsid proteins, antigenic 
sites for host cell receptor attachment and nucleic acid of non-enveloped viruses such as NoV. The 
interaction of ozone with the viral capsid proteins and antigenic sites may affect the adsorption and 
penetration of the virus into host cells. However, ozone also does penetrate through the capsid to RNA 
core inside virus, thus rendering RNA defective and prevent the replication of the virus after infection 
[14,15]. Typical ozone treatment (0.51 mg/L) at 20°C and pH 7.2 with a 2-min contact time resulted in 
approximately 75% of viruses still capable of cell attachment but >90% of these were non-infective. 

Ozone decomposes in the water phase of foods very fast that which results in expression of its 
antiviral effect mainly at the surface of solid foods. Main product of O3 disintegration is plain oxygen, 
so there are no safety issues related to residual hazardous ozone residues in the treated food products 
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or surfaces [16]. What also a positive effect of ozone is, the rapid breakdown prevents the 
accumulation of waste products from the process in the environment [17]. Thanks to its high oxidation 
potential, ozone quickly kills microorganisms; yet, it also reacts rapidly with complex organic 
compounds as found in foods. The existence of organic substances can neutralize the ozone required to 
inactivate microorganisms once being mixed with food. 

Ozone should not be used directly on high ozone-demand foods, such as meat products, because 
the application of ozone may change sensory qualities of the product [18]. Aqueous ozone is 
applicable on products that have smooth and intact surfaces with low ozone demand such as fruits and 
vegetables [17,19]. Ozone is applicable in the industry to treat process water, as a fruit and vegetable 
wash, in fruit and vegetable storage, and in recycled water where fresh fruits and vegetables are first 
washed by ozonated water [20]. 
 
3. High pressure processing 
High pressure processing (HPP) has emerged as a novel technology for food processing where foods 
can maintain their raw character and flavour. Applications of HPP include its use as a “cold 
pasteurization” method for fruit juices, a means of sanitizing packaged ready-to-eat meats, and 
inactivation of spoilage enzymes to enhance refrigeration shelf-life of avocados and guacamole. High 
pressure can also separate raw shellfish meat from its shell [21]. 

Successful inactivation of NoV varies depending on time, temperature, pressure level, and 
characteristics of the food matrix. The main mechanisms of noroviral inactivation by HPP is altering 
the virus capsid or protein coat surrounding the positive-stranded RNA. Enteric viruses are non-
enveloped and, by definition, do not contain lipid envelopes. Therefore, HPP inactivation of foodborne 
virus, unlike foodborne bacteria, has no lipid-specific component. High pressure usually does not 
disrupt covalent bonds and it is hypothesised that high pressure does not damage the primary structure 
of nucleic acids, such as the RNA encoded within these viruses. It makes sense, therefore, that HPP 
inactivation is a function of pressure’s effect on virus protein conformations. Pressure-denaturation of 
proteins is a complex event and is dependent upon the structure of the protein, pressure range, 
temperature, pH, and solvent composition (including the presence of sugars, salts, and other additives) 
Pressure-induced changes to the viral coat can be discreet modifications to capsid proteins or receptor 
recognition proteins that result in loss of NoV infectivity.  

Viewed from a capsid function perspective, the virus must attach to its host cell receptor, penetrate 
the cell membrane, and then release the RNA into the cytosol of the cell. Once inside the cytosol, the 
virus RNA genomes of picornaviruses and caliciviruses are functional mRNAs that are sufficient to 
initiate transcription and subsequent virus replication [22]. Thus, high pressure must cause a protein-
mediated effect that prevents virus attachment, penetration of the host cell, or uncoating once the virus 
has entered the cell. 

An increase in pressure level has a greater effect on viral inactivation compared to increases in 
treatment time [23]. Typical pressures used for commercial food processing machines are as high as 
600 MPa (1 MPa equals 9.87 bar). Commercial HPP units are quite large with capacities exceeding 
several hundred litres. Processing is by the batch with machines filled, treated for short intervals 
(usually less than 5-min), and then emptied. Commercial units are almost exclusively water based, but 
research units can use water, oil, or alcohol as the pressure application medium. Although HPP is 
classified as a non-thermal process, an adiabatic heating effect occurs under pressure that can be 
substantial with increasingly greater adiabatic heating effects observed for water, oil, and alcohol 
pressure medium [24-26]. Therefore, while the temperature before pressure application of 600-MPa 
may be at 25°C, the expected temperature achieved under pressure assuming a 3.5°C adiabatic heating 
per 100-MPa for a water-based unit, would increase to approximately 46°C [21]. 

Some viruses are extremely pressure-resistant, while others are sensitive; FCV is completely 
inactivated by pressures as low as 275 Megapascals (MPa) for 5 min [22]. 

A human volunteer study involving HPP treatment of NoV-contaminated oysters was performed 
[27]. This was accomplished by injecting 104 RT-PCR units of GI.1 NoV into pressure-shucked 
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oysters. A 5-min, 400-MPa treatment at 25°C was not sufficient to inactivate the virus. Testing a 
second volunteer group with 5-min-, 600-MPa-treated virus at 6°C indicated that the virus was 
completely inactivated. A third group was fed NoV-contaminated oysters after a 5-min, 400-MPa 
treatment at 6°C. This treatment reduced the numbers of volunteers who became sick, but did not 
completely protect all volunteers. Therefore, pressures of at least 400-MPa or higher would be 
required to make human NoV-contaminated shellfish safe for consumption. Based on the reduction of 
human volunteers, it was postulated that the 400-MPa, 6°C treatment probably inactivates between 3- 
and 4 log10 of human NoVs [27]. This conclusion is also supported by subsequent research which has 
shown a dramatic drop in NoV’s ability to bind to virus receptor-like swine mucin glycoproteins after 
a 5-min, 400-MPa treatment at 5°C [28]. This drop was not observed for a 5-min, 300-MPa treatment 
at 5°C [28] which is not sufficient to inactivate NoV. The volunteer study also confirmed that colder 
temperatures did enhance the inactivation of human norovirus as was observed for the NoV surrogates 
FCV and MNV since complete inactivation of NoV was observed when pressure was applied at 6°C 
and not 25°C for 400-MPa treatments. 

In conclusion, NoV can be inactivated by HPP. However, given the complexities of food matrices 
(water activity, carbohydrates, ionic strength) and variable response of different viruses, direct 
validation of HPP conditions within the food or food matrix being produced will be required in future. 
 
4. Pulsed electric fields 
Pulsed electric fields (PEFs) are another non-thermal process that can be used to inactivate foodborne 
pathogens in foods and beverages. Pulsed electric field processing is conducted by passing short high 
voltage electrical pulses through a fluid. These short electrical pulses may range anywhere between 
microseconds up to milliseconds, and the food may be processed at either ambient or refrigerated 
temperatures. The pulse process typically occurs in milliseconds, but the localized heating of the food 
from this short pulse is significant and should be measured or controlled. 

In order to be successful, food preservation requires the inactivation of not only spoilage 
microorganisms and pathogenic microorganisms, but also enzymes that catalyse unwanted chemical 
degradation in foods limiting their shelf life. PEF has the advantage of being able to inactivate both 
enzymes and microorganisms. Although the antibacterial effects of pulsed electric field treatment are 
well documented, little information is available on its antiviral effects. The few studies carried out on 
enteric viruses show that pulsed electric fields of strengths up to 29 kV/cm do not produce the minimal 
3 log10 cycle reduction of infectious particles required to warrant further attention [18,29]. 

Mechanism of activity relies upon the “dielectric rupture theory,” proposed by Zimmerman [30]. 
The external electric field will induce a change in transmembrane potential (TMP) across the cell 
membrane of a target organism. When this TMP reaches a threshold value, pore formation or 
electroporation of the cell membrane may occur. This will in turn induce an increase in cell membrane 
permeability, which can be lethal to the cell. It is hypothesized that the mechanism is somewhat 
similar in viruses, where PEF affects the outermost protein capsid of the virus, allowing its genetic 
material to escape the cell making it non-infectious. 
 
5. Conclusion 
Traditional thermal processing is highly efficient in inactivation of noroviruses although it may not be 
the most effective way for optimisation of food safety. Having in mind recent outbreaks in fruit and 
other RTE food, new technologies should be taken in account in NoV combat. These emerging 
technologies will help food business operators firmly to hold balance between safe NoV inactivation 
and the preservation of sensory properties. 

For sure, no technology itself can deem complete NoV inactivation. This is due to specificity of 
non-envelope enteric virus, influence of food matrix, mechanism of inactivation, and virus strain. 
Further research on the effects on viruses in various food matrices is required. While all these 
techniques improve antiviral safety of food, good manufacturing practices and proper sanitation 
procedures remain the “gold” safety tools in food business. 
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Abstract. Meat is a perishable product with a short shelf life and therefore short 
selling times. Therefore, cold chain management in meat supply is of utmost 
importance for the maintenance of quality and safety of meat/meat products. Raw 
meat/meat products are likely to support the growth of pathogenic microorganisms 
and/or spoilage bacteria, and should be kept at temperatures that do not result in a risk 
to health. The cold chain should not be interrupted at all times along the meat 
distribution chain. The complexity of global meat supply chain, with frequently long 
distribution chains associated with transportation of the product within one country, 
from one to another country and from one to another continent, makes the solutions 
for the chilling and freezing regimes, as well as monitoring of time-temperature 
profiles, very important for the overall success in delivery of product which will be 
accepted by consumer for its freshness and safety levels. From recently, there are 
several available options for control and management of the cold chain, such as chilled 
and frozen storage combinations, superchilling, ionizing radiation, biopreservation, 
high hydrostatic pressure (HHP), active packaging, wireless sensors, supported with 
the software-based cold chain database (CCD). 

1.  Introduction 
Meat is a perishable product with a short shelf life and therefore short selling times. In contrast to 
fresh fruit and vegetables, packaged meat has to be declared with a `use by` date [1]. The maintenance 
of the cold chain is also one of the main principles and basic requirements of European Union (EU) 
legislation on food hygiene [2]. Raw materials, ingredients, intermediate products and finished 
products that are likely to support the growth of pathogenic microorganisms and/or spoilage bacteria, 
are to be kept at temperatures that do not result in a risk to health. The cold chain should not be 
interrupted at all times along the meat distribution chain [3]. 

It is known that shelf life of chilled fresh meat can be extended by various packaging solutions, 
such as vacuum or modified atmosphere packaging (MAP) [4, 5, 6]. However, a freshness of chilled 
meat is strongly influenced by temperature. Inadequate storage, distribution and retail temperatures 
can lead to a significant reduction in shelf life and early spoilage of meat and meat products [6].  

Healthy animals that are hygienically slaughtered after proper resting and fasting provide a 
practically aseptic meat. However, during slaughter, evisceration and dressing operations the microbial 
cross-contamination usually occurs, especially on the surface of meat, via contact with equipment, 

http://creativecommons.org/licenses/by/3.0
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tools, hands, clothes, objects, etc. Meat is a particularly favorable substrate for the growth of 
microorganisms due to its chemical composition, e.g. rich in proteins, lipids and water. The lipid 
content of meat also makes it very sensitive to oxidation (the reaction of oxygen with fatty acids) and 
subsequent production of peroxides. The breakdown products of the peroxides produce the 
characteristic objectionable odor and flavor of rancid meat. 

Several weak points exist in meat cold chain, such as the chilling of products during storage - 
before shipping, temperature abuse during transport and transferring products from one actor to 
another and waiting times during consolidation and deconsolidation at retail [7, 8, 9]. Temperature 
abuses result in variations of product quality during distribution and at the end of shelf life and may 
cause spoilage before the use by date is reached, leading to food waste and economical losses. The 
vulnerability of meat cold chain became very important in modern, global meat trade where 
distribution chain is sometimes very complex and long (slaughterhouse-transportation/distribution-
retail-consumer continuum), where meat has to be shipped from one to another country or from one to 
another continent (Figure 1). Therefore, the management of cold chain is of paramount importance and 
presents a permanent challenge to maintain the safety and freshness of chilled fresh meat until it 
reaches the final consumer. 

 
 
 
 
 
 
                                                                                                  Transport                                           
           Farm        Transport         Slaughterhouse                Distribution          Retail      Consumer                            
                              National                Chilling room                    Wholesale                               National             
                         International               Deboning room               Distribution                         International 
                                                           Storage chiller 
 
 

Figure 1. The schematic layout of meat supply cold chain 

2.  Meat spoilage 
Pork, beef, lamb and poultry carcasses are chilled immediately after post-mortem inspection at 
slaughter line and/or in slaughterhouse chilling rooms. The chilling process is aerobic as the carcasses 
are exposed to air circulation. Most often, after 24-96h of chilling, the carcasses are usually moved to 
a boning/cutting room where they are further cut into primary cuts (primals). The primals can be 
typically stored up to 6 weeks in vacuum packs under anaerobic conditions [3]. Ground meat products 
may be prepared from trimmings from deboning and/or trimmings from primals after 6 weeks of 
anaerobic storage; these may be stored aerobically or anaerobically (Figure 2). 
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Figure 2. The chilling and chilled storage conditions for beef, pork and lamb carcasses and their 
primals and trimmings (adapted from [3]) 

 
It is well known that chilling of red meat and poultry carcasses is essential to retard bacterial 

growth. Chilling is also required for appearance and eating quality of meat. Most frequently bovine, 
pork and lamb carcasses are chilled using a forced convection of chilled air [10], although spray 
chilling (application of a fine spray) may also be used since it is faster than air chilling and it is 
primarily used in poultry, but may be also used in beef, pork and lamb processing plants. 

According to Regulation (EC) 853/2004/EC the carcasses should be immediately chilled after post-
mortem inspection to ensure that the temperature throughout the meat is < 7°C and < 3°C for offal. 
Interestingly, the provision on time limit by when this temperature must be achieved is not defined. 
For example, beef and lamb carcasses are usually not chilled to < 10°C (core temperature) within the 
first 10h to avoid cold shortening and toughening of the meat. Therefore, such conditions are favorable 
for the bacterial growth on the surface of the carcass, until the temperature is sufficiently reduced to 
retard bacterial activity [3]. 

Meat is considered to be spoiled when certain sensory changes occur, e.g. discoloration, off-odor 
and/or slime development and is usually primarily triggered by spoilage bacteria (Table 1) although 
indigenous enzymes may also be involved [11]. For instance Pseudomonads, Lactobacillus and 
Enterococcus produce slime on meat, while Enterococcus produce hydrogen peroxide greening spots, 
similar to greening caused by Clostridium spp. The growth of bacteria on meat surface is influenced 
by temperature, pH, water activity, nutrient availability, storage atmosphere (aerobic or anaerobic) and 
competition with other microbiota present on meat [12]. 
 
Table 1. The overview of the main meat/meat products spoilage defects and causal bacteria (adapted 

from [8]). 
Defect Meat/Meat product Causal bacteria 
Slime Fresh meat Pseudomonads, Lactobacillus, 

Enterococcus, Weissella, 
Brochothrix 

Hydrogen peroxide 
greening 

Fresh meat Weissella, Leuconostoc, 
Enterococcus, Lactobacillus 

Hydrogen sulfide 
production 

Cured meats Vibrio, Enterobacteriaceae 

Sulfide odour Vacuum-packed fresh meat Clostridium, Hafnia 
Cabbage odour Bacon Providencia 
Cheesy or dairy odour Vacuum-packed fresh meat Brochothrix thermosphacta 
Putrefaction Ham Enterobacteriaceae, Proteus 
Bone taint Whole meats Clostridium, Enterococcus 
Souring Vacuum-packed meats Lactic acid bacteria, 

Enterococcus, Micrococcus, 

Trimmings Trimmings 

Trimmings stored aerobically or 
anaerobically (vacuum-packed) at 0-2°C 

Storage chiller 
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Bacillus, Clostridium 
 

3.  Meat supply cold chain management 
Preservation of red and poultry meat for trade and export purposes as anaerobic vacuum-packed 
product in either chilled or frozen form at sufficiently cold temperatures is essential for successful 
national and international trade [13]. The impact of long-term chilled storage, as well as frozen storage 
for export purposes was thoroughly investigated [12, 14]. It was proved that frozen storage durations 
were extended for more than one year [15]. In spite of these advances, improvement of preservation 
technologies within the current export cold chain remains an issue, in particular at industrial level, 
with potential for advancements encompassing superchilling, ionizing radiation, biopreservation and 
high hydrostatic pressure or high pressure processing (HPP) [16]. 

3.1.  Cold chain in slaughterhouse  
In slaughterhouse the meat chill chain starts with two main steps: (a) the primary chilling (rapid 
cooling of meat carcasses after slaughter) so that the warmest point of the carcass (center of the hind 
leg) has to reach a temperature of about < 7°C  / 3°C for edible offal and < 4°C  for poultry carcasses, 
to prevent microbial growth and extend the shelf life; with current technology these temperatures can 
be arrived at in 16–24 hours in small carcasses (lamb), in less than 48 hours in large carcasses (beef, 
pork) and less than 2h for poultry carcasses (internal deep breast); average and surface temperatures 
are obviously much lower, reaching 0°C on the surface within four hours; this is very important to 
slow microbial proliferation; and (b) secondary chilling (maintenance of the meat temperature below 
7°C (red meat) and below 4°C (poultry meat) at all times during chill storage, cutting, deboning, 
mincing), before transportation. 

The most common technologies to chill meat before transportation are: (i) air chilling, (ii) 
immersion chilling, (iii) spray chilling, and (iv) vacuum chilling [17].  

3.1.1.  Air chilling. The effectiveness of air chilling applications depends on a number of factors 
including air temperature and velocity, relative humidity, weight, fat cover of carcasses and loading of 
chilling chamber. Air temperature must be within the region of 0°C, with no decrease below -1°C, 
which could freeze the meat surface and impair its appearance. Air speed can range from 0.25 to 3.0 
m/s. However, for economic reasons the most common speeds in use are from 0.75 to 1.5 m/s in the 
empty section of the cold chamber. Relative humidity during the chilling operation should be kept 
high to prevent excessive weight loss. The recommended rate is between 90 and 95 %, though this is 
the most difficult factor to control. It is worth of note that sometimes quick chilling has its problems 
because of the `cold shortening`. Cold shortening can often be seen in beef and mutton, when the 
meat, still in its pre-rigor phase, reaches temperatures of 10°C or lower. These conditions cause 
irreversible contractions of the muscle tissue which toughen the meat even after prolonged ripening. 
Quick primary chilling also signifies an increase in investment and higher operational costs. The 
chilling period can be reduced by lowering the air temperature (surface freezing risks) or increasing air 
speed (higher operational costs) or both. Occasionally cold chambers are refrigerated in advance to 
reach lower temperatures than those in operation (-5°C/-6°C for beef; -10°C/-12°C for pork), taking 
advantage of thermal inertia to offset the effect of warm meat loads [18].  

3.1.2.  Immersion chilling. This is the oldest chilling method and also the least expensive method and 
provides very rapid cooling with no risk of freezing. Immersion chilling is an off-line system that does 
not allow automatic weighing before and after chilling and is commonly used for the chilling of 
poultry carcasses, predominantly in USA. Immersion chillers use little floor space and are very energy 
efficient. The process can be accomplished using just tap water with or without flaked ice or pre-
chilled water to create lower temperatures in the immersion bath. Such system is capable of lowering 
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the temperature of the tap water to 1°C. This process can result in product weight increase by means of 
a controllable water pick-up. An increase of up to 12% can be achieved. 

3.1.3.  Spray chilling. This is an alternative method to immersion chilling which has been increasingly 
used especially in the USA for the chilling of poultry carcasses. Spray chilling can be applied in the 
processing and production of `frozen products` or `hard scalded birds`, as well as ‘fresh products’ 
or `soft scalded birds`. This chilling method is based on combination of sprays and air during the 
initial stage of the chilling cycle and the use of air for the rest of the chilling period; it uses a cold 
airflow across the surface of the product and intermittent spraying with cold water. This system 
prevents the skin from drying out and speeds up the chilling process. With this technique, the 
discolouration of the skin, which can occur with hard scalded birds, is prevented. Usually, spray 
chilling tunnels are designed to take one layer of birds in order to prevent cross contamination. Two 
layers are possible, but the bottom layer must be positioned in between the lines of the top layer to 
prevent drip contamination and additional drip troughs are required. 

3.1.4.  Vacuum chilling. This is a rapid batch process whereby moist products containing free water 
are cooled by evaporation of moisture under vacuum. The advantage of this technology is that it 
significantly reduces bacterial counts of phychrophiles and mesophiles after the meat was stored for 
several days. Vacuum packed chilled meat has significantly longer shelf life compared with 
conventionally chilled wrapped meat. For instance, vacuum packed beef cuts can be stored for up to 
12 weeks, while lamb and pork cuts can have a shelf life for up to 5 and 8 weeks, stored at 0°C, 
respectively. The disadvantage is the large weight loss of meats. 

3.2.  Cold chain in meat distribution 
During meat distribution (transportation) route to the final user - wholesale cold storage and/or display 
at retail, the cold chain must be maintained vigorously. Industrial and/or truck chambers have different 
characteristics and performances. Its size, initial temperature of incoming meat, targeted temperature 
during transportation, mechanical characteristics (e.g. power of compressors, ventilation and 
insulation), as well as energy/cost matters are issues of first priority when considering the meat 
distribution/transportation [17]. In general, the vehicle must be provided with a good refrigerated 
system capable to maintain the required temperature of meat/offal at all times during distribution (see 
3.1.).  

3.3.  Cold chain in meat retail 
The maintenance of cold chain during display at retail is of crucial importance for prevention of 
microbial spoilage, as well as maintenance of meat freshness and safety. The size and capacity of 
chilling chambers at retail establishment, the size of cabinets, initial temperature of incoming meat, 
meat handling procedures (cutting, mincing), temperatures of surroundings, location of refrigeration 
machinery, ventilation and light are the possible weak points to be addressed. The special focus should 
be put on temperature consolidation/deconsolidation during meat handling (e.g. daily transfer of meat 
cuts from the chilling chamber to the retail cabinet and vice versa, where internal temperature of meat 
cuts should be at all times < 7°C). The management approach that dominates in the meat market is 
related to the principle “First In – First Out”. However, such approach should also adhere to all stages 
of the cold chain (see Figure 1) and has to be achieved through properly designed handling procedures 
in the chill storage rooms and retail cabinets. In all, different points of transport, from cold storage in 
slaughterhouse to retail outlet, and then to consumer refrigerator, are critical points for the overall 
meat quality and safety. 

4.  Available options in meat supply cold chain management 
As said, if the cold supply chain is breached, meat and poultry products will suffer from a range of 
quality problems such as shrinkage, rotting, trim loss, unpleasant odor, color and texture changes, as 
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well as exacerbated health risks from pathogens such as Salmonella, Campylobacter, Shiga toxin-
producing E. coli (STEC) and Listeria monocytogenes. Despite a numerous studies targeted to better 
understanding of meat microbial ecology (spoilage microorganisms and food borne pathogens) and its 
relation to temperature/time within the complex meat supply chain, e.g. meat storage, transportation, 
distribution and retail, the maintenance of cold chain, as well as meat quality and safety remains a 
challenge. From recently, there are several options/control measures which can be effectively and 
synergistically applied to improve the control over the `classic` meat supply cold chain. 

4.1.  Chilled and frozen storage combinations 
Over the previous two decades a numerous studies had been carried out to assess the enhancement of 
shelf life, as well as quality and safety of meat achieved by chilling and freezing regimes. However, a 
limited number of studies were conducted to evaluate combined chilled and frozen storage practices, 
particularly regarding long-term chilled-than-frozen beyond 3-4 months of total duration. 
It appeared that prolonged vacuum-packed chilled storage (two weeks for beef and lamb, at 4°C and 
even up to 30 weeks for beef, at -0.5°C and 7 weeks for lamb, at -1.5°C) combined with subsequent 
frozen storage (up to one year, at -18°C) had the beneficial effect to quality parameters (shear force, 
tenderness, fluid levels, flavor and color) of meat; the improved tenderness was confirmed as a major 
achievement [15, 19, 20]. Obviously, the prolonged chilled-frozen storage combinations can have a 
beneficial effect for export of fresh meat. Further and deeper studies are needed to investigate 
instrumental color and microbial profile of chilled-then-frozen meat, as these studies are highly 
relevant for consumer approval and health issues [21].   

4.2.  Superchilling 
Superchilling is used for preserving foods by process in which the temperature of a food product is 
lowered to 1–2°C below the initial freezing point (for most foods between 0.5°C and 2.8°C). The 
superchilling technology combines the favorable effect of low temperatures with the conversion of 
some water into ice, which makes it less available for deteriorative processes. Superchilling gives the 
food product an internal ice reservoir so that there is no need for external ice around the product 
during transportation or storage for shorter periods. Generally, superchilling is positioned between 
freezing and refrigeration (conventional chilling), where the surrounding temperature is set below the 
initial freezing point. Storing food at superchilling temperature has three major advantages: 
maintaining food freshness, retaining high food quality and suppressing growth of harmful microbes. 
It can also reduce the use of freezing/thawing for production and thereby increase yield, reduce 
energy, labor and transport costs [22]. 

4.3.  Ionizing radiation 
Processing of food by ionizing radiation offers arrange of beneficial effects, which can`t be achieved 
by other and, in particular, traditional techniques such as chilling alone. Food radiation, if applied at 
low dose (up to1kGy) can be very effective against parasites presented in red meat, as well as for 
inactivation of spoilage and pathogen bacteria in chilled and/or frozen meat and poultry. 
On the other hand, several consumer organizations raised concerns from the beginning whether it 
would be ‘safe’ to consume irradiated food? However, after more than100 years of research, the 
questions raised are resolved and the consumers accept irradiated food where it has become available 
together with an understandable explanation of the new technology. For example, in China very 
special items, as pickled chicken feet (irradiated), appear to have a certain market share. In the 
European Union the amount of irradiated food on the market place is marginal; however, varying 
drastically between Member States. More recent consumer studies are not available for the EU. The 
use of ionizing radiation in food processing remains still to be an under-estimated and under-exploited 
technology, in spite of its great potential [23]. 

 
4.4. Biopreservation 
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Natural compounds, such as essential oils, nisin, lysozyme, as well as natural or controlled microbiota, 
e.g. lactic acid bacteria (LAB) and their antimicrobial products such as lactic acid and bacteriocins, 
were investigated to extend the shelf life of meat/meat products and to obtain `green label` products. 
For example, nisin is only commercially available bacteriocin and showed good antibacterial action in 
artificially contaminated pork and in combination with 2% sodium chloride an excellent anti-listerial 
effect in minced beef; pentocin 31-1 (produced by Lactobacillus pentosus 31-1 isolated from the 
traditional Chinese fermented Xuanwei ham) effectively inhibited volatile basic nitrogen (VBN) and 
suppressed the growth of indigenous microbiota, especially Listeria and Pseudomonas, in chilled pork 
storage [16]. 

4.5. High hydrostatic pressure (HHP)  
The meat preservation process using HHP, a non-thermal technology, can effectively inactivate 
product-spoiling microorganisms and enzymes at low temperatures without changing dramatically the 
sensory or nutritional characteristics of the product; the tenderness is even improved, while the fresh 
meat color is slightly changed, after the HHP treatment. HHP is also a powerful tool to control risks 
associated with Salmonella and Listeria monocytogenes in raw or marinated meats [24]. Pressure 
processing is usually carried out in a steel cylinder containing a liquid pressure-transmitting medium, 
e.g. water, while the product is protected from direct contact by using sealed flexible packaging [16]. 
The recommended pressure/time combination for meat/meat products of 600–700 MPa for 2–5 
minutes showed quick inactivation of L. monocytogenes, as well as other indigenous microbiota [25]. 

4.6. Active packaging 
Active packaging is an innovative technology that allows the product and its environment to interact to 
extend the product shelf life and to ensure its microbial safety, while maintaining the quality of packed 
food. According to EU legislation, active packaging is a type of food packaging with an extra 
function, in addition to that of providing a protective barrier against external influence. It means that 
the packaging can absorb food- and environment-derived chemicals within the packaging surrounding 
the food or its releases substances into the food or the environment surrounding the food, e.g. 
preservatives, antioxidants, and flavorings [26]. There are three main types of active packaging which 
were developed so far: antimicrobial active packaging, antioxidant active packaging, carbon-dioxide 
emitting/generating packaging. 

4.6.1. Antimicrobial active packaging. This is one of the most important concepts of active packaging 
of meat. There are four basic categories of antimicrobial packaging: (i) incorporation of antimicrobial 
substances into a pad inside the package, with aim to provide a slow release of antimicrobials, (ii) 
direct incorporation of the antimicrobial agents into the packaging film, by heat treatment (co-
extrusion of packaging films with antimicrobials), so that antimicrobials can be gradually released 
from the packaging films to the packaging head space or food surface, (iii) coating of packaging with a 
matrix that acts as a carrier for antimicrobial agents, so to allow the release of antimicrobials onto the 
food surface through evaporation into the headspace (volatile substances) or migration into the food 
through diffusion (non-volatile substances), and (iv) use of polymers that have antimicrobial activity 
(e.g. chitosan, poly-l-lysine). In addition, a large number of antimicrobials were tested for inhibiting 
the growth of microorganisms in food, e.g. ethanol, carbon dioxide, silver ions, chlorine dioxide, 
antibiotics, bacteriocins, organic acids, essential oils, spices, plant extracts (rosemary), peptides, etc 
[27]. 

4.6.2. Antioxidant active packaging. High levels of oxygen in meat packaging can facilitate microbial 
growth, lipid oxidation, development of off-flavors and off-odors, color changes and nutritional losses. 
Therefore, control of oxygen level in meat packaging is important to prevent/retard the deterioration 
and spoilage of meat. Antioxidant active packaging systems can be classified into 2 groups: (i) 
independent antioxidant devices (sachets, pads or labels with oxygen scavengers – fine iron powder 
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and ferrous oxide), and (ii) antioxidant packaging materials (antioxidant active agent is incorporated 
into the walls of the packaging film (e.g. terpenoids from the propolis). 

4.6.3. Carbon-dioxide emitting/generating packaging. Carbon dioxide has proven inhibitory effect for 
a range of aerobic bacteria and fungi via reduced oxygen level and through direct antimicrobial effect 
(by prolonging a lag phase and generation time during the logarithmic phase of microbial growth). 
Therefore, a CO2 generating packaging system is a technique complementary to oxygen scavenging. 
The levels of CO2 applied for meat and poultry preservation are relatively high (10-80%). For example 
10-20% of CO2 is needed for the inhibition of Pseudomonas, while 50% of CO2 is necessary for 
control of proliferation of C. perfringens, C. botulinum and Listeria monocytogenes. 

4.7. Wireless sensors 
The manufacturers in the food industry frequently face the dilemma regarding the type of cold chain 
management in delivering products to retailers or end consumers, having to choose between frozen 
storage and cool storage (cooling, freezing, delivering and storage). Temperature is the main post-
processing parameter in the determination of shelf-life in a cold chain of chilled and frozen food 
products. Frozen storage includes high-energy consumption for the preservation of food products, 
whereas cool storage involves the constant threat of bacterial-induced spoilage. Contemporary cold 
chain management encompasses temperature control and is focused on single logistic chain rather than 
serving multiple channels. In order to overcome the aforementioned deficiency, a time-temperature 
indicator (TTI) based cold-chain system is developed, which uses wireless sensors for collecting 
temperature data along the meat supply chain (from cold storage in slaughterhouse to retail) and 
implements the formulation of Critical Control Point (CCP) criteria throughout the entire delivery 
process. Under strict temperature monitoring, switching a number of products from frozen storage to 
cool storage seems to be feasible to improve the shortcomings associated with frozen storage (high-
energy consumption, deterioration of taste, limited number of sale channels). Control charts are 
formulated for monitoring each point in the process. This approach is based on Internet of Things 
(IoT) architecture and international food standard (ISO 22000). IoT is a growing trend with a powerful 
influence in shaping the development of the information and communication technology (ICT) sector, 
e.g. radio frequency identification (RFID) tags, sensors, actuators, and even smart devices like mobile 
phones [28]. In practice, the IoT is expected to develop in areas such as wireless sensor networks with 
the aim of collecting contextual data. Further, a software approach to expanding web-based services 
using the capabilities of IoT (Web of Things,WoT) were recently developed. Lastly, a new business 
models in the food industry have been also developed: (i) cold chain home delivery service; (ii) 
convenience store (CVS) indirect delivery; (iii) CVS direct delivery; (iv) flight kitchen service [29]. 

 

4.8. Cold chain database (CCD) 
The effective cold chain management can optimize freshness and safety of the product from 
farm/slaughterhouse up to the final consumer. The targeted data acquisition of time-temperature (t - T) 
profiles along the meat supply chain, as well as within the specific module of the cold chain stage (e.g. 
cold storage in slaughterhouse, transportation/delivery, retail) can serve as a valuable input for 
prediction of a product shelf-life status. From recently, a web-based platform was developed, within 
FRISBEE European project (http://frisbee-project.eu), for temperature conditions data collection 
throughout the chilled and frozen food supply chain. Data including all cold chain modules (industry, 
distributors, retailers and consumers), were collected to create the extensive database comprising more 
than 14,000 time-Temperature (t - T) profiles. Such platform can serve as a valuable Cold Chain 
Management tool. The Cold Chain Predictor (CCP) software based on the Cold Chain Database 
(CCD) allows calculation of product shelf-life status at different cold chain stages based on existing or 
user defined kinetic data. The developed tools offer the potential to run simulation scenarios based on 
real cold chain data and contribute to effective cold chain improvement and management [30]. 
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5. Conclusion 
The cold chain management in meat supply is of utmost importance for the maintenance of quality and 
safety of meat/meat products. The complexity of global meat supply chain, with frequently long 
distribution chains associated with transportation of the product within one country, from one to 
another country and from one to another continent, makes the solutions for the chilling and freezing 
regimes, as well as monitoring of time-temperature profiles, very important for the overall success in 
delivery of product which will be accepted by consumer for its freshness and safety levels. Although 
the importance of chilling and freezing regime effectiveness and temperature monitoring along the 
meat supply chain are well know, it remains a permanent challenge for the industry, distributors, 
retailers and consumers.  From recently, there are several available options for control and 
management of the cold chain, such as chilled and frozen storage combinations, superchilling, ionizing 
radiation, biopreservation, high hydrostatic pressure (HHP), active packaging, wireless sensors, 
supported with the software-based cold chain database (CCD). 
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Abstract. Serbia is a relatively small country but with a long tradition in food production, 
especially meat and meat products. Serbia, as part of its open negotiation process as a 
candidate country with the European Union (EU), started to harmonise its legislation with the 
EU, and has published a set of laws and regulations relating to the hygiene of food production 
and food safety, the official control of production and the welfare of animals. Therefore, the 
food safety system in Serbia is based on principles established in the EU. There is a need for 
cooperation of different sectors (government, food business operators and consumers) in the 
management of food safety, and every sector has its role and responsibility. This paper aims to 
provide analytical support for the process of upgrading safety and quality in Serbia’s food 
sector and explains the roles and responsibilities of different sectors in the food chain. 

1.  Introduction 
Serbia is a relatively small country but with a long tradition in food production, especially meat and 
meat products [1,2]. In the period of pre-accession to the European Union (EU), Serbia, as a candidate 
country, is required to adopt a strategy for implementation of EU food hygiene standards in 
establishments for the production of food of animal origin. The National Programme for the upgrading 
of establishments should enable the food business operators (FBOs) covered by the National 
Programme to fulfil new legal requirements and to continue their operations in an equal and 
competitive manner on internal and on EU markets. 

The principal objective of the new food hygiene rules is to ensure a high level of consumer 
protection with regard to food safety [1,3]. Every FBO along the food chain should ensure that food 
safety is not compromised. With regard to public health, these rules and procedures contain common 
principles, in particular in relation to the manufacturers and competent authorities’ responsibilities, 
structural, operational and hygiene requirements for establishments, requirements for storage and 
transport and procedures for registration and approval of establishments.  

This paper aims to provide analytical support for the process of upgrading safety and quality in 
Serbia’s food processing sector, briefly describes the current level of compliance of the Serbian 
regulation with the EU, and the means of implementation and enforcement, and as well as, 
particularly, roles and responsibilities of different sectors in the food chain. 

 

http://creativecommons.org/licenses/by/3.0


2

1234567890

59th International Meat Industry Conference MEATCON2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 85 (2017) 012023    doi   :10.1088/1755-1315/85/1/012023

 
 
 
 
 
 

2.  Analysis of the legal framework 
Serbia, as part of its open negotiation process with the EU, started to harmonise its legislation with the 
EU, and has published a set of laws and regulations relating to the hygiene of food production and 
food safety, the official control of production and the welfare of animals. Requirements in the areas of 
food safety are set out in Chapter 12 of the EU acquis (Food Safety – Veterinary – Phytosanitary 
Policy), which is an integrated approach “from farm to fork” to ensure a high level of public health, 
animal health, animal welfare and plant health. The applied system of binding measures in the entire 
chain of primary production, processing and distribution of food to the consumer, as well as the 
appropriate methods of controls, provide a high level of protection of human life and health as the 
main objectives.  

The food safety system in Serbia is based on principles established in the EU. The primary laws 
that form the backbone of the food safety system in Serbia are the Law on Food Safety (Official 
Gazette of the Republic of Serbia, No. 41/09), Law on Veterinary Matters (Official Gazette of the 
Republic of Serbia, No.91/05, 30/10, 93/12) and Animal Welfare Law (Official Gazette of the 
Republic of Serbia, No.41/09) [4-6]. 

Serbia has adopted general and specific rules on food hygiene which is partially (almost 
completely) in line with the EU’s Hygiene Package. 

2.1.  The Law on Food Safety 
The Law on Food Safety [5] defines the general conditions for the safety of food and feed, duties and 
responsibilities of food and feed business operators, rapid alert system, emergency measures and crisis 
management, as well as food and feed hygiene and quality. The purpose of this Law is to provide a 
high level of protection of human life and health and protection of the consumers’ interests, including 
the principle of honesty and scrupulousness in the food circulation. It should also take into account 
whenever possible the protection of the health and well-being of animals, as well as the health of 
plants and environmental protection.  

The provisions of this Law do not apply to primary food production and preparation, handling and 
storage of food for private domestic use, nor to feed for non food-producing animals. This Law also 
restricts the production and circulation of food and feed to legal persons or entrepreneurs that are 
recorded with the Register of Economic Operators and the Register of Facilities/Establishments kept 
by the Ministry of Agriculture. 

2.2.  The Law on Veterinary Matters 
The Law on Veterinary Matters [4] defines the protection and enhancement of animal health and 
welfare; it identifies animal infectious diseases and measures for prevention, detection, containment, 
control and eradication of infectious diseases and diseases that can be transmitted to humans, 
veterinary-sanitary/official control and conditions under which animals and animal products, food of 
animal origin and animal feed may be produced and distributed.  

The Law on Veterinary Matters is particularly focused on general and specific hygiene conditions 
in establishments for production of food of animal origin, covering the following areas: slaughtering 
the animals; production and processing of food of animal origin (e.g. cutting meat, processing); and 
distribution of food of animal origin on wholesale and retail level, including storage. 

Veterinary Law defines the procedure for approval of establishments’ producing/processing/storage 
of food of animal origin, including the obligation that all establishments handling food of animal 
products have to be registered in the Register of Establishments or in the Register of Approved 
Establishments.  

In addition, there is a legal basis for the adoption of detailed rules prescribing the types of facilities 
that are registered or approved, methods and procedures of registration and approval of 
establishments, as well as the form of application for registration of registered or approved facilities. 
There is also a legal basis for the adoption of regulations that speak to the approval process for 
establishments that export products, according to the national veterinary and food hygiene 



3

1234567890

59th International Meat Industry Conference MEATCON2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 85 (2017) 012023    doi   :10.1088/1755-1315/85/1/012023

 
 
 
 
 
 

requirements and specific requirements of the importing country. These two regulations should be 
drafted and adopted soon. 

2.3.  The Animal Welfare Law  
The Animal Welfare Law [6] regulates animal welfare, rights, obligations and liability of legal entities 
and individuals, and entrepreneurs for the benefit of animals, treatment of animals and the protection 
of animals from abuse, protection of animal welfare during slaughter and killing, keeping, breeding, 
transport, slaughter and conducting experiments on animals, as well as other issues important for the 
protection of animal welfare. 

3.  Food sectors – roles and responsibilities 
According to the Codex Alimentarius Commission, the definition of safe food is that “food will not 
cause harm to the consumer when it is prepared and/or eaten according to its intended use” [7]. Food 
is considered safe when it is evidenced that all measures have been taken to prevent contamination. In 
the 21st century, there is a need for cooperation between different sectors in the management of food 
safety. There are roles and responsibilities for each sector: government, FBOs and consumers [8].  

3.1.  Government and Regulatory Bodies 
Government and regulatory bodies have the key role in food safety management from the primary 
production until the consumption [8-9]. This sector has to adopt and enforce legislation, with the food 
safety and public health issue as a priority. There should be transparent approach and provision of 
advice to producers.  

The Ministry of Agriculture and Environmental Protection and the Veterinary Directorate are 
prepared to promote the improvement of hygiene standards in the establishments in the area of 
Veterinary Public Health. This strategic approach and consistent enforcement of decisions should 
prevent the closure of a high number of establishments, which would have a negative impact on the 
national economy and social status of the employees in the area of production, processing and trade of 
food of animal origin, especially in the meat sector. The harmonisation process in these areas with the 
EU legislation requires that the Serbian competent authority adapts its legal system to ensure the full 
implementation of EU regulations, which includes official inspection authorities, provision of relevant 
sources of information and data for risk assessment, as well as competent laboratory capacities and 
accredited test methods. The obligation of transposition and harmonisation of legislation also includes 
that all FBOs and inspection authorities to have implemented and maintained continuous improvement 
on the relevant knowledge and skills necessary to perform tasks from their activities and competence. 

Communication with the consumers is very important and education of this sector is part of the 
government responsibility. One of the good examples is the Food Safety Council, which has to 
provide advice to the government sector in the area of risk assessment, but as well as to provide 
consumers with information about the possible risks. Risk assessment includes information such as 
scope, food sector, type of food, type of products, target population, scientific opinion, preparation of 
reports and the method of presenting data. 

3.2.  Food business operators 
FBOs have a responsibility to put on the market product which will not have a negative effect on 
consumer [8,10-14]. They have to operate in hygienic environments, including processing, storage, 
transport/distribution. In ensuring food safety of the product, they should comply with appropriate 
criteria, like microbiological criteria for biological hazards, adequate labelling, have under control 
specific processing step in the flow diagram of production to be sure that the hazard as the potential 
risk is eliminated and as well recall a product in the case of an incident. FBOs have to implement the 
regulatory requirements, code of good manufacturing/hygiene practice and HACCP as a good 
methodology in ensuring food safety issue. 
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For a small country, Serbia has a large number of facilities for the production of food of animal 
origin, especially meat and meat products. Unfortunately, only a few meet all regulatory requirements 
and have been approved for export to the EU. Most of the establishments predominantly sell on local 
markets, are an important resource for supplying food of animal origin and employ a significant 
workforce for their processes. It speaks to the fact that food made by small producers can have an 
impact on a large number of consumers. Therefore, the processes of hygiene management and HACCP 
principles are critical in ensuring safe products. Serbia has started the development of national 
legislation and/or procedures and guidelines for FBOs with direct sales to final consumers and 
establishments covered within the definition of marginal, localised or restricted businesses, and 
likewise in the area of flexibilities and derogations for low capacity establishments and traditional 
methods of production. 

3.3.  Consumers 
Consumers have an equally important role as the previous two sectors [8]. Sometimes, consumers 

in Serbia do not have enough information and/or adequate education about the food products of animal 
origin or their stability. There should be an improvement in consumer education about their role in 
food safety. Consumers have to apply good hygiene practice in food preparation and carefully read 
and understand the information given by the FBOs on food labels.  
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Abstract. Intentional modification of food or substitution of food ingredients with the aim of 
gaining profit is food fraud or economically motivated adulteration (EMA). EMA appeared in 
the food supply chain, and following the global expansion of the food market, has become a 
world-scale problem for the global economy. Food frauds have involved oils, milk and meat 
products, infant formula, honey, juices, spices, etc. New legislation was enacted in the last 
decade in order to fight EMA. Effective analytical methods for food fraud detection are few 
and still in development. The majority of the methods in common use today for EMA detection 
are time consuming and inappropriate for use on the production line or out of the laboratory. 
The next step in the evolution of analytical techniques to combat food fraud is development of 
fast, accurate methods applicable using portable or handheld devices. Spectrophotometric and 
spectroscopic methods combined with chemometric analysis, and perhaps in combination with 
other rapid physico-chemical techniques, could be the answer. This review discusses some 
analytical techniques based on spectrophotometry and spectroscopy, which are used to reveal 
food fraud and EMA. 

1.  Introduction 
Cases of food adulteration in order to increase profit margins are dated back to the earlier ages of 
civilization. Intentional modification of food or substitution of food ingredients with the aim of 
gaining profit is food fraud or economically motivated adulteration (EMA) [1]. Unfortunately, EMA 
occurs today and, following advances in food technology, has become more sophisticated. EMA 
appears in food supply chains and is conducted by food producers, processors, distributors and/or 
retailers [2]. Following the global expansion of the food market, the consequences of EMA have 
emerged into a world-scale problem and have great impact on the global economy. 

EMA inevitably leads to production of food with lowered nutritional value. This type of fraud not 
only has financial impacts on consumers, and society in general, but, more importantly, has adverse 
effects on health and food safety. Prolonged diet with such food could have devastating consequences 
to public health [3]. Recent reports exposed that food frauds and adulterations include a vast variety of 
food, such as oils, milk and meat products, infant formula, honey, juices and spices. In order to protect 
consumers and eliminate EMA, or to lessen its possibility, new legislation relating to the adulteration 
of food and food labeling was enacted in last decade [4,5]. Legislation for containing food fraud is still 
in development but, in order to be effective, needs strong logistic support. In addition to government 
agencies and inspectorates, essential support in revealing EMA includes development of analytical 
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methods to detect food frauds. As it is difficult to formulate any effective legal basis for suppressing 
EMA, it is also a burdensome task to develop and apply appropriate analytical methods for its 
detection [6]. 

Knowledge of the specificity and characteristics of analytical techniques is essential for detecting 
EMA of food. Such knowledge should be helpful in choosing appropriate analytical techniques for 
detection of adulterants of interest in a specified food matrix by controlling laboratories. Also, this 
could be a guideline for research laboratories to focus their exploration into development of new or 
improvement of existing methods. In a reciprocal way, it could help regulators to establish legal 
frameworks for revealing food frauds and EMA. 

Various methods and techniques of chemical analysis are used to reveal adulterants in food [7]. 
They can be divided into several groups based on: absorption of electromagnetic radiation – 
colorimetric and spectroscopic methods and nuclear magnetic resonance (NMR); chromatographic; 
molecular and immunological methods; elemental, isotopic and mass spectrometry techniques; and 
chemometric methods based on statistical analysis of data obtained by some of these previously 
mentioned techniques. Especially in recent years, the need for rapid methods for food authentication 
and food fraud has arisen, as well as the need for methods that can be performed on-site. Therefore, 
the aim of this review is not to list all the methods for the detection of EMA, but to indicate 
approaches that can lead us to, or at least closer to, achieving that goal. The most promising methods 
are spectroscopic methods. They are quick, simple, require small quantities of the food/sample, and 
are usually non-destructive and non-invasive. Miniaturization of spectrophotometers and the 
manufacture of portable or hand-held instruments means in-situ measurements have become a reality. 
There are many portable spectrophotometers on market today. They can measure reflectance or 
transmittance of food/samples and can be used for direct measurement without sample pre-treatment. 
This makes them suitable for control on production lines, in storage areas and shipping departments, 
or indeed, everywhere where it is necessary to perform fast measurements. Furthermore, an overview 
of recent methods based on the absorption of electromagnetic radiation in the infrared (IR), visible or 
ultraviolet ranges used to detect EMA of food is presented. 

2.  Spectrophotometric methods 
Methods such as sensitive spectrophotometry, differential spectrophotometry, derivative 
spectrophotometry, and spectrophotometry using chemometrics [8] can be used to reveal EMA in 
beverages, drinks, confectionery, spices, milk, olive oil, jams and sweets. Spectrophotometric 
measurement of specific extinction increase at 270 nm can be used to detect adulteration of extra-
virgin olive oil by the addition of refined olive oil or other vegetable oils. Stigmasta-3,5-diene, a 
characteristic compound of refined oils, has an absorption peak at 270 nm [9]. The method is simple, 
rapid, low-cost, and eminently suitable for in-situ measurement. 

Combining spectrophotometric methods with other analytical techniques enhances their possible 
application in detecting food EMA. Spectrophotometric methods and thin layer chromatography 
(TLC) [10] were applied to detect sweets and jams adulteration with synthetic colorants. Eight 
synthetic food dyes were used in the reported research [10]. The Kjeldahl method and 
spectrophotometric methods were employed to evaluate detection of milk adulteration by nitrogen-rich 
compounds such as melamine, ammonium sulfate or urea [11]. Standard (Kjeldahl) methods fail to 
identify adulteration by nitrogen compounds, and classical spectrophotometric methods for protein are 
not sensitive to these compounds. In combination, the proposed methods were able to recognize 
nitrogen added to milk and/or whey. It is suggested that this combination of Kjeldahl and 
spectrophotometric methods should be used to screen for milk adulteration by these compounds [11]. 

However, spectrophotometric techniques have limited application and often, they must necessarily 
be combined with other analytical techniques. 

3.  Color measurement 
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Measurement of color in HunterLab and CIE L*a*b* systems were used as supplementary techniques, 
mainly to describe visual properties of food [12]. Color of food can sometimes be improved by adding 
prohibited dyes [13]. Adulteration by adding coloring stuffs in food is maybe the oldest and most 
common means of food fraud. Colorings are added (fradulently and legally) to various foods from 
beverages to meat products and from confectionery to spices and oils. Reasons for the widespread 
usage of dyes in EMA is twofold: first, synthetic dyes are cheap and easily available, and, second, 
staining of lower quality food or food manufactured from low-grade ingredients provides higher profit. 
Therefore, the measurement of the surface color of food in HunterLab and CIE L*a*b* systems is 
usually used in assessment of food quality and safety [14]. However, the potential of such methods for 
detecting EMA is not yet fully recognized. Some efforts were made to employ food color 
measurements for detecting EMA and compliance with regulatory requirements [15]. The rapid 
method based on CIE L*a*b* measurements combined with chemometrics was used to estimate food 
coloring contents in meat products [15]. The method was developed to determine the presence and 
quantification of one permitted and two prohibited food dyes in frankfurters and fine-chopped boiled 
sausages, and it might also be useful during sensory evaluation of meat products for the assessment of 
the added food colorants. 

4.  Fluorescence spectroscopy 
Fluorescence spectroscopy has the lowest limits of detection of all spectroscopic analytical techniques, 
but it is limited to polyaromatic hydrocarbons (PAHs) and heterocyclic compounds with rigid 
skeletons. It is a sensitive, selective and nondestructive technique. Development of new generation 
fluorescence spectrometers with powerful software for acquisition and interpretation of spectra 
resulted in application of this technique for EMA detection. Therefore, total synchronous fluorescence 
(TsyF) with the partial least square (PLS) model was used for the differentiation of virgin olive oil 
from olive-pomace, corn, sunflower, soybean, rapeseed and walnut oils [16]. Other applications of 
fluorescence spectroscopy combined with extensive use of chemometric tools were in food quality 
assessment of animal (dairy, meat, fish and egg) and vegetable (oils, cereal, sugar, fruit and vegetable) 
products [17-19]. 

The combination of fluorescence spectroscopy with other techniques such as Fourier transformed 
infrared spectroscopy (FTIR) was reported for authentication of extra-virgin olive oil. PLS method 
was used for both fluorescence and FTIR spectra analysis. The results suggest that FTIR and 
fluorescence could be a useful tool for analysis and detecting adulteration of extra-virgin olive oil with 
pomace oil. 

5.  Infrared spectroscopy 
Infrared spectroscopy (IR), based on absorption of heat rays by molecular bonds with dipole moment, 
has been used for food quality and food authenticity assessments. In accordance with the applied 
spectral range, IR can be divided into two techniques – mid infrared (MIR) and near infrared (NIR). In 
MIR (fingerprint range), IR radiation is absorbed as a consequence of fundamental vibrations of atoms 
in the molecules. NIR spectra are the result of superposition of composite, overtone and high 
frequency absorption bands at shorter wavelengths. 

Methods based on IR spectroscopy are among the most widely used methods for revealing EMA of 
food. Both MIR and NIR were used for detection of food frauds and authenticity of honey, meat, meat 
products, cheeses, milk, fish, spices, olive oil, and so forth. 

The application of attenuated total reflectance (ATR) MIR microspectroscopy was evaluated as a 
rapid method for detection and quantification of milk adulteration [20]. Milk samples were spiked 
with different concentrations of whey, hydrogen peroxide, synthetic urine, urea and synthetic milk. 
Soft Independent Modeling of Class Analogy (SIMCA) pattern recognition analysis with Partial Least 
Squares Regression (PLSR) were used for estimation of adulterant levels. Results showed that MIR-
microspectroscopy can provide an alternative methodology to the dairy industry for screening 
potential fraudulent practice for economic adulteration of cow’s milk [20]. 
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NIR methods with latent variable models applied to the spectral data were developed and used to 
estimate proximate composition, fatty acid profile, fillet yield and cooking loss, and to classify the 
available dataset by the rearing farm and genetic strain of raw and cooked freeze-dried rainbow trout 
(Oncorhynchus mykiss) fillets [21]. No major differences were observed between the results obtained 
from raw freeze-dried fillets and those obtained from cooked freeze-dried fillets, except for the 
estimation of some chemical constituents of interest, such as C22:6n-3 and polyunsaturated fatty acid 
content, both of which were better estimated in cooked freeze-dried fillets [21]. 

In a recent study, methodology based on the combination of MIR and NIR measurements and 
chemometric data processing was reported [22]. Such approach could overcome the disadvantages of 
both techniques and offer more accurate and reliable results in detecting the EMA. 

6.  Raman spectroscopy 
Raman spectroscopy (RS), similar to IR, gives spectral information on fundamental vibrations of 
functional groups in a molecule. It is based on the inelastic scattering of incident radiation through its 
interaction with vibrating molecules [23]. RS and MIR are complementary techniques, but RS has 
some advantages over MIR. Water has weak absorption in RS and does not cause interference in 
Raman spectra. Taking into account the fact that most foods contain more or less water, the lack of 
interference due to water is essential for the reliability of methods for determining food authenticity. 
Absorption bands in Raman spectra are narrower than IR spectral bands. This is of significant 
importance for RS application, because narrow bands mean less overlapping, especially in complex 
matrices such as foods. RS also can be applied to analysis of foods directly through plastic or glass 
bottles and wrappers, bags and other transparent packaging materials [24]. 

RS scattering is weak, and new, improved techniques like Surface Enhanced Raman Spectroscopy 
(SERS), in contrast to classic Raman spectroscopy, provide lower detection limits, allowing 
applications in food adulterant determination [7]. For example, three Raman modalities, normal 
Raman, FT-Raman and SERS, combined with principal component analysis (PCA), were evaluated as 
a tool for detecting Sudan I dye in culinary spices. The results show that SERS is the most appropriate 
modality capable of providing a proper Raman signal when a complex matrix is analyzed [25]. RS 
combined with chemometrics was also applied to examine adulterations of honey by syrup and sugar 
solutions, olive oil by vegetable oils or pomace olive oils, and meat and fish [26]. 

7.  Chemometrics 
Almost all recent spectroscopic methods for food authentication use the chemometric approach for 
development and validation processes. This brief review would not be complete without a section 
dedicated to the chemometric application for food authenticity analysis. The reason for employing 
chemometrics in spectrophotometric and spectroscopic techniques is that spectra obtained by these 
aforementioned techniques are large datasets which cannot be resolved by conventional analysis. 
Chemometric tools, such as data mining, data fusion etc., are crucial for handling datasets generated 
by analytical methods for EMA detection. 

A sample spectrum is, in fact, an “image” of the sample and can be treated in the same way as any 
digital image analysis. Data pre-processing, enhancement, segmentation, feature extraction and data 
classification for generation of applicable methods to spectroscopic data are based on similar 
mathematical models to those used in digital image processing for facial recognition or satellite image 
analysis [27]. Chemometrics resembles digital extraction and clean-up of the sample instead of using 
physical manipulation for clean-up; this is a major obstacle for common application of chemometric 
methods, because their calibration and validation necessitates a large number of samples. They are 
matrix-dependent too, and every change in matrix composition means a new calibration and validation 
process. Despite these disadvantages, the development of analytical methods based on spectroscopy 
combined with chemometrics is becoming more important, and the further efforts are being directed 
toward improvement of chemometric tools to become more robust and less sensitive to the influence 
of the matrix. 
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8.  Conclusion 
General features of spectrophotometric and spectroscopic methods are their simplicity, rapidity, and 
ability to be directly applied to foods/ingredients in different aggregate states, with fast, minimal or 
without any preparation. Production of new, cheaper and miniature, portable or handheld instruments 
for spectroscopy made them applicable on production lines, outdoors, in storage areas, etc. Their 
potential dual measurement modality, transmittance and reflectance, make spectroscopic methods 
useful in the resolution of various analytical tasks. 

The combination of spectroscopic techniques with chemometrics has made them applicable for 
revelation of EMA and authentication of food. The majority of new spectroscopic methods for 
detecting food frauds are based on chemometric analysis. Although they are still under development, 
some of these methods have already been incorporated into benchtop and portable instruments. Further 
improvement of spectroscopy combined with chemometrics will require development of methods 
which are more robust and less sensitive to the influence of the matrix. 

The next aspect to be addressed is the combination of spectroscopy with other analytical 
techniques, such as measurement of thermal, electrical or electrochemical properties of the food. This 
combination could improve reliability of results, and accuracy of determination and classification 
without loss of rapidity, simplicity or other advantages. Any additional data on the characteristic of the 
food, or by extension, other sample types, will contribute to a better and more accurate answer as to 
whether the food/sample is authentic or not. As the coupling of chromatographic techniques with mass 
spectrometry has made a significant breakthrough in analytical practice in the past, the integration of 
spectroscopic methods, either with one another or with other physico-chemical techniques, could make 
significant progress in detecting EMA of food in the future. That future requires rapid and reliable 
methodology for revealing EMA, which is fundamental for the production of safe and healthy food. 
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Abstract. Milk and milk-based products are among the leading food categories according to 
reported cases of food adulteration. Although many authentication problems exist in all areas 
of the food industry, adequate control methods are required to evaluate the authenticity of milk 
and milk products in the dairy industry. Moreover, gas chromatography (GC) analysis of 
triacylglycerols (TAGs) or fatty acid (FA) profiles of milk fat (MF) in combination with 
multivariate statistical data processing have been used to detect adulterations of milk and dairy 
products with foreign fats. The adulteration of milk and butter is a major issue for the dairy 
industry. The major adulterants of MF are vegetable oils (soybean, sunflower, groundnut, 
coconut, palm and peanut oil) and animal fat (cow tallow and pork lard). Multivariate analysis 
enables adulterated MF to be distinguished from authentic MF, while taking into account many 
analytical factors. Various multivariate analysis methods have been proposed to quantitatively 
detect levels of adulterant non-MFs, with multiple linear regression (MLR) seemingly the most 
suitable. There is a need for increased use of chemometric data analyses to detect adulterated 
MF in foods and for their expanded use in routine quality assurance testing. 

1. Introduction 
Milk fat (MF) is largely composed of triacylglycerols (TAGs) (these comprise about 98% of the total 
fat), while phospholipids account for only 0.8% of milk lipids. Sterols are also a minor component, 
comprising about 0.3% of the fat, cholesterol being the principal sterol [1]. The fat content of milk 
can vary from about 3.0% to 6.0%, but typically is in the range 3.5 to 4.7% [2]. In addition to the 
well-characterized differences among and within breeds of dairy cattle in MF content and fatty acid 
(FA) composition i.e. genetic factors, differences can also occur due to stage of lactation and diet [3-
7]. 

MF is a good source of fat-soluble vitamins and essential FAs [8]. Fat is an essential component 
of the human diet and inclusion of MF as part of a balanced diet should be advantageous rather than 
detrimental. To date, no scientific study has produced evidence of any increased risk of disease 
associated with milk consumption [9]. Cow’s milk is an important component of the human diet 
because of its high nutritional value. Its nutritionally balanced composition makes it one of the most 
complete foods available [10]. Ruminant MF contains butyric acid (C4:0), which is an important 
anti-cancer agent. However, longer-chain FAs can be problematic; e.g., myristic (C14:0) and palmitic 
acids (C16:0) are considered harmful, while stearic acid (C18:0) and short-to-medium-chain (C4–
C10) FAs are deemed neutral [9]. Up to one-third of the FAs in MF have a chain-length of 14 
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carbons or less. These FAs are oxidized rapidly in the liver, have a lower energy value and are 
oxidized more readily than long-chain FAs. It follows that MF should contribute less to obesity than 
an equivalent amount of other dietary fats [11]. This reinforces the need for the dietetic community to 
reconsider current recommendations on dairy fat and human health on the basis of scientific evidence 
[2]. In conclusion, whereas future studies will help to elucidate the role of milk and dairy products in 
human health, their use within a balanced diet should be considered in the absence of clear 
recommendations [9, 11]. 

MF contains several compounds that have demonstrated anticancer activity in animal models [12]. 
The more important ones are rumenic acid (RA, cis-9, trans-11 conjugated linoleic acid, CLA) [13-
14], a potent inhibitor of mammary tumorigenesis, sphingomyelin and other sphingolipids that 
prevent the development of intestinal tumors and butyric acid (C4:0), which prevents colon and 
mammary tumor development [4, 14-17]. Cows’ diets have a major influence on the CLA content of 
MF, and these effects have been recently summarized [4, 14, 17-18]. Emerging evidence suggests 
that MF can prevent intestinal infections, particularly in children, prevent allergic disorders, such as 
asthma and improve the level of long-chain n-3 polyunsaturated fatty acids in blood [19]. 

This paper discusses analytical methods for detecting MF adulteration, with an emphasis on GC 
analysis of TAG and FA in combination with multivariate statistical data processing. Such data could 
be potentially useful in detecting foreign fats in the milk and dairy industries. Based on this 
preliminary investigation, the usefulness of this approach could be examined in the future for other 
foreign fats and oils, including vegetable and animal fat. 
 
2. Adulteration of milk and dairy products 
Milk adulteration is a current fraudulent practice to mask the quality parameters (e.g. protein and fat 
content) and increase the product shelf life. Milk and milk-based products are among the leading food 
categories according to reported cases of food adulteration [20]. Perhaps the most high-profile case 
involved the addition of melamine to high-protein feed and milk-based products to artificially inflate 
protein values in products that may have been diluted [21]. Melamine, an organic base, is widely used 
in plastics, adhesives, and other consumer products, and is known to pose a public health threat [22]. 
Adulterated milk could also be added into infant formula and other milk-based products. Baby formula 
is a common target for retail fraud, often by tampering with the sell-by codes to move expired product. 
The safety and integrity of dairy products is of particular interest, because these foods play an 
important role in feeding the population and are essential for certain groups of consumers, such as 
women, children and the elderly. Milk is a fairly expensive raw material, and from an economic point 
of view it could, therefore, be attractive to fraudulently modify its composition, replacing part of it 
with other dairy or non-dairy ingredients [23, 24]. 

The major adulterants of MF are vegetable oils (soybean, sunflower, groundnut, coconut, palm and 
peanut oil) and animal fat (cow tallow and pork lard). Butter is made from milk, whereas butter 
substitutes, also called imitation butters, are generally manufactured from non-dairy fats or other 
suitable components to make butter-like products [25-27]. Dairy products have been traded for 
hundreds of years and make up a large proportion of the food industry trade. However, the adulteration 
of milk and butter is a major issue for the dairy industry. Adulteration of milk used to manufacture 
butter can result in an inferior final product that fails to meet consumer expectations. Adulterated milk 
and butter contain added substances such as water, neutralizers to mask acidity, salt or sugar to mask 
extra water or high solid contents, whey and hydrogen peroxide, among others [28]. Although many 
authentication problems exist in all areas of the food industry, adequate control methods are required 
to evaluate the authenticity of milk and milk products in the dairy industry. One method to detect 
adulteration of milk with water is measurement of osmolality [29]. Rezende et al. [30] stated that the 
refractive index method for water adulteration could adequate such as density and freezing point 
determinations. Mid infrared (MIR) spectroscopy combined with pattern recognition analysis were 
used to classify and quantify milk adulteration with whey, synthetic urea or hydrogen peroxide [28]. 
The addition of NaOH to milk, which aims to mask acid formation, is very easy to determine using 
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principal component analysis (PCA) to separate control and adulterated milks [31]. However, it is 
important to mention that the goal is not to identify a specific adulterant and its concentration, but the 
presence of a group of adulterants. 
 
3. Methods for detecting the authenticity of milk and dairy products 
Quality assurance (QA) and the methods used to authenticate foodstuffs are of great interest both from 
commercial and legal points of view [32]. In Europe, origin is one of the main authenticity issues 
concerning food. Determination of food authenticity is an important issue for both QA and food 
safety. Interest in Europe concerning food authentication is also shown by continuous funding of this 
topic, from FP 5 to the Horizon 2020 initiative. Authenticity testing is a quality criterion for food and 
food ingredients and is increasingly a result of legislative protection of regional foods. Thus, there is a 
pressing need for accurate, standardized food authentication techniques [32]. 

Over the last decade, several analytical procedures have been proposed for rapid screening or 
selective confirmation of the quality and authenticity of milk such as liquid chromatography (LC) and 
GC, especially coupled with mass spectrometry (MS). The studies are often supported by a 
chemometric approach allowing reliable qualitative (classification) and quantitative (multivariate 
calibration) procedures. GC flame ionization detection is exploited for analysis of MF because the 
milk FAs and TAGs can be monitored and compared with reference standards. This procedure can be 
used to discriminate the source of adulteration. GC separation of the TAG classes in MF according to 
their carbon number (CN) (C24–C54) has been used to determine milk origins and the potential 
adulteration of dairy products with foreign fats [25, 33]. Adulteration of expensive oils and fats, such 
as MF, has always been a serious problem because of the economic advantages of replacing high-
priced fats and oils with low-priced oils, including soybean oil or corn oil, without labeling the product 
accordingly [25, 27]. Consequently, the European Union made the GC methodology official, 
converting it to a reference method for the detection of foreign fat in MF by TAG analysis using short 
capillary column GC (more polar polysiloxane phases containing a higher proportion of phenyl groups 
(50–65%) and low blending at temperatures as high as 370-400°C) [34]. Because of the wide variety 
of FAs contained in MF, the characterization of TAGs in MF is a complex and difficult task [35]. 
Before quantitative analysis, TAGs must be grouped on the basis of some of their common 
characteristics (molecular weight, degree of unsaturation, etc.). Moreover, the GC analysis of TAG or 
FA profiles of MF in combination with multivariate statistical data processing has been used to detect 
adulterant fats in milk and dairy products [25, 27, 36, 37, 39]. GC analysis of TAG was also used to 
detect goat cheese adulterated with cheaper cow`s milk [40]. 
 
4. Chemometrics as a tool to identify milk fat adulteration 

Chemometrics is an interdisciplinary research field that involves multivariate statistics, mathematical 
modelling and computing especially applied to chemical data, and is required for food authentication 
or identity confirmation. It must be combined with suitable database infrastructure and uses 
appropriate mathematical tools [41]. Chemometrics has been useful in evaluating the quality and 
identity control of processing parameters for dairy products [41-44]. For this approach, a large set of 
analyses and many pattern classification procedures, such as PCA, linear discriminant analysis (LDA), 
hierarchical cluster analysis (HCA), soft independent modelling of class analogies (SIMCA), partial 
least squares regression (PLS), canonical variate analysis (CVA), and artificial neural network (ANN) 
can be utilized. Pattern analyses are applied to a dataset to compare similarities or differences of 
sample data with original data. GC analysis of the FA profile is widely used to detect adulteration of 
MF with foreign fats. For example, Rebechi et al. [37] artificially adulterated MF with 0, 2, 5, 10 and 
15% tallow or lard. Their multiple linear regression (MLR) detected adulterations of MF at levels 
greater than 10% for tallow and 5% for lard. Gutiérrez et al. [25] adulterated raw MF with 0, 5, 10, 15, 
and 20% non-MFs. When LDA was used, the global percentage of satisfactory classification was 
94.4%; consequently, LDA was effective in detecting adulterations at levels <10%. Kim et al. [27] 
used specific bio-markers (FAs, TAG and cholesterol) which enabled the detection of adulteration as 
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low as 10% of non-MFs in MF. The validity of the classification rule was also tested by 206 
gravimetrically prepared fat mixtures. These data can be potentially useful in detecting foreign fats in 
butter products. In the work of Lipp [36], GC analysis of TAG was further analyzed by PLS and ANN 
to identify mixtures of butter fat with foreign fat. While ANN was most suitable for classification, 
quantitative results were obtained by PLS. Souza et al. [42] identified groups of adulterants, including 
formaldehyde, starch, urine, hydrogen peroxide and chlorine, by physicochemical analysis and 
application of PCA and HCA. 

The results obtained in this research should contribute to a proposal for a national standard to verify 
MF authenticity in milk and dairy products. Theoretically, after multivariate analysis, and taking into 
account many analytical factors, adulterated MF should form singular groups that can be easily 
distinguished from authentic MF. 
 
5. Conclusion 
Cow’s milk is an important component of the human diet because its nutritionally balanced 
composition makes it one of the most complete foods available. Milk and milk-based products are 
among the leading food categories according to reported cases of food adulteration. Although many 
authentication problems exist in all areas of the food industry, adequate control methods are required 
to evaluate the authenticity of milk and milk products in the dairy industry. This paper discusses 
analytical methods for detecting MF adulteration with an emphasis on using GC to analyze TAG and 
FA in combination with multivariate statistical data processing. Using multivariate statistical methods 
such as MLR, adulterations of MF at levels as low as 10% of non-MF can be detected. With respect to 
aduteration, chemometrics is a powerful data reduction tool used to qualitatively group or classify 
unknown MF samples with similar characteristics and to quantitatively determine levels of adulterant 
analytes in MF. The results obtained in this research should contribute to a proposal for a national 
standard to verify MF authenticity in milk and dairy products. 
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Abstract. Recently inorganic phosphates used in meat product formulations have caused 

negative impact on consumers due to their potential health risks. Therefore, utilization of natural 

ingredients as phosphate replacers has come into prominence as a novel research topic to meet 

consumer demands for clean-label trends. In this study, we objected to investigate the effects of 

inulin utilization either in the powder or gelled form, alone or in combination with sodium 

carbonate on quality of phosphate-free restructured chicken steaks. Total moisture, protein, lipid 

and ash values of the trial groups were in the range of 71.54-75.46%, 22.60-24.31%, 0.94-1.70% 

and 1.45-2.13%, respectively. pH of the samples was between 6.18-6.39, significant increments 

were recorded in samples containing inulin with sodium carbonate. L*, a* and b* values were 

recorded as 78.92-81.05, 1.76-3.05 and 10.80-11.94, respectively, where use of gelled inulin 

resulted in changes of L* and a* values. Utilization of inulin in combination with sodium 

carbonate decreased cook loss and enhanced product yield. Sensory scores in control group with 

phosphate showed a similar pattern to sensory scores in groups with inulin and sodium carbonate. 

During storage, purge loss and lipid oxidation rate were similar in control and inulin + sodium 

carbonate samples. The results showed that use of inulin in combination with sodium carbonate 

provided equivalent physical, chemical and sensory quality to phosphates in restructured chicken 

steaks.   

1.  Introduction 

In the last years, there has been a considerable increase in consumption of ready-to-eat poultry products 

in line with technological improvements, modernization of everyday life and consumer habits. However, 

some of the food additives used in formulation of further processed products cause negative impact on 

consumers due to potential health concerns. Hence, recently consumption of clean-label products in 

which synthetic additives are minimized has been a growing trend. Accordingly, a novel reformulation 

strategy is the reduction of widely used additives in poultry product formulations such as salt, nitrite and 

phosphate or replacement of them with alternative natural ingredients [1, 2].  

Utilization of phosphates lead to change pH value that is highly related to water-holding capacity, 

breakdown the calcium bridges of actomyosin complex and improve the functionality of meat proteins, 

such as water-holding, solubility, emulsification and gelling. Thus, in various meat products phosphates 

could enhance product yield, texture, flavor and colour, decrease cook loss, thaw loss and purge loss, as 

well as they act as antioxidants extending shelf life [3, 4]. However, recently inorganic phosphates used 

in meat product formulations have caused negative impact on consumers due to their potential health 

risks [4, 5]. Therefore, utilization of natural ingredients as phosphate replacers has come into 

prominence as a novel research topic to meet consumer demands for clean-label trends. 

http://creativecommons.org/licenses/by/3.0
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Inulin is a soluble and health-promoting prebiotic dietary fiber industrially extracted by a washing 

process mainly from chicory (Cichorium intybus) roots and consisted of oligo and polysaccharides [6, 

7]. Inulin was reported to enhance various quality parameters like water-holding capacity, emulsion 

stability, textural and sensory attributes in different types of meat products [6, 8-10]. In this study, we 

aimed to research the effects of inulin (powder/gelled) utilization with or without sodium carbonate on 

quality characteristics of restructured chicken steaks.  

2.  Material and Methods 

Fresh boneless post-rigor chicken breast cubes (2x3x3 cm) were supplied from the production line of 

Lezita Integrated Meat Processing Plant (Abalıoğlu Co., İzmir) and stored at 4℃ prior to production. Food-

grade sodium tripolyphosphate (STPP) and sodium caseinate was donated by Pacovis Food Co. (Izmir, 

Turkey), Orafti-HP inulin was purchased from Artisan Food Co. (Istanbul, Turkey), rosemary extract was 

supplied from Frutarom-Etol Co. (Kocaeli, Turkey) and microbial transglutaminase was purchased from 

Stern Ingredients (Izmir, Turkey). Sodium carbonate (SC) and other ingredients were purchased from local 

market. For production of control treatment (P), breast cubes were tumbled with NaCl (1%), STPP (0.5%), 

rosemary extract (0.015%) and ice (added to have 72% initial moisture) using a tumbler (Vakona GmbH, 

Germany) operated at 50 rpm under vacuum for 45 min. Other treatments were formulated with: 0.2% SC 

(C), 4.5% powder inulin (I), 4.5% powder inulin and 0.2% SC (IC), 4.5% gelled inulin (GI), 4.5% gelled 

inulin and 0.2% SC (GIC) as phosphate replacers. Gelled inulin was prepared as 30% (w/v) aqueous 

solution. All treatments were also contained sodium caseinate (1.5%) and microbial transglutaminase 

(0.7%) to enhance meat binding. The tumbled mixture was stuffed into synthetic ham casings, cold-setting 

was applied for 18h at 4℃ and then the products were steam-cooked for 4-6 h at 85℃. After that, the 

samples were cooled to 4℃, casings were removed and samples were sliced into 1 cm thickness. The steaks 

were finally packaged under modified atmosphere consisted of 70% N2 and 30% CO2 (Multivac 240, 

Germany) and stored for 15 days at 2±2°C.      

In restructured poultry steaks, total moisture, lipid and ash analysis were carried out according to 

AOAC [11] and protein content was determined according to AOCS [12]. pH was measured by using a 

pH-meter (WTW, Germany) equipped with a penetration probe. Hunter colour (L*, a*, b*) parameters of 

the emulsions was measured with a portable colorimeter (Konica Minolta, Japan). Cook yield was 

determined as a percentage from the weight loss between un-cooked and dry-cooked samples. A 9-point 

hedonic scale was used to evaluate sensory characteristics of the samples. Thiobarbituric Acid Reactive 

Substances (TBARS) was measured according to Witte et al. [13] to determine lipid oxidation secondary 

products during storage. Data was statistically analysed by Analysis of Variance (ANOVA) and Duncan 

Post-Hoc tests using the SPSS software.     

3.  Results and Discussion 

Chemical composition of the treatments is presented in Table 1. Total moisture, protein, fat and ash 

values ranged between 71.54-75.46%, 22.60-24.31%, 0.94-1.70% and 1.45-2.13%, respectively. 

Samples containing STPP (P group) and sodium carbonate (C group) had higher moisture content 

compared to others (P<0.05). Protein content of the samples generally did not differ, except GI samples 

having higher protein content compared to P (P<0.05). The highest fat content was obtained in I, IC and 

GI samples, while the lowest fat content was in P and GIC samples (P<0.05). However, it was found 

that fat content of the samples was generally pretty low since no added fat was included in the 

formulations. P samples had the highest ash content among treatments (P<0.05), probably due to higher 

inorganic content. 
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Table 1. Chemical composition of restructured poultry steaks. 

Treatments Moisture (%) Protein (%)  Fat (%) Ash (%) 

P 75.46±0.33a 22.60±0.37b 0.94±0.06c 2.13±0.09a 

C 72.99±0.81b 23.25±1.26ab 1.48±0.09b 1.71±0.04b 

I 70.52±0.29d 23.68±1.17ab 1.63±0.09a 1.45±0.05d 

IC 72.23±0.74bc 22.64±0.69b 1.70±0.06a 1.51±0.03cd 

GI 71.55±0.37cd 24.31±0.28a 1.68±0.11a 1.59±0.03c 

GIC 71.54±1.00cd 23.36±0.47ab 1.04±0.05c 1.70±0.02b 

a, b, c: Different letters indicate significant difference (P<0.05). Data is presented as mean values ± standard 

deviation.   

 

pH values of restructured steaks are presented in Figure 1. The values were between 6.18-6.39 and 

significant differences were obtained depending on formulations (P<0.05). The lowest pH values were 

belonged to I and GI samples (P<0.05). However, pH of the treatments formulated with inulin and SC 

(IC and GIC samples) were significantly increased (P<0.05). Control samples with STPP (P group) had 

significantly lower pH compared to C, IC and GIC (P<0.05). Therefore, it was found that utilization of 

inulin and SC combination in restructured poultry could meet the effect of phosphates on pH value, 

regardless of the form of inulin (powder/gelled).        

 

 
Figure 1. pH value of restructured chicken steaks. a, b, c, d: Different letters indicate significant difference 

(P<0.05).  

 

The surface colour parameters of restructured steaks are shown in Table 2. L*, a* and b* values were 

between 78.92-81.05, 1.76-3.05 and 10.80-11.94, respectively. GI samples with gelled inulin had higher 

L* values compared to P samples with STPP (P<0.05), while the other treatments had similar values. 

This result showed that utilization of gelled inulin alone could favour lighter colour probably due to the 

opaque gel colour. a* values of GIC samples were higher than P, C and GI samples (P<0.05). No 

significant differences were obtained in b* values of the samples. A study reported that inulin utilization 

in fermented chicken sausages had an increment effect on L* and a* values [14].    
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Table 2. Surface colour of restructured poultry steaks. 

Treatments L* a*  b* 

P 78.92±0.61b 1.92±0.72b 10.80±0.49 

C 80.98±0.87ab 1.76±0.61b 11.92±0.85 

I 80.07±1.00ab 2.49±0.58ab 11.94±0.27 

IC 80.95±0.93ab 2.34±0.81ab 11.76±0.65 

GI 81.05±1.75a 2.03±0.23b 11.79±1.07 

GIC 79.28±1.94ab 3.05±0.64a 11.64±0.73 

a, b, c: Different letters indicate significant difference (P<0.05). Data is presented as mean values ± standard 

deviation.   

 

 

Figure 2 presents the results of cook yield of restructured steaks, which were between 71.72-85.83%. 

Compared to P groups; C, IC, GI and GIC samples had higher cook yields (P<0.05). Therefore, the 

combined addition of inulin and SC presented an advantage to increase cook yields, which is probably 

due to the synergistic effect of pH increment by SC and binding ability of inulin. The form of inulin was 

also effective on cook loss, when used solely and in powder form, cook yield was significantly decreased 

(P<0.05). Thus, when used in gelled form, since inulin was homogenously mixed with meat it could 

favour meat binding and thus product yield. On the other hand, powder form of inulin likely was not 

able to provide homogenous distribution and thereby decreased the yield.     

 

 
Figure 2. Cook yield (%) of restructured chicken steaks. a, b: Different letters indicate significant difference 

(P<0.05).  

 

The results of sensory analysis are presented in Figure 3. Appearance, colour, texture, juiciness, 

saltiness, sweetness, flavour and general acceptability of the samples were scored between 6.44-7.33, 

6.56-6.89, 6.22-7.33, 5.44-7.67, 6.22-7.44, 6.78-7.56, 5.89-7.67 and 5.89-7.67, respectively. The scores 

were generally found to be in acceptable ranges. The highest acceptability was obtained in samples 

formulated with STPP (P groups) and formulated with inulin and SC (IC and GIC groups) (P<0.05). 

Therefore, use of inulin and SC together should provide equivalent sensory characteristics to phosphates. 

In samples containing inulin alone (I and GI), juiciness, flavour and general acceptability was 

significantly lower than other samples (P<0.05). Previously, inulin was reported to enhance sensory 

quality in different kind of meat product formulations [9, 14]. However, in phosphate-free formulations 

it could be suggested to use inulin in combination with SC to obtain similar sensory quality to phosphate 

containing products.    
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Figure 3. Sensory scores of restructured chicken steaks.  

 

TBARS values of the samples analysed during storage are presented in Figure 4. The initial TBARS 

values were measured between 0.24-0.56 mg malonaldehyde/kg, while the values were between 0.73-

0.90 mg malonaldehyde/kg in the end of the storage period. In final products, it was found that P and C 

samples had higher TBARS values compared to IC, GI and GIC (P<0.05). During the storage period, 

significant increments were detected in samples depending on the propagation of oxidation (P<0.05). 

Final values were generally similar in treatments. Therefore, it was indicated that inulin could 

compensate for the antioxidant effect of phosphates and have the potential to meet oxidative quality.  

 

 
Figure 4. TBARS values (mg malonaldehyde/kg) of restructured chicken steaks during storage period.  

 

4.  Conclusion 

Our study indicated that inulin and SC as clean-label ingredients presented favourable results as 

phosphate replacers in restructured chicken steaks. Although proximate composition of the products 

generally did not seem to change intensely, pH of the products was significantly increased with 

combination of inulin and SC. Colour values were similar to control samples in most of the phosphate-

free formulations. The combined usage of inulin and SC had an increment effect in cook yield. It was 

also observed that inulin should favour product yield when used in gelled form and presented advantages 

over powder form. Sensory analysis and lipid oxidation rate showed that usage of inulin and SC could 

enhance sensory parameters and oxidative quality and showed similar acceptability to phosphate 
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containing products. The results indicated that utilization of inulin and SC in restructured chicken steaks 

have good potential to enhance physical, chemical, technological and sensory quality and offers a novel 

possibility for phosphate replacement in formulation of healthier poultry products.      
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Abstract. Different types of food, among them meat, can be the cause of food-borne diseases, 
and infections are commonly caused by Campylobacter, Salmonella, Yersinia enterocolitica, 
verotoxic Escherichia coli and Listeria monocytogenes. All these bacteria, depending on a 
number of factors, including animal species, geographical origin, climatic factors, methods of 
animal breeding and meat production, could cause disease.  Here, we summarise results on 
production of different groups of sausages produced with or without added starter culture, and 
contaminated with Y.enterocolitica (control sausages were not contaminated). During the 
ripening, changes in the microbiological status of the fermented sausages and their physical 
and chemical properties were monitored. For all tests, standard methods were used. In these 
fermented sausages, the number of Y. enterocolitica decreased during ripening. The number of 
Y. enterocolitica was statistically significantly lower in sausages with added starter culture on 
all days of the study Zoonotic pathogens in meat should be controlled through the complete 
production chain, from the farms to consumers, in order to reduce the probability of disease in 
humans. However, the necessary controls in the production chain are not the same for all 
bacteria. 
 

1.  Introduction 
Meat processing came about from the need to conserve meat. The ancient Romans conquered the 
territory of the then known “Old World”, by, among other things, knowing how to conserve meat 
(they produced dried ham and fermented sausages), so that these products were a source of food of 
animal origin without the danger of spoiling. Lowering the water activity (aw), combined with 
lowering pH, can be considered the oldest meat conservation technology. Dried products were 
produced by drying in the air, and the aw was also reduced by salting, whether it was wet or dry salting. 
Also, in the case of fermented products, salting was used mainly to prevent the growth of bacteria. 
Little was known about the process of fermentation, the penetration of salt into the meat, or drying. 
Meat processing was seen as an art, a skill. In those times, smoke was an additional conservation 
method, especially significant for surface spoilage (mould). Therefore, some importance was given to 
smoking of meat, which contributes to a more acceptable smell and taste. 

2.  Fermented sausages 
Fermented sausages are, in fact, raw sausages, which are prepared from minced meat, solid fat, nitrite 
salt, sugar and spices. The spontaneous fermentation in this type of sausage is conditioned by the 
presence of lactic acid bacteria and coagulase negative cocci (including Kocuria spp.) in sausage 
filling (raw materials).  

http://creativecommons.org/licenses/by/3.0
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Fermentation is more successfully controlled using starter cultures. Lactobacillus sakei, L. curvatis, 
L. plantarum, L. pentosus, L. casei, Pediococcus pentosaceus and Pediococcus acidilactici [1-4] are 
most commonly used as the starter cultures. After filling into casings, sausages are subjected to 
ripening, during which there are physical, chemical and enzymatic changes that ensure the shelf life of 
the finished product, as well as the characteristic sensory properties. Usually, sausage filling intended 
for the production of sausages of a bigger diameter is coarsely minced, while the filling for smaller 
diameter sausages is prepared from the meat that is finely minced. In the case of bigger diameter 
sausages, fermentation processes are more noticeable, while in smaller diameter sausages, the external 
physical processes, i.e. drying of the product, is more prevailing. 

Differences in microbiota, physical and chemical changes occur during ripening, which also affect 
the quality of the finished product. It is understandable that given the place of production, the 
production conditions, especially those related to the ripening processes, can be controlled (air-
conditioned chambers), i.e. the temperature conditions during ripening, circulation and humidity of air, 
as well as the time and temperature of smoking can be monitored. Such controlled production 
conditions apply to both bigger and smaller industrial facilities. 

The introduction of glucono-delta-lactone (GdL), or starter cultures, as well as the use of other 
additives, allowed development of the industrial production of sausages with significantly different 
properties compared to traditional products [2,3,5,6]. 

The traditional production of raw fermented sausages, which is quite common in households in 
Serbia, takes place under uncontrolled conditions (temperature, humidity, fermentation) during the 
cooler seasons. This process does not rely on starter cultures, but on the activity of fermentative 
bacteria that are naturally present in the initial microbiota of the meat and environment of the 
production area; it is these bacteria which start and perform fermentation, i.e. decomposition of 
carbohydrates present in the filling, mainly to lactic acid [7-9]. 

In recent years efforts have been made to develop autochthonous starter cultures, i.e. starter culture 
from microorganisms isolated from these traditional sausages. Such starter cultures should positively 
affect the safety, while the typical sensory characteristics of traditional sausages remain preserved 
[10-12]. 

In many European countries, increased demand for traditional products has been observed. These 
products are foods with strong regional characteristics originating from non-industrial processes and 
which are produced in small batches with limited equipment. Preservation of traditional production 
and authentic products can help small producers and local economies, and it is also important to 
preserve traditional knowledge, cultural heritage and the regional identity of small and often 
underdeveloped communities [5,8,10,13,14]. 

3.  Yersinia in fermented sausages 
The genus Yersinia belongs to the family Enterobacteriacae. In this genus, 3 of the 12 species are 
pathogens, among them Y. enterocolitica, and 6 biotypes are recognised (5 pathogenic and 1 non-
pathogenic). This Gram negative, facultative anaerobe grows in a wide range of temperatures: optimal 
28-29°C, minimum -2°C [15]. There have been reported data that Yersinia grows at temperatures from 
-2 to 42°C [16,17] and even at temperatures of below 0°C [18]. It grows in a wide pH range, 4.2-10 
and at a minimum aw of 0.96 [15]. 

It is widespread in nature and can be found in various types of foods, as evidenced by the fact that 
yersiniosis in humans has been caused by the consumption of milk and milk products, soy products, 
various types of salads, pork meat products and various ready-to-eat products [19]. After Salmonella 
and Campylobacter, Y. enterocolitica occupies third place among the biological pathogens which 
cause foodborne disease in humans. The number of cases in the European Union in 2011 was 7,017. 
Probably there were more cases but some were likely not registered (not reported, the cause was not 
proven). Due to the importance of Yersinia in meat, the European Food Safety Authority (EFSA) 
recommended that in addition to controlling the presence of Salmonella, it is mandatory to examine 
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for the presence of Y. enterocolitica in pig carcasses [20]. As Y. enterocolitica can frequently be found 
in pig meat, there is also an understandable interest in its presence in fermented sausages, since they 
are not thermally treated, and are ready-to-eat. 

The number of Y. enterocolitica during fermentation of sausages was studied earlier [21,22]. The 
sausage filling was contaminated with Y. enterocolitica, so the number of these bacteria in the filling 
was 6.17 log CFU/g. The filling was filled into smaller (36 mm) diameter or bigger (50 mm) diameter 
casings, with subgroups of sausages with or without added starter cultures for both groups. On day 7, 
the number of Y. enterocolitica in smaller diameter sausages, without a starter culture, decreased by 
0.87 log CFU/g, and in smaller diameter sausages with added starter culture, decreased by 1.18 log 
CFU/g from the starting number. In sausages with the bigger diameter, without added starter culture, 
the number Y. enterocolitica on day 18 of ripening decreased by 1.87 log CFU/g, and in sausages with 
added starter cultures, decreased by 2.10 log CFU/g, from the starting number. In sausages of a 
smaller diameter, both with and without added starter cultures, Y. enterocolitica was not detected on 
day 12 of ripening, and in sausages with a bigger diameter, on day 25 of ripening. 

The authors [21,22] explained the negative finding of Y. enterocolitica in sausage by the fact that 
the number of lactic acid bacteria in the sausages of both diameters was close to or above 9 log CFU/g, 
that sausage pHs were below 5.5, and the aw was 0.93 and 0.95 in smaller and bigger diameter 
sausages, respectively. In several studies, the possibility of inactivating Y. enterocolitica in fermented 
sausages was examined, whereby the reason for the inactivation was considered the presence of 
nitrites, starter cultures, pH values, and spice mixtures. 

In Turkish fermented sausage, L. sakei was used as a starter culture, and Y. enterocolitica (about 5 
log CFU/g) was inoculated into the sausages [23]. After only three days, the pH was reduced from 6.3 
to 4.7 and Y. enterocolitica was not found in sausage filling. On the contrary, in the case of sausages 
without added starter culture (final pH 5.6), Y. enterocolitica was confirmed on days 4 and 12 of 
ripening. 

An even more efficient reduction in the number of Y. enterocolitica was determined by using P. 
acidilactici starter culture [24]. The number of Y. enterocolitica was reduced from 5.1 log CFU/g (day 
0) to 1.4 log CFU/g (day 1), so that on days 2 and 3, the number of these bacteria was below 1.0 log 
CFU/g. After day 4, the presence of Y. enterocolitica was not detected in the sujuk sausages. From 
these results, it can be concluded that the number L. sakei or P. acidilactici in sujuk sausages 
completely eliminated Y. enterocolitica after just four days of fermentation. The rapid decrease in the 
number of Y. enterocolitica is mostly due to the low pH, i.e. the presence of lactic acid. The presence 
of salt, nitrite and spice also contributes to the reduction in the number of Y. enterocolitis in sujuk 
sausage [25]. 

Similar results were obtained by other authors [26]. However, a short period of ripening followed 
by storage at 8°C could not inactivate Y. enterocolitica in sausages. Reduction of Y. enterocolitica 
numbers in sausages is made possible by increasing the temperature and length of ripening [27]. 
Therefore, Y. enterocolitica presents a real danger to human health in fermented sausage spread, 
where the fermentation time is short, and an extension of sustainability requires a lower storage 
temperature. In the literature, there are data on the influence of different levels of nitrites and different 
starter cultures on Y. enterocolitica [28], and the activity of L. sakei, pH and lactic acid on Y. 
enterocolitica [29]. 

In traditional dry sausage production, fermentation based on the initial microbiota [9] showed that 
the number of these microorganisms in the filling of French fermented sausages was, on average, 4.0 
log CFU/g, and among them, in addition to the microorganisms useful for fermentation and 
development of organoleptic properties of sausages (lactic acid bacteria, coagulase negative cocci, 
yeast and mould), there were also spoilage bacteria (Pseudomonas spp., Enterobacteriaceae) and 
enterococci. 

The type of microbiota that will develop, dominate or survive in traditional sausages depends on 
the production recipe, as well as the conditions of fermentation and ripening, and these conditions can 
be very different in terms of temperature, duration and relative humidity. Enterobacteriaceae are 
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common meat contaminants and, therefore, can be found in filling and sausages in numbers that 
depend on the initial loading of raw materials, sausage type and phase of ripening. These 
microorganisms usually are eliminated from fermented sausages during ripening as a result of the 
combined effects of low pH, low temperatures and low aw values. 

The presence of nitrite and lactic acid, as well as other metabolites produced under the influence of 
starter cultures, further emphasise this phenomenon. Lactic acid bacteria constitute the dominant 
group of microorganisms after 28 days of ripening, which could be explained by the good adaptation 
of these microorganisms to the given environment [30,31]. These authors, like others, stated that 
during the ripening of fermented sausages, the number of all bacterial species decreased except for 
lactic acid bacteria; these, by producing organic acids and antibacterial substances, had a suppressive 
effect on Gram negative microorganisms and Y. enterocolitica [6,21,32,33,34,35]. 

In sausages with the addition of an autochthonous starter culture, the number of bacteria was 3.1 
log CFU/g on day 0, 4.6 log CFU/g after the fermentation process and 2.0 log CFU/g on day 50 of 
production. In control sausages, the number of lactic acid bacteria was 3.0 log CFU/g on day 0 day, 
5.1 log CFU/g after the fermentation process and 2.8 log CFU/g on day 50 [10]. According to our 
results for Enterobacteriaceae [21], these organisms were not detected in control or experimental 
sausages during later stages of fermentation (in smaller diameter sausages after day 12, and in bigger 
diameter sausages after day 25). 

4.  Conclusion 
The aim of the fermentation of raw sausages is to obtain safer products, that is, products which do not 
contain foodborne pathogens which could cause disease, among which is Y. enterocolitica. In 
fermented sausages that are produced without thermal treatment, during ripening and drying, different 
parameters are used which could stop/slow the growth of pathogenic bacteria are used, due to the 
simultaneous action of several factors such as pH decrease, presence of lactic acid, decreases in aw, 
inhibitory effect of smoke (if the sausages are smoked), presence of starter culture and action of 
metabolites (bacteriocins), etc.  

Inactivation of pathogenic bacteria during the ripening of sausages involves control of their growth 
and it is a key step in the production of fermented sausages. Reduction of their number ends or is 
insufficient if the ripening process does not last long enough or is not optimal (incorrect starter culture, 
temperature, humidity, circulation), which is why this process should be controlled. 
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Abstract. This study aimed to determine Salmonella spp. prevalence in meat products, meat 
preparations and minced meat. Over a period of three years, a total of 300 samples were taken 
(100 RTE meat products, 100 meat preparations and 100 minced meat) and examined for the 
presence of Salmonella spp.	 Sampling was carried out at the warehouses of the food 
manufacturers. Salmonella spp. were not detected in RTE meat products, while 7% of semi-
finished meat products (fresh sausages, grill meat formed and unformed) contained Salmonella, 
as did 18% of minced meats (minced pork II category, minced beef II category, mixed minced 
meat). The 25 Salmonella isolates obtained were examined for antibiotic resistance by the disk 
diffusion test, according to the NCCLS and CLSI guidelines. Isolates showed resistance to 
ampicillin and nalidixic acid (80%), tetracycline (72%), cefotaxime/clavulanic acid (48%), but 
not to gentamicin (8%) or trimethoprim/sulfamethoxazole (0%). 

 

1. Introduction 
Salmonella is an important cause of foodborne disease in humans throughout the world and is a 
significant cause of morbidity, mortality and economic losses. Salmonella problems can occur in all 
segments of the food chain [1]. According to the European Food Safety Authority (EFSA) report on 
trends and sources of zoonoses, zoonotic agents and food-borne outbreaks in 2015, a total of 94,625 
confirmed human salmonellosis cases were reported by 28 European Union (EU) member states, 
resulting in an EU notification rate of 21.2 cases per 100,000 population [2]. This was a 1.9% increase 
in the EU notification rate compared with 2014. There was a statistically significant decreasing trend 
of salmonellosis in the 8-year period between 2008 and 2015 [2]. Meat during production, preparation 
and in retail comes into direct contact with microorganisms (different types and strains) which affect 
its shelf life and safety [3]. Foodborne pathogens are major causes of human illnesses in developing 
countries, causing high medical and hospitalization expenses [4]. A large number of foods, particularly 
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meat and broiler meat products, are the most important sources of human Salmonella contamination 
[5]. 

In recent years, an additional health problem is the emergence of multi-resistant strains of 
pathogenic bacteria, including Salmonella and especially in foods [6]. Extensive and intensive use of 
antibiotics for preventive and therapeutic purposes in veterinary medicine, as well as growth 
promoters in animal feedstuffs, contributed to the emergence of resistant bacteria, including zoonotic 
pathogens, in animals, and that can be transmitted in the food chain to humans [7]. Salmonella spp. 
possess highly efficient mobile genome parts (plasmids, genomic islands, transposons) with ability to 
exchange and keep different genes responsible for antimicrobial resistance [8,9]. Almost every day, 
new mutations in genes responsible for antimicrobial resistance are happening, induced by antibiotics 
used to combat Salmonella spp. [10]. EFSA and the European Centre for Disease Prevention and 
Control recommended antibiotics of interest for determining Salmonella spp. resistance: ampicillin, 
cefotaxime, chloramphenicol, gentamicin, nalidixic acid, sulphonamides and tetracycline [11]. 

The aim of this study was to determine the prevalence and antibiotic resistance of Salmonella spp. 
in retail-ready RTE meat products, and in meat preparations and minced meat (these latter two 
categories were not RTE).  

2. Materials and Methods 
In order to determine the presence of Salmonella spp. in RTE meat products, and in non-RTE meat 
preparations and minced meat, during a three-year period, 300 samples were taken in producers’ 
warehouses. The meats were originally-packed products, taken from the batches intended for transport 
to retail. The meats were transported in a cold chain and delivered to the laboratory within a day. 
Determination of the Salmonella prevalence in the meats was performed in accordance with ISO 
standard [25].  

Samples were suspended with 250 ml of buffered peptone water, homogenized for 30 seconds, and 
after that, were incubated at 37°C for 24 h. After pre-enrichment and incubation, 0.1 ml of the slurry 
was transferred into 10 ml Rappaport-Vassiliadis medium (bioMérieux, France), which was then 
incubated at 42°C, for a period of 24-48 h. After incubation, enrichment cultures were seeded onto 
differential Rambach and XLD agars, which were incubated overnight at 37°C. Colonies with typical 
growth and clearly differentiated were transferred into cryogenic vials for further testing.  

Antibiotic resistance testing was performed by disk diffusion according to NCCLS 
recommendations using commercial discs and Mueller-Hinton agar (Bio-Rad, USA). The investigated 
isolates were first subcultured on trypticase soy agar (TSA) and incubated for 24 h at 37°C. Typical 
Salmonella colonies were suspended in physiological saline to 0.5 McFarland standard density. 
Salmonella suspensions were transferred by sterile swabs onto Mueller-Hinton agar, followed by 
antibiotic disk application (automatic applicator, Oxoid, UK). The following antibiotic disks (Oxoid 
Ltd., Basingstoke, UK) were used: nalidixic acid (quinolones) 30 µg, ampicillin (penicillin) 10 µg, 
cefotaxime/clavulanic acid (cephalosporins) 30 µg, gentamicin (aminoglycoside antibiotics) 10 µg, 
tetracycline (tetracycline) 30 µg, trimethoprim/sulfamethoxazole (inhibitors of folic acid) 30 μg. After 
18 h of incubation, inhibition of Salmonella growth was measured, and the results were interpreted 
according to NCCLS (National Committee for Clinical Laboratory Standards) or CLSI (Clinical 
Laboratory Standard Institute) 2006 recommendations as sensitive, intermediate sensitive and resistant 
(Table 1).  

 
Table 1. Limits of Salmonella growth inhibition for determining antimicrobial resistance in 

accordance with CLSI recommendations 

Antibiotics Inhibition growth zone (mm) 

Resistant Intermediate 
sensitivity 

Sensitive 

Ampicillin 10 µg ≤ 13 14 – 16 ≥ 17 
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Nalidixic acid 30 µg ≤ 13 14 – 18 ≥ 19 
Cefotaxime 30 µg ≤ 22 23 – 25 ≥ 26 
Gentamicin 10 µg ≤ 12 13 – 14 ≥ 15 
Tetracycline 30 µg ≤ 11 12 – 14 ≥ 15 
Trimethoprim/Sulfamethoxazole 30 µg ≤ 10 11 – 15 ≥ 16 

3. Results 

Results of Salmonella spp. presence in the meats examined are presented in Table 2.  

 
Table 2. Salmonella spp. presence in RTE meat products, meat preparations and minced meat 

Meat type No. of samples Salmonella spp. positive samples 

 Number % 
RTE meat products 100 0 0 

Meat preparations 100 7 7 
Minced meat 100 18 18 

Total 300 25 8.33 

 

Antibiotic resistance results of Salmonella spp. isolates from the meat examined are presented in Table 
3. 

 
Table 3. Antibiotic resistance of Salmonella isolates from meat preparations and minced meat  

Antibiotic No. of 
Isolates 

Sensitive Intermediate Resistant 

 Number % Number % Numbe
r 

% 

Nalidixic acid 25 0  0 5 20 20 80 
Ampicillin 25 2 8 3 12 20 80 
Tetracycline 25 2 8 5 20 18 72 
Cefotaxime  25 7 28 6 24 12 48 
Gentamicin 25 18 72 5 20 2 8 
Trimethoprim/Sulfamethoxaz

ole 
25 20 80 5 20 0 0 

4. Discussion 
RTE foods pose a direct risk to consumers, and according to an EFSA annual report[2], in 2015, 1.1% 
and 0.7% positive samples were found for RTE food from broilers and pig meat, respectively, whereas 
one positive sample and no positive samples were found for RTE food from turkey and cattle meat, 
respectively. In our study, there were no positive samples for Salmonella spp. in RTE meat products 
(boiled sausages, cooked sausages, pâtés) which were thermally processed and originally packed. The 
results obtained indicate that any Salmonella spp. presence in RTE meats could be more related to 
inappropriate conditions or use of RTE food in retail (secondary contamination, disruption of cold 
chain during storage and contamination after package is opened). Similar results to those in our study 
were found in Latvia [12]. There, a total of 3,152 samples of raw and RTE meats were collected 
during the official control and in-house control procedures in 2015. The prevalence of Salmonella was 
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0.8% (25/3152). The highest prevalence (1.5%) of Salmonella was found in minced meat and meat 
preparations (7/481), while the lowest (0%) was in frozen meat, meat preparations (0/349) and RTE 
meats (0/364) [12]. In a ten year study in the United States (US), the Food Safety and Inspection 
Service conducted microbiological testing programs for RTE meat and poultry products produced at 
approximately 1,800 federally inspected establishments [28]. The cumulative 10-year Salmonella 
prevalences were as follows: jerky, 0.31%; cooked, uncured poultry products, 0.10%; large-diameter 
cooked sausages, 0.07%; small-diameter cooked sausages, 0.20%; cooked beef, roast beef, and cooked 
corned beef, 0.22%; salads, spreads, and pâtés, 0.05%; and sliced ham and luncheon meat, 0.22%. The 
cumulative 3-year Salmonella prevalence for dry and semidry fermented sausages was 1.43%. [28]. 
The prevalence data have certain limitations that restrict statistical interpretations, because these RTE 
product-testing programs are strictly regulatory in nature and not statistically designed. 

In the EU, the highest occurrence of samples not-compliant with Salmonella criteria was found in 
foods of meat origin which are intended to be cooked before consumption [2]. Among these foods, 
‘minced meat and meat preparations from poultry’ had a notable level of noncompliance (6.8% of 
single samples and 5.1% of batches) [2]. A study in the US in the period 2005-2007 determined an 
overall Salmonella prevalence of 4.2% in minced beef meat [14]. Enumeration showed that 94.2% of 
these contained Salmonella levels below 2 CFU/g. Regional monthly prevalences of Salmonella varied 
from 1.8% to 6.5% but were not statistically different [14]. The results obtained in our study show a 
similar Salmonella prevalence in meat preparations (7% in semi-finished meat preparations), but in 
minced meat, our Salmonella prevalence was significantly higher (18%) compared to other studies 
[12,14,26]. In a similar study in Belgium, Salmonella prevalences in minced meat at retail level ranged 
from 0.3% to 4.3% [26]. In an investigation in Poland [29], significantly lower prevalences of 
Salmonella spp. in meat preparations were determined (0.4-0.7% in porcine meat preparations and 
fresh sausages) than in our study.  

The presence of Salmonella spp. in meat preparations and minced meat poses a risk to human 
health. The in-laboratory testing for Salmonella using reference method EN ISO 6579:2008 [25], lasts 
4-5 days, so there is not enough time to prevent exposure of consumers to contaminated meat 
preparations or minced meat, if these are sold soon after production. Although meat preparations and 
minced meat are intended to use after thermal processing, and Salmonella is thermally sensitive, the 
presence of Salmonella spp. is considered a food safety problem, as is stated in Serbian legislation 
[27].  

The presence of Salmonella spp. in minced meat, meat preparations and meat products is related to 
the origin of meat used in production (epizootic situation, primary production, slaughterline, cutting, 
cold storage, hygiene practice of employees). Salmonella contamination in the food chain was 
examined in Brazil using a meta-analysis model, and Monte Carlo simulation estimated the 
Salmonella prevalence in beef cuts from processing plants was ∼6.1% (95% probability) [13]. This 
was in reasonable agreement with a pool (n = 105) of survey data for Salmonella prevalence in 
Brazilian beef cuts (∼4.9%; 95% probability) carried out in commercial establishments. The results 
not only underscored the significant increase in Salmonella prevalence that can occur during 
evisceration/splitting and boning but also reinforced that, when hygienic slaughter procedures are 
properly implemented, the load of Salmonella can be reduced at dehiding, rinsing and chilling [13]. A 
slightly better situation was determined in Belgium [15]. A constant and significant decrease in 
Salmonella prevalence was observed for pork carcasses, trimmings, and minced meat and for beef 
minced meat. Less than 3% of beef carcasses and trimming samples were positive for Salmonella spp. 
From 1997 to 1999, the prevalence of Salmonella spp. was assessed at different stages through the 
pork, poultry, and beef meat production chains, and initial prevalences were 20 to 26% [15]. Based on 
this introductory study, a new sampling plan was used from 2000 to 2003. This new plan was suitable 
for monitoring zoonoses, because it was representative of nationwide production processes, covered 
all periods of the year, was executed by trained samplers and the analyses were carried out by 
recognized laboratories using an identical analytical method [15].  
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In our study, Salmonella isolates were sensitive (at intermediate or sensitive levels) to 
trimethoprim/sulfamethoxazole (100%) or gentamicin (92%), were sensitive to a lesser degree to 
cefotaxime (52% of isolates were sensitive) but very low percentages of our isolates were sensitive to 
tetracycline (28%), ampicillin (20%) or nalidixic acid (20%). Similar results were gained by Wang et. 
al [16] when they determined their Salmonella isolates had low ampicillin sensitivity (21.7%). In 
contrast, Nogrady et. al [17] determined Salmonella isolates originating from primary production in 
Hungary were largely resistant to sulphonamides [17]. In Italy during 2005-2006, Salmonella isolates 
from primary production and retail showed multiresistance to ampicillin, chloramphenicol, 
streptomycin, sulphonamides, tetracycline, kanamycin and trimethoprim/sulfamethoxazole [18]. In 
Poland during 2008-2012, 106 Salmonella isolates were sensitive to nalidixic acid (47%), tetracycline 
(68%), ampicillin (72%), sulphonamides (74%) and cefotaxime (100%) [19]. Finally, in Thailand 
Salmonella isolates were sensitive to tetracycline (27%), nalidixic acid (46%), gentamicin (64%), 
ampicillin (73%) and trimethoprim/sulfamethoxazole (73%) [20].  

Salmonella presence in primary production is a significant public health problem, particularly in 
countries without adequate control measures or in the areas where climate favours Salmonella survival 
and growth [21]. Biosecurity measures in primary production are a line of well-designed obstacles in 
order to prevent Salmonella contamination and spread [22,23]. Continual education of employees is 
the basis for implementing biosecurity measures, as is stated in primary production biosecurity 
protocols [24].  

5. Conclusion 
This study shows that the presence of Salmonella spp. in meat preparations and in minced meat, 
together with the high prevalence of antibiotic-resistant strains, is a significant public health issue in 
Serbia (18% of minced meat and 7% of meat preparations contained the organism). Salmonella spp. 
were not detected in RTE meat products. 

The presence of Salmonella spp. in minced meat and meat preparations is a safety issue, although 
these types of foods are intended to be used after thermal processing (as stated on the food 
declarations).  

“Salmonella free” status, under current production conditions for Serbian fresh meat, meat 
preparations and minced meat, is most likely unachievable. Therefore, Salmonella prevalence in meat 
production at different production stages in the food chain must be determined and monitored under 
the Salmonella National Control Program.  

The testing time using the reference method for Salmonella determination [25] lasts longer (4-5 
days) than the shelf life of minced meat or meat preparations (usually 48-72 h), so there is not enough 
time to take any corrective measures, in order to prevent exposure of consumers to potentially harmful 
food. Therefore, other analytical methods to determine Salmonella, which provide results in a shorter 
time and with similar levels of reliability as the reference method, must be applied. This would enable 
appropriate corrective measures to be taken, and should result in less risk to consumers’ health.  
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Abstract. Food can be an important route for transmission of parasites to humans. Compared 
to other foodborne pathogens in Serbia, foodborne (or potentially foodborne) parasites do not 
get the attention they undoubtedly deserve. The aim of this article is to give an overview of the 
most important parasitic pathogens that can be transmitted by food, and that cause disease in 
humans: Echinococcus, Trichinella, Taenia solium and Toxoplasma gondii. For each of these 
pathogens, the severity of human diseases they cause, incidence, mortality and case fatality rate 
among humans in Serbia as well as their prevalence in animal species in Serbia are described. 
Some of the described foodborne parasites can induce severe disease symptoms in humans 
associated with high case fatality rates, while others can cause massive outbreaks. All of the 
aforementioned parasites occur throughout Serbia and cause both severe public health 
problems and substantial economic losses in livestock production. In conclusion, the control 
measures of foodborne parasites certainly need to include education of farmers and 
improvement of veterinary sanitary measures in animal farming and animal waste control. 

1. Introduction 
Within the system of public health control, foodborne parasites do not attract the same level of 
attention as the bacterial and viral hazards. However, parasites can cause severe clinical symptoms, 
can have a prolonged disease course and sometimes have fatal outcomes. The primary sources of food 
contamination are animals and/or humans. Parasites do not replicate in food; however, during food 
processing, accidental contamination of large amounts of safe, parasite-free food can occur. This 
situation is commonly seen with Trichinella. Mixing of meat from one Trichinella-infected pig with 
meat that originates from healthy animals can result in several tens of kilograms of contaminated 
products, which can cause massive epidemics affecting hundreds of diseased individuals [1]. The 
transmission of parasites by food is commonly associated with faecal contamination and poor, 
inadequate hygiene. Although the prevalence of foodborne parasitic diseases remains unreported, it is 
considered that the global annual prevalence in humans of parasitic trematodes is 56.2 million disease 
cases of which 7.8 million manifest severe clinical sequelae, with a total of 7,158 fatal outcomes [2]. 

The complex epidemiology and life cycles of parasites play central roles in the identification, 
prevention and control of risks associated with foodborne parasitic diseases. Monitoring parasitic 
diseases is further complicated by their (often) prolonged incubation periods, subclinical course of 
infections and diagnostic failures in chronic sequelae [3]. 
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The Food and Agriculture Organization of the United Nations (FAO) and World Health 

Organization (WHO) established a joint international expert group that reported on worldwide 
foodborne parasite hazards in 2014 [4]. In this report, 24 parasites important for food safety were 
highlighted, including (ordered by their importance): 1. Taenia solium, 2. Echinococcus granulosus, 3. 
Echinococcus multilocularis, 4. Toxoplasma gondii, 5. Cryptosporidium spp. Currently, within the 
framework of COST Action FA1408, “A European Network for Foodborne Parasites (Euro-FBP)”, 25 
parasites are ranked at pan-European and regional level. 

The aim of this study is to give an overview of the most important foodborne parasitic pathogens 
which can cause human diseases in Serbia. So far, several tens of foodborne parasites which belong to 
the groups of protozoa, nematodes, trematodes and cestodes were identified in Serbia. The identified 
parasites can be transmitted by the meat of pigs, cattle, sheep and fish and/or by food of plant origin. 
In this article, four foodborne parasites were selected as the most important. Criteria for selection 
were: severity of diseases and potential fatal outcomes in humans, the mandatory reporting of human 
and/or animal diseases and availability of relevant data on their prevalence and incidence in animal 
and human populations in Serbia. The data were obtained from the official web-sites of authorized 
institutions such as the Institute of Public Health of Serbia, Dr Milan Jovanović Batut (hereafter called 
Institute Batut) and the Ministry of Agriculture and Environmental Protection, Veterinary Directorate 
for the period spanning the beginning of 2005 to the end of 2015, if such data were not available from 
relevant scientific literature. 

2. Foodborne parasites  
 
2.1. Echinococcus  
The genus Echinococcus includes six species, and two of them are the most important from the human 
health point of view – E. granulosus which causes cystic echinococcosis and E. multilocularis which 
causes alveolar echinococcosis. To complete their life cycle, Echinococcus requires intermediate and 
definitive hosts. The definitive hosts – carnivores (most commonly dogs) – excrete, via their faeces, 
either gravid proglottids containing eggs or eggs. These are deposited directly into the environment. 
Eggs enter the intermediate host by ingestion. The predominant intermediate host species in Serbia are 
sheep, cattle and pigs as well as humans [5]. Eggs enter the intermediate host by ingestion. Larvae 
(metacestodes) and infectious elements (proscolex) develop in the bodies of intermediate hosts. 
 
2.1.1. Human echinococcosis in Serbia. Basic criteria for categorising Echinococcus granulosus as an 
important foodborne parasite in Serbia are severity of human disease and case fatality rate. 

 Human infection can develop after egg ingestion  via contaminated water, unwashed fruits and 
vegetables or via direct contact with dog hair. After ingestion, eggs release oncospheres that pass from 
the intestines mostly to the liver, where oncospheres develop into cysts. Besides liver (65%), the cysts 
can also develop in lungs (25%) and, less frequently, in the spleen, heart or kidneys. Infection is 
associated with development of single or multiple cysts, which range in size from the size of a walnut 
to the size of a child’s head [6]. 

The incubation period commonly lasts from 2 to 15 years, and the clinical manifestation of the 
disease is determined by the size and location of the cyst. The cyst growth rate is usually 1 to 5 cm per 
year [6]. In Serbia, the incidence of the disease is higher in females (68.9% in childhood) than in 
males [7]. The infection can remain asymptomatic for a long period of time, which can result in the 
formation of cysts containing several litres of fluid full of infectious protoscoleces [6]. 

The disease often takes a chronic course, wherein clinical manifestations include liver enlargement, 
abdominal pain, and bile duct obstruction associated with jaundice and vomiting. A pulmonary 
location of cysts is characterized by severe pain in the chest associated with bloody sputum. Cyst 
rupture results in anaphylactic shock and death of the diseased person [8]. Cysts in the brain or eye, 
which are common cyst locations in children, produce clinical manifestations quite rapidly [6]. 
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According to official records from the Institute Batut, in the period 2005 to 2016, three persons in 
Serbia died from echinococcosis. The mortality rate (number of deaths per 100,000 population) was 
not high, ranging from 0.01 to 0.05; however, the case fatality rate (number of deaths related to 
number of sick persons with the disease) was extremely high, ranging from 3.13 to 5.88% in hepatic 
echinococcosis, over 25.00% in Echinococcosis alia non specificata and as much as 33.33% in 
pulmonary echinococcosis. According to these data, pulmonary echinococcosis in Serbia has a fatal 
outcome in one third of the diseased patients. 

Throughout the 11-year monitoring period (2005 to 2016), the average incidence of echinococcosis 
in Serbia was 0.96 cases per 100,000 population (Table 1). The incidence in Vojvodina was higher 
than in Central Serbia. The highest incidence was recorded in Vojvodina in 2014, reaching 1.26 cases 
per 100,000 population. 

The first diagnosis of Echinococcosis multilocularis in beaver [9] in Serbia was established in 
2015, which is of significant epidemiological importance. This species causes human alveolar 
echinococcosis, an extremely severe disease with poor prognosis. Intensive lateral asexual 
multiplication in the human host results in a significant risk for human health – the spread of foreign 
tissue is aggressive, like a malignant tumour and can progress from the liver to lungs, spleen and 
kidneys [10]. The presence of alveolar echinococcosis is confirmed in neighbouring countries; thus, 
the future occurrence of the disease in humans in Serbia is likely. 

 
2.1.2. Animal echinococcosis in Serbia. Serbia, as well as other parts of the Balkans and the 
Mediterranean basin, is considered an endemic region for echinococcosis. According to research 
conducted in Serbia, the domestic dog is the predominant definitive host for E. granulosus, with an 
infection prevalence in dogs ranging from 15% in Valjevo to 48% in Požarevac [5]. 

 Echinococcosis is a mandatory reportable disease for both humans and all animal species in 
Serbia. According to data from the Veterinary Directorate, during 2005 to 2016, examination on 
livestock slaughter lines revealed only 11 echinococcosis foci, with a total of 62 infected pigs. 
However, these official data do not reflect the true picture of the infection prevalence in animals. 
Several scientific publications reported the prevalence of echinococcosis in animals in Serbia. 
According to Debeljak [5], the prevalence of echinococcosis in Serbia ranges from 70.64 to 95.0% in 
older sheep categories, 5.76 to 7.27% in beef cattle, 56.95 to 94.61% in cattle and 2.41 to 34.8% in 
pigs. 

The high prevalence of echinococcosis in animals is largely due to the lack of knowledge among 
Serbian livestock farmers and dog owners. Namely, slaughter of sheep and pigs in households for their 
own needs is mostly performed without veterinary-sanitary examination. The disposal of offals from 
intermediate host animals (especially liver that contains Echinococcosis cysts) is inadequate; they 
often end up as dog feed. Moreover, dog owners often do not practice dehelminthisation and the 
population of stray dogs is still not under control [5]. 
 

Table 1. Incidence in Serbia of human parasitic illness (per 100,000 population). 
Year Toxoplasmosis (non 

specific) 
Trichinellosis Echinococcosis 

Sa  CSb  Vojvc S CS Vojv S CS Vojv 
2005 0.75 0.57 1.23 4.52 1.13 13.63 0.63 0.51 0.93 
2006 0.92 0.90 0.99 2.53 1.66 4.87 0.81 0.45 0.7 
2007 1.18 1.18 1.11 2.38 2.21 2.83 0.34 0.33 0.35 
2008 1.06 1.04 1.10 1.23 0.67 2.76 0.49 0.43 0.7 
2009 0.99 1.01 0.96 1.52 1.89 0.51 0.44 0.48 0.3 
2010 1.04 1.08 0.91 1.52 1.89 0.51 0.38 0.24 0.76 
2011 0.74 0.77 0.66 1.74 1.09 3.52 0.45 0.38 0.66 
2012 0.86 0.89 0.78 0.64 0.70 0.47 0.54 0.61 0.47 
2013 0.77 0.74 0.83 1.32 0.49 3.57 0.57 0.46 0.83 
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2014 1.06 0.99 1.26 1.20 0.95 1.88 0.63 0.58 0.78 
2015 1.15 1.17 1.10 1.15 0.55 2.79 0.73 0.62 1.05 

                   
Average 0.96 0.94 0.99 1.80 1.20 3.39 0.55 0.46 0.68 
SDd  0.16 0.19 0.19 1.05 0.61 3.68 0.15 0.12 0.23 
Min 0.74 0.57 0.66 0.64 0.49 0.47 0.34 0.24 0.3 
Max 1.18 1.18 1.26 4.52 2.21 13.63 0.81 0.62 1.05 

a – Republic of Serbia  
b – Central Serbia region 
c – Vojvodina region 
d – Standard deviation 
 

 
2.2. Trichinella  
To date, eight species belonging to the genus Trichinella and three still unclassified genotypes (T6, T8 
and T9) have been identified [11]. The most important species in Serbia are Trichinella spiralis and 
Trichinella britovi. Trichinella are transmitted by consumption of meat containing infectious larvae, 
and susceptible animals include all mammal species, reptiles and birds [12]. 
 
2.2.1. Human trichinosis in Serbia. Basic criteria for categorising Trichinella as an important 
foodborne parasite in Serbia are the number of affected individuals, parasite distribution over the 
entire country in both humans and animals and the case fatality rate. Throughout the 11-year 
monitoring period (2005 to 2016), the average incidence in Serbia was 1.80 cases per 100,000 
population (Table 1). The incidence in Vojvodina region was somewhat higher than in Central Serbia 
(Table 1). The highest incidence was recorded in 2005 in Vojvodina, being 13.63 cases per 100,000 
population. 

When comparing the incidence of rates for the three parasitoses monitored during 2005 to 2016, the 
incidence of trichinellosis was higher than that of echinococcosis and toxoplasmosis (Table 1). The 
average annual incidence of trichinellosis was 1.8 cases per 100,000 population. The highest incidence 
of trichinellosis (13.63 cases per 100,000 population; 2005) was far higher than that of the other two 
monitored parasitoses (echinococcosis – 1.26 cases per 100,000 population and toxoplasmosis – 0.81 
cases per 100,000 population).  
 
Human trichinellosis develops after ingestion of live Trichinella larvae, most commonly via the meat 
or meat products. Traditional smoked pork products are the main source of infection (76%). The 
occurrence of human trichinellosis in Serbia shows strong seasonality, and most of the cases occur 
during winter [13]. 

The disease in humans takes an acute course. The incubation period ranges between one and 33 
days. The mean time between onset of symptoms and admission is nine days. Family outbreaks are the 
most frequent, rather than individual cases or large-scale outbreaks. Fever is the most frequent clinical 
manifestation (90%), followed by myalgia (80%) and periorbital oedema (76%) [13]. The clinical 
manifestations of disease are determined by the number of ingested larvae, but also by the immune 
status of the individual. Infrequently, the disease progresses to a chronic course and manifests as 
myalgia and fatigue. Complications from trichinellosis include myocarditis, endocarditis, encephalitis, 
and meningitis, all with an accompanying poor prognosis [14]. Fatal outcomes of trichinellosis occur 
in third to fifth week of infection, though not very frequently. According to official data, from 2005 to 
2016, three fatal outcomes were recorded in Serbia in 2005. The mortality and case fatality rates were 
not high, being 0.02 to 0.10 and 0.72 to 1.61, respectively. However, the very existence of fatal 
outcomes in humans emphasizes the importance of this foodborne parasite. 
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2.2.2. Animal trichinellosis in Serbia. Serbia is considered an endemic area for trichinellosis. In 
Serbia, Trichinella has been reported in domestic pigs, horses, wild boars, foxes, jackals, raccoons, 
wolves, and bears [15, 16]. Domestic pigs are the predominant reservoir of human infection. 

Trichinellosis is a mandatory reportable disease for both humans and all animal species in Serbia. 
According to official data from the Veterinary Directorate, during the monitored period (2005 to 
2016), 2,307 trichinellosis foci were reported, and a total of 3,084 infected pigs. According to the 
literature data, the prevalence of trichinellosis in domestic pigs in Serbia is around 0.02%, but it can 
reach approximately 0.5% in endemic regions and about 1% in wild boars [17,18]. 

Endemic persistence of trichinellosis in Serbia is determined by a range of factors, including poor 
socioeconomic conditions, inadequate education of livestock farmers and food business operators, 
insufficient veterinary control and improper disposal of dead animals [16].  
 
2.3. Taenia solium  
Tapeworms Taenia saginata and Taenia solium are zoonotic parasites and both are present in Serbia. 
Humans are the definitive host for both Taenia species, and cattle and pigs are intermediate hosts for 
T. saginata and T. solium, respectively. Tapeworms can cause two diseases – taeniasis and 
cysticercosis.  

Taeniasis is a parasitic disease of the definitive host, humans. The disease is induced by adult 
tapeworm (either T. saginata or T. solium) inhabiting the intestines, and is typically associated with 
mild clinical manifestations. Taeniasis develops in humans after consumption of undercooked meat 
containing cysts enclosing viable larvae [4]. T. saginata poses comparably lower severity of foodborne 
disease than T. solium, as it causes only taeniasis.  
Cysticercosis is a parasitic disease of the intermediate hosts, cattle and pigs. In cattle, cysticercosis is 
caused by ingestion of T. saginata eggs and in pigs by ingestion of T. solium eggs [4]. Rarely, T. 
solium cysticercosis also occurs in humans, after autoinfection by ingesting eggs excreted from Taenia 
living in their own or somebody else’s intestines. Therefore, t 

he severity of human disease caused by T. solium is comparably much higher than that caused by T. 
saginata, as it can cause not only taeniasis but also human cysticercosis. Cysticercosis in humans 
potentially affects vital organs and has associated severe complications. 
 

 
2.3.1. Human cysticercosis in Serbia. Basic criteria for categorising Taenia as an important foodborne 
parasite in Serbia are the severity of the disease in humans, distribution over the entire country and 
case fatality rate. 

According to the FAO, T. solium is ranked as the most important foodborne parasite in the world. 
T. solium infections are endemic in a number of underdeveloped countries in Africa, Asia, and South 
America and are associated with poverty, poor sanitary and living conditions as well as inadequate 
health protection [19]. Cysticercosis is considered an endemic disease in Europe. The regions of the 
Mediterranean basin and Southeastern Europe (including Serbia) are areas with sporadic cases of 
autochthonous infection. In the European Union, a substantial number of imported cases of the disease 
was recorded in humans with history of travel or stay in underdeveloped countries [19]. 

Humans become infected by ingesting eggs of T. solium either directly via the faecal-oral route, via 
contaminated food and/or water, or via autoinfection in individuals with taeniasis (see above). Once 
eggs are in the human intestines, they release embryos that spread over the entire body to form cysts. 
In humans, the central nervous system is the primary site of cyst formation; however, cysts can also 
occur in striated muscles [20].  

The symptoms of human cysticercosis are not pathognomonic and are determined by the location, 
number and size of lesions as well as the immune status of the diseased individual. The most severe 
form of cysticercosis is neurocysticercosis, which can lead to epileptic seizures and fatal outcomes. In 
underdeveloped countries, cysticercosis causes severe human diseases, and it is considered the leading 
cause of acquired epilepsy in developing countries (30%). It is believed that neurocysticercosis is 
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associated with around 6.3% of reported epilepsy cases in developed countries [19]. The case fatality 
rate is not high, being <1% [4]. 

Human cysticercosis is not a mandatory reportable disease in Serbia, and therefore, there are no 
official data on its incidence among the human population in Serbia. Available data on human 
cysticercosis in Serbia were obtained from scientific literature. According to Bobić et al. [21], the 
annual incidence of cysticercosis varies between 0 and 0.29 cases per 100,000 population. During the 
1990s, a statistically significant increase in the number of cases was observed. The situation has 
changed after 2000, and ever since, a statistically significant decrease cases has been recorded. In 
Serbia, the majority of hospitalized cases (67.2%) were aged 30-59, and the incidence was the same 
among genders [21]. Less than 9% of cases belonged to professionally endangered categories (e.g. 
farmers) [21]. According to data from http://global-disease-burden.healthgrove.com the mortality rate 
in Serbia has decreased, with the following values: 0.0005 deaths per 100,000 population in 2005; 
0.0003 deaths per 100,000 population in 2010, and; 0.0002 deaths per 100,000 population in 2013. 
The majority of deaths associated with cysticercosis were recorded in individuals more than 80 years 
old.  
 
2.3.2. Animal cysticercosis in Serbia. Animals acquire cysticercosis either from the environment or by 
direct contact with faeces from infected humans. In undeveloped countries, cysticercosis causes 
substantial economic losses in pig production. Neurocysticercosis in pigs can lead to seizures similar 
to epileptic seizure in humans with neurocysticercosis. Pigs manifest tonic muscle contractions 
followed by sudden diminution in all muscle tone leading to collapse, and they typically walk in 
circles [22]. 

Bovine and porcine cysticercosis are mandatory reportable diseases in Serbia and meat inspection 
is performed to determine the disease on livestock slaughter lines. During 2005 to 2016, according to 
official data, seven cases of bovine cysticercosis were reported in Serbia. According to the literature 
data, a low prevalence of bovine cysticercosis is continuously present in the country [23]. According 
to data from the World Organisation for Animal Health (www.oie.int) from 2005, Serbia reported 65 
cases of porcine cysticercosis in 2009 and 4 cases in 2006.  

Risk factors for spreading cysticercosis include free access of animals to pastures and risky waters 
as well as uncontrolled human defecation in the proximity of farms [24]. In developed countries, 
application of proper sanitation measures, adoption of intensive pig production systems and adequate 
control on the livestock slaughter line resulted in either complete eradication or control of 
cysticercosis [25].  

Even if the incidence of cysticercosis in Serbia is decreasing, the disease has not yet been fully 
eradicated. Similarly to the other foodborne parasites, adequate education of livestock farmers and 
upgrades to veterinary-sanitary measures are the prerequisites to improve the epidemiological 
situation. 

  
2.4. Toxoplasma gondii 
Toxoplasma gondii is a protozoan parasite infecting virtually all warm blooded species, including man 
and food producing animals. The genus Toxoplasma encompasses only one species, Toxoplasma 
gondii; however, there are several genotypes (I, II, III). The definitive hosts of Toxoplasma are Felidae 
family members. Definitive hosts shed oocysts into the environment in their faeces, thus infecting 
intermediate hosts [26]. 

 
2.4.1. Human toxoplasmosis in Serbia. Basic criteria for categorising Toxoplasma as an important 
foodborne parasite in Serbia are severity of the disease in humans, distribution over the entire country 
and number of affected individuals. 

2. Throughout the 11-year monitoring period (2005 to 2016), the average incidence in Serbia was 
0.96 cases per 100,000 population (Table 1). The incidence rate in Vojvodina is somewhat higher than 
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that in Central Serbia. The highest incidence was recorded in Vojvodina in 2014, being 1.26 cases per 
100,000 population. 

Human toxoplasmosis has a worldwide distribution with highly variable seroprevalence ranging 
from 10 to 70%. The three infectious forms of Toxoplasma are tachyzoites, bradyzoites and oocysts. 
Bradyzoites are transmitted by tissues of intermediate hosts, and oocysts by faecally contaminated 
food and water. An outbreak of toxoplasmosis which was caused by unpasteurized goat milk with 
confirmed tachyzoite finding was reported by Guy et al. [26]. According to research conducted in 
Serbia, consumption of undercooked meat (mainly beef) is the main risk factor for the development of 
toxoplasmosis [27].  

The clinical picture of alimentary toxoplasmosis caused by bradyzoites in meat varies according to 
the degree of meat invasion, cooking method and meal preparation technique as well as immune status 
of the infected individual and the genotype of Toxoplasma [26]; this makes the clinical course of the 
disease highly variable. 

In immunocompetent persons, clinical manifestations are mild, encompassing moderately elevated 
body temperature, fatigue, throat and muscle pain and headache. 

In immunocompromised individuals (patients with AIDS or those undergoing immunosuppressive 
therapy or treatment), clinical manifestations of toxoplasmosis can be extremely severe, including 
encephalitis, retinochoroiditis and pneumonitis [26,27]. Toxoplasmic encephalitis is one of the leading 
causes of deaths of patients with AIDS.  

Ocular toxoplasmosis can produce a complicated clinical picture, and it sometimes results in partial 
or total loss of vision. Even though available literature mostly reports ocular toxoplasmosis occurring 
in Africa and South America, cases of this disease were also recorded in Serbia.  

Toxoplasmic encephalitis is one of the leading causes of deaths of patients with AIDS. Congenital 
toxoplasmosis is a particularly severe form of toxoplasmosis. The disease is not foodborne, but can 
occur as the consequence of underlying foodborne infection of the mother. Transplacental infection 
can lead to abortion or, if the foetus survives, occurrence of hydrocephalus, seizures, retinochoroiditis, 
spasticity, deafness, and hepatosplenomegaly [26,27]. In some cases, newborns do not manifest 
disease symptoms at birth; however, later in life, they can manifest symptoms of mental retardation 
and retinochoroidal lesions. If the infection is acquired at some later stage of pregnancy, the child can 
remain without symptoms or have only mild complications. Clinical picture is determined by the 
genotype of Toxoplasma [26]. 
 
2.4.2. Animal toxoplasmosis in Serbia. Toxoplasmosis in animals occurs worldwide, including in 
Serbia. Animals can acquire toxoplasmosis either from the environment or by direct exposure to 
infected cat faeces. Clinical manifestations of the disease in animals have not been recorded. In some 
countries, sheep and goats are the main source of human infections, whereas predominant reservoirs in 
other countries are pigs and cattle. In theory, poultry meat could be considered a source of infection; 
however, there are no records of toxoplasmosis epidemics associated with poultry meat so far [28]. 

Animal toxoplasmosis is not a mandatory reportable disease in Serbia, but according to the 
Veterinary Directorate, there were two reported cases of sheep toxoplasmosis in Serbia (one each in 
Zlatibor and Srem Districts). Seroprevalent animals were reported in 2007 and 2015 including five 
sheep. Scientific literature reported seroprevalences in domestic animals in Serbia as: 84.5% of sheep, 
76.3% of cattle, and 28.9% of pigs being seropositive [27]. 

Toxoplasmosis shows the worldwide distribution including our country as well. Decrease of 
toxoplasmosis prevalence in domestic animals can be accomplished primarily by improvement of 
biosecurity measures on farms. This requires excluding cats as a means of rodent population control 
on farms. 
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3. Conclusions 
The described foodborne parasites, Echinococcus, Trichinella, Taenia solium and Toxoplasma gondii, 
are endemically present in Serbia. Their distribution and persistence within the domestic animal 
population is directly associated with inadequate zoohygienic conditions including contamination of 
irrigation water, usage of manure for fertilization purposes, poor personal hygiene or inadequate food 
preparation practices. Moreover, the level of education of farmers and pet owners regarding personal 
hygiene and keeping livestock and/or pets in a healthy and hygienically responsible manner is not 
adequate. 

Improvement of veterinary-sanitary controls for animal farming systems and safer handling and 
disposal of animal waste from farms and slaughterhouses are prerequisites for enhancing the 
epidemiological situation in Serbia with respect to parasites. 
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Abstract. The meat industry is demanding antioxidants from natural sources to replace 
synthetic antioxidants because of the negative health consequences or beliefs regarding some 
synthetic ones. Plants materials provide good alternatives. Spices and herbs, generally used for 
their flavouring characteristics, can be added to meat products in various forms: whole, ground, 
or as isolates from their extracts. These natural antioxidants contain some active compounds, 
which exert antioxidative potential in meat products. This antioxidant activity is most often due 
to phenolic acids, phenolic diterpenes, flavonoids and volatile oils. Each of these compounds 
often has strong H-donating activity, thus making them extremely effective antioxidants; some 
compounds can chelate metals and donate H to oxygen radicals, thus slowing oxidation via two 
mechanisms. 
Numerous studies have demonstrated the efficacy of natural antioxidants when used in meat 
products. Based on this literature review, it can be concluded that natural antioxidants are 
added to fresh and processed meat and meat products to delay, retard, or prevent lipid 
oxidation, retard development of off-flavours (rancidity), improve colour stability, improve 
microbiological quality and extend shelf-life, without any damage to the sensory or nutritional 
properties. 

1. Muscle lipids and lipids oxidation 
Fresh and processed meats offer numerous nutritional and health benefits and provide unique eating 
satisfaction in the lifestyle of the modern society. However, consumption of red meat, including 
processed products, is subjected to increasing scrutiny due to the health risks associated with toxins 
that potentially could be generated during meat preparation and storage [1]. 

Lipids and their derivative fatty acids are present in muscles as structural components of muscle 
membranes, as storage droplets of triacylglycerol between muscle fibres and as adipose tissue [2]. The 
fatty acids in the lipids of muscle tissues can be saturated or unsaturated. Free fatty acids are electron-
deficient at the oxygen atom of the carbonyl group (C=O); unsaturated fatty acids are also electron-
deficient at points of carbon–carbon unsaturation (C=C). These electron deficient regions make fatty 
acids susceptible to attack by a variety of oxidizing and high-energy agents generating free radicals 
[3]. Triglycerides contain straight chains of primarily 16- to 18-carbon fatty acids and minimal 
amounts of unsaturated fatty acids. Phospholipids in tissue membranes contain up to 15 times the 
amount of unsaturated fatty acids (C18:4, C20:4, C20:5, C22:5 and C22:6) found in triglycerides. 
They are much more susceptible to oxidation because of the number of C=C they contain [4]. 

http://creativecommons.org/licenses/by/3.0
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Lipid oxidation is described as an oxygen-dependent, oxidative deterioration of saturated and 
unsaturated fatty acids. This modification of fatty acid is principally carried out by an autocatalytic 
mechanism of free radicals, called auto-oxidation and consisting of three phases: initiation, 
propagation and termination. In the first reaction, the presence of prooxidants, or reactive oxygen 
species, or any other oxidation-favourable condition, results in the loss of a hydrogen radical from 
unsaturated fatty acids. In the absence of such oxidation-favourable conditions, the reaction between 
fatty acids and oxygen molecules cannot occur because of the unequal electronic state and spin barrier 
posed by these ground states. Thus, the reactive oxygen species or other prooxidants, after thermal, 
redox or light reaction, can produce free radicals and thus start the primary reaction of lipid oxidation. 
In the second stage, molecular oxygen reacts with the alkyl radical of an unsaturated fatty acid and 
results in peroxide radical formation. In a subsequent reaction, the formation of hydroperoxides 
occurs. These are primary products of lipid oxidation and are relatively stable at moderate reaction 
conditions (low temperature/absence of prooxidative metal ions). However, because of the adverse 
conditions present in the muscle foods, the hydroperoxides become susceptible to further free radical 
chain reactions, such as isomerization and decomposition. This produces secondary products, 
including pentanal, hexanal, 4-hydroxynonenal and malondialdehyde. The last stage is known as 
termination reaction, during which the free radicals react in various combinations to form stable 
products. Other unstable compounds are also formed during the termination reaction, which also affect 
the quality of meat products and give rise to an unpleasant flavour (taste and odour) [2]. 

Many compounds formed during lipid oxidation (aldehydes, ketones) contribute off-odours that are 
perceptible at very low concentrations. Odour detection thresholds for pentanal, hexanal and heptanal, 
compounds typically generated from the breakdown of oxidized linoleic acid have been reported to be 
<34, <38 and 62 ppb, respectively, in a gelatine model system [5]. 
The lipid oxidation rate is directly proportional to the unsaturation of fatty acids. Lipid oxidation also 
depends upon: the level of antioxidants (internal or external) and the presence of prooxidants, such as 
free iron [6]. 

When meat ages it turns brown as the myoglobin is converted to metmyoglobin (oxidized form). 
Lipid oxidation increases the rate of metmyoglobin formation; metmyoglobin acts as a catalyst for 
lipid oxidation, which further increases the rate of lipid oxidation and deterioration of product colour 
and flavour occurs [2]. 

Thus, lipid oxidation is responsible for development of primary and secondary oxidation products, 
reduction in nutritional quality, as well as changes in flavour and colour, which can precipitate health 
hazards and economic losses in terms of inferior product quality. 

2. Natural antioxidants 
Antioxidants are compounds or systems that delay autoxidation by inhibiting formation of free 
radicals or by interrupting propagation of the free radical by one (or more) of several mechanisms: (1) 
scavenging species that initiate peroxidation, (2) chelating metal ions such that they are unable to 
generate reactive species or decompose lipid peroxides, (3) quenching ·O2

−, so preventing formation of 
peroxides, (4) breaking the autoxidative chain reaction and/or (5) reducing localized O2 concentrations 
[3]. Chain-breaking antioxidants differ in their antioxidative effectiveness depending on their chemical 
characteristics and physical location within a food (proximity to membrane phospholipids, emulsion 
interfaces, or in the aqueous phase). The chemical potency of an antioxidant and its solubility in oil 
influence its accessibility to peroxy radicals, especially in membrane, micellar and emulsion systems 
and its amphiphilic character required for effectiveness in these systems [7]. 

Based on their mode of action, antioxidants inhibit or prevent oxidation; they are again classified 
into two groups. The first group is primary antioxidants, which react directly with lipid radicals and 
convert them into relatively stable products; these are also called chain-breaking antioxidative 
compounds. The second group is secondary antioxidants, which can reduce the rate of oxidation by 
different mechanisms of action. Most primary antioxidants act by donating a hydrogen atom (H·). 
Secondary antioxidants can act by binding metal ions (Fe2+, Fe3+ and Cu2+) able to catalyse oxidative 
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processes, by scavenging oxygen, by absorbing UV radiation, by inhibiting enzymes, or by 
decomposing hydroperoxides [8]. 

Antioxidant effectiveness is related to activation energy, rate constants, oxidation–reduction 
potential, ease with which the antioxidant is lost or destroyed (volatility and heat susceptibility) and 
antioxidant solubility. The most effective antioxidants are those that interrupt the free radical chain 
reaction. Usually containing aromatic or phenolic rings, these antioxidants donate H· to the free 
radicals formed during oxidation, so becoming a radical themselves. These radical intermediates are 
stabilised by the resonance delocalisation of the electron within the aromatic ring and formation of 
quinone structures [3]. Thus, antioxidants are compounds that are capable of donating hydrogen (H·) 
radicals for pairing with other available free radicals to prevent the propagation reaction during the 
oxidation process. 

In human bodies, the antioxidant defence system includes enzymes (e.g., superoxide dismutase, 
glutathione peroxidases and catalase), iron and copper-binding extracellular proteins (e.g., albumin, 
transferrin, lactoferrin, haptoglobin and ceruloplasmin), antioxidant vitamins (e.g., vitamin C, vitamin 
E and β-carotene) and other cellular compounds (e.g., quinones, glutathione, uric acid and bilirubin) 
[9]. 

In the food industry, antioxidants can be divided into natural and synthetic antioxidants. BHA 
(butylated hydroxyanisole), BHT (butylated hydroxytoluene), PG (propyl gallate) and TBHQ (tert-
butylhydroquinone) are examples of synthetic antioxidants. Ingredients obtained from natural sources 
which exhibit antioxidative potential in a food model system are considered as natural antioxidants. 
These antioxidants play a very important role in the food industry. However, synthetic antioxidants 
have been identified as toxicological and carcinogenic agents in some studies [10-13]. For these 
reasons, some synthetic antioxidants (BHA, BHT, PG and EDTA) are regulated by the law as direct 
food additives. Thus, the food industry now chooses natural products over synthetic ones. 
Consequently, the food market is demanding natural antioxidants, free of synthetic additives and still 
capable of diminishing oxidation processes in high-fat meat and meat products [2]. 
Natural antioxidants are produced in living cells to maintain a delicate oxidation–reduction balance in 
the process of nutrient metabolism and immune function. Upon oxidative stress, antioxidants will react 
with radical and non-radical species to initiate defence mechanisms for the protection of both 
intracellular and extracellular components. The plant kingdom is the most abundant source of natural 
antioxidants, which are abundantly present in spices (seeds), herbs and essential oils used in meat 
products for sensory purposes. Certain fruits and vegetables are also good sources of antioxidants and 
other phytochemicals. Many tree leaves, although not used for flavouring, are also good sources of 
phenolic compounds, and tea is an excellent example of this plant antioxidant family. Some minerals 
(Se, Zn) and vitamins (vitamin A – β-carotene as precursor, vitamin C – ascorbic acid and vitamin E – 
α-tocopherol) function as co-factors for antioxidant enzymes and, therefore, are also considered 
natural antioxidants. Nature has also produced a number of multi-functional short peptides that are 
capable of neutralising free radicals and chelating prooxidative metal ions. The latter has led to the 
preparation of ‘natural’ antioxidant peptides through enzymatic hydrolysis of proteins [1]. 
Antioxidant activity is widely observed in plants (herbs and spices), for example, oregano, rosemary, 
thyme, cinnamon, pepper, nutmeg, liquorice, aniseed, cassia bark, fennel, prickly ash, round 
cardamom, basil, garlic, coriander and ginger. The activity is attributed to various phenolic 
compounds, which are structurally related but differ in quantity and type, depending on the specific 
source. The major phenolic constituents in herbs and spices are phenolic acids (gallic, protochatechuic, 
caffeic and rosmarinic acids), phenolic diterpenes (carnosol and carnosic acid), flavonoids – flavones, 
flavonols, flavanols and flavanones (quercetin, catechin, apigenin, kaempferol, naringenin and 
hesperetin) and volatile oils (eugenol, carvacrol, thymol and menthol) [14]. 

The phenolics present in the natural antioxidants have strong H· donating activity [15] or have high 
radical-absorbance capacity. Some phenolics prevent the formation of free radicals and propagation of 
reactive oxygen species, whereas others scavenge free radicals and chelate prooxidants (transition 
metals)  [16]. Phenolic acids trap free radicals; flavonoids scavenge free radicals and chelate metals 
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(Fe2+, Fe3+ and Cu2+) as well. The antioxidant potential of these natural compounds (phenolics) 
depends on their skeleton structure and pattern of functional groups on this skeleton [17]. For instance, 
the number and location of free hydroxyl (–OH) groups on flavonoid skeleton decide the free radical-
scavenging potential [18]. The presence of multiple – OH groups and ortho-3,4-dihydroxy structures 
enhances the antioxidant potential of plant-based phenolics [19,20]. Polymeric structures (containing 
more –OH groups) possess more antioxidant potential [21], whereas glycosylation of functional 
groups (reduction of –OH groups) usually decreases antioxidant effectiveness. Plant-derived pigments 
(anthocyanins and their hydrolysed products, anthocyanidins) also contain –OH groups, which can 
donate H·, and thus, possess antioxidant properties. Some phenolics also contain vicinal –OH groups 
attached to aromatic ring. These phenolics donate H· as well as vicinal –OH groups that can chelate 
metals, thus preventing oxidation via more than one method. This type of natural antioxidant (for 
example, carnosol and carnosic acid) has several times the antioxidant activity as BHA and BHT 
because the latter do not have vicinal –OH groups, thus do not chelate metals and their antioxidant 
properties depend only on their H· donation mechanism [2]. The natural antioxidants ascorbic acid and 
α-tocopherol each have one aromatic ring as well. 

Antioxidant (and flavour) components of herbs and spices can be removed/concentrated as extracts, 
essential oils or resins. Extracts are soluble fractions that can be removed from plant materials by 
solubilizing the component(s) of interest in an aqueous, lipid, alcohol, solvent or supercritical CO2 
phase, then removing it. Essential oils are the volatile oils and often contain isoprenoid compounds. 
Chemically, essential oils are extremely complex mixtures containing compounds of every major 
functional group class. Essential oils are isolated by steam distillation, extraction (solvent or CO2), or 
mechanical expression from the plant material. Plants also contain resins that are nonvolatile, high 
molecular weight, amorphous solids, or semisolids that flow when subjected to heat or stress. Most 
resins are bicyclic terpenes (alpha and beta-pinene, delta-3 carene and sabinene), monocyclic terpenes 
(limonene and terpinolene) and tricyclic sesquiterpenes (longifolene, caryophyllene and delta-
cadinene). They are soluble in most organic solvents but not in water. Resins can contain small 
amounts of volatile phenolic compounds [14]. 

It should be noted that antioxidant activity of food extracts can be determined using a variety of 
tests (stable free radical scavengers: galvinoxyl, diphenyl-b-picrylhydrazyl [DPPH]; lipid oxidation: 
peroxide oxygen, conjugated dienes, rancimat [measurements of oxygen consumption of a linoleic 
acid emulsion and oxidation induction period in lard at 100°C], oxygen radical absorbance capacity 
[ORAC] values), active oxygen method, iodine value (measure of the change in number of double 
bonds that bind I), anisidine value (reaction of acetic acid p-anisidine and aldehydes to produce a 
yellow colour that absorbs at 350 nm), measurement of absorbance at 234 nm (conjugated dienes) and 
268 nm (conjugated trienes) to assess oxidation in the early stages and chromatographic methods; 
however, extraction procedures strongly influence the composition of the extracts and, therefore, also 
influence the antioxidant activity results [22-24]. In addition, the effect of the antioxidant compound in 
a food matrix can be significantly different than the activity of a purified extract [14]. 

3. Use of natural antioxidants for meat and meat products 
The demonstrated efficacy of natural antioxidants, in the form of either a pure extract, a blend of 
active components, or a powder of the original seeds, leaves, etc., to retard lipid oxidation, colour and 
flavour deterioration in meat products has stimulated a broad interest within the meat industry to 
explore non-traditional food ingredient strategies [1]. Effects of natural antioxidants on lipid oxidation, 
development of rancidity and off-flavours and colour stability have been demonstrated in numerous 
studies (table 1). However, depending on the product type and added amount, it should be noted that 
various natural antioxidants could also have negative effect on the colour and sensory properties of the 
meat products. 

Several studies have also shown the efficacy of natural antioxidants for preventing protein 
oxidation under meat processing conditions [27,78-80]. Besides antioxidant activities, natural 
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antioxidants have potential to reduce numbers of bacteria and improve shelf-life of meat products 
[26,28,43,45,49,52,57,60,70,74-76,81-83]. 
 

Table 1. Natural antioxidants used to inhibit oxidation in processed meat products. 

Antioxidant category Meat/Meat products Reference
Ascorbic acid, α-tocopherol and sesamol Irradiated ground beef rounds [25] 
Basil essential oil Cooked sausage [26] 
Black currant extract Raw pork patties [27] 
Brassica nigra, Cinnamomum cassia, 
Origanum vulgare and Syzygium aromaticum 

Raw chicken meat [28] 

Butterbur and broccoli extracts Ground beef patties [29] 
Caraway essential oil Cooked sausage [30,31] 
Caraway essential oil Dry fermented sausage [32] 
Caraway essential oil Dry fermented sausage [33] 
Cinnamon extract Chicken meatballs [34] 
Cinnamon stick, oregano, clove, pomegranate 
peel and grape seed extracts 

Raw pork [35] 

Citrus extract Cooked turkey meat [36] 
Combination of sage oregano and honey Cooked chicken meat [37] 
Du-zhong extracts (leaf, roasted cortex and 
seed) 

Raw pork patties [38] 

Echinacea angustifolia extracts Cooked chicken meat [39] 
Grape seed and green tea extract Cooked pork meatballs [40] 
Grape seed extract Ground chicken thigh meat [41] 
Grape seed extract and pine bark extract Cooked ground beef [42] 
Grape seed extract, oleoresin rosemary and 
oregano extract 

Cooked beef and pork patties [43] 

Grape seed extract, oleoresin rosemary and 
oregano extract 

Raw beef and pork patties [44] 

Grape seed extract, pine bark extract and 
oleoresin rosemary 

Cooked ground beef [45] 

Green tea or commercial grape seed extract Ground fresh goat meat [46] 
Hypericum perforatum L. extract Heated pork meat batters [47] 
Isabel and Niagara grape seed and peel 
extracts 

Raw and cooked processed chicken 
meat 

[48] 

Juniperus communis L. Cooked sausages [49] 
Mushroom extract  Beef and fish meat [50] 
Mushroom extract  Bigeye tuna [51] 
Nutmeg Cooked sausage [52] 
Oregano and sage essential oils Porcine and bovine ground meat [53] 
Oregano essential oil Dry fermented sausage [54,55] 
Oregano extract Fresh beef steaks [56] 
Peel, pulp and seed from two avocado Pork patties [57] 
Pomegranate rind powder extract, 
pomegranate juice and pomegranate seed 
powder extract 

Raw ground pork [58] 

Pomegranate seed extract Beef and chicken meatballs [59] 
Purple rice bran extract Restructured patties formulated with 

minced channel catfish belly flap meat 
[60] 

Red grape pomace extracts Pork burgers [61] 
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Rooibos forms (dried leaves, water extract and 
freeze-dried extract) 

Ostrich meat patties [62] 

Rooibos tea extract Ostrich droewors [63] 
 

Table 1. Natural antioxidants used to inhibit oxidation in processed meat products (continued). 

Antioxidant category Meat/Meat products Reference
Rosemary Mechanically deboned turkey meat [64] 
Rosemary and lemon balm Cooked pork meat patties [65] 
Rosemary and oregano extracts Irradiated beefburger [66] 
Rosemary extract Frozen and precooked-frozen pork 

sausage 
[67] 

Rosemary, carnosine and taurine, together 
with ascorbic acid 

Fresh beef patties [68] 

Rosemary, green tea, coffee and grape skin 
extracts 

Precooked pork patties [69] 

Rosemary powder, rosemary extract and α-
tocopherol and their combinations 

Turkish sucuk [70] 

Sage and garlic Chicken meat [71] 
Spice extracts (n = 13) Liposome system and cooked 

pork patties 
[72] 

Tamarillo Cooked beef meat [73] 
Thyme and balm essential oils Fresh chicken breast meat [74] 
Vegetables extracts (n = 10) Raw beef patties [75] 
Vegetable powders Patties [76] 
Winter savory essential oil Mortadella-type sausages [77] 
 

Finally, when used as antioxidants for product quality preservation, these natural compounds can 
also be regarded as nutraceutical ingredients or supplements for health promotion. Indeed, plant-
derived antioxidants provide meat processors with the flexibility to develop novel products with 
enhanced nutritional value and health benefits and an attractive overall quality profile. 

4. Conclusion 
Animal lipids are especially susceptible to oxidation because of their electron-deficient double bonds. 
The breakdown products of primary and secondary oxidation can produce off-odours, new flavours, 
loss of nutrient content and colour deterioration. Synthetic phenolic antioxidants effectively  inhibit 
oxidation. Spices and herbs, used in meat products for their flavour, often contain high concentrations 
of phenolic compounds (phenolic acids, phenolic diterpenes, flavonoids and volatile oils). The fact 
that they are natural and have antioxidative activity that is as good as or better than the synthetic 
antioxidants makes them particularly attractive for meat processors because of consumer demand for 
natural ingredients. 
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Abstract. Although milk/dairy consumption is part of many cultures and is recommended in 
most dietary guidelines around the world, its contribution to overall diet quality remains a 
matter of controversy, leading to a highly polarized debate within the scientific community, 
media and public sector. The present article, at first, describes the evolutionary roots of milk 
consumption, then reviews the milk-derived bioactive peptides as health-promoting 
components. The third part of the article, in general, presents the associations between milk 
nutrients, disease prevention, and health promotion. 

1. Milk revolution 
Humans have used animal milk as a food resource for at least 8500 years. Despite the significant effort 
of the scientific community, the clear picture of how, where, and when humans initially consumed 
milk has not been obtained. However, scientists have revealed the very interesting story of the so-
called milk revolution [1]. The main premise of this story is that milk consumption is a classic 
example of how culture has shaped the human genome, or scientifically speaking, created a gene-
culture evolution. 

As farming started to replace hunting and gathering in the Middle East around 11000 years ago, 
adoption of animal milk consumption by humans required behavioral adaptations, such as culturing 
and curdling techniques in order to remove or reduce the lactose content and thereby make dairy 
products digestible. Otherwise, milk was essentially a toxin to adults because they could not 
synthesize the lactase enzyme required for lactose degradation. Archaeological findings undoubtedly 
have proved this first step in the milk revolution. In the 1970s, archaeologist Petar Bogucki, while he 
was excavating a Stone Age site in central Poland, found a fragment of pottery dotted with tiny holes. 
He presumed that the pottery might be connected with cheese-making, but at that time, he had no idea 
how to test his hypothesis. Fortunately, the mysterious pottery was properly stored until 2011, which 
gave Melanie Roffet-Salque the chance to analyze fatty residues preserved in the clay. The analysis 
showed the signatures of abundant milk fats, which served as evidence that the early Polish farmers 
had used the pottery as sieves, trying to separate milk solids from liquid whey [2]. 

In terms of evolutionary biology, persistent milk consumption is regarded as a novel dietary 
behavior established by genetic mutation. Lactose tolerance is a classic example of selection-driven 
evolutionary change in humans from milk-drinking cultures [3]. The trait of lactase persistence (LP) in 
humans seems to be linked to a single nucleotide in which the DNA base cytosine changed to thymine 
in a genomic region not far from the lactase gene. According to Itan and his colleagues [4], this 
genetic mutation spread through Europe about 7500 years ago from the broad, fertile plains of 
Hungary. 

http://creativecommons.org/licenses/by/3.0
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Once the LP allele appeared, it offered a major selective advantage, as it opened up a valuable new 
source of nutrition. However, the effects were not confined just to a more varied diet. Interestingly, 
researchers estimated that people with the mutation were more successful in reproduction and would 
have produced up to 19% more fertile offspring in comparison to those who lacked the new allele [4]. 
So, taken altogether, gene-culture coevolution began to happen or as Thomas said figuratively, “the 
practice of dairying and LP allele feed off of each other” [4]. A novel selection pressure was created, 
favoring genes that extended lactase production into adulthood, especially in populations with long 
pastoralist traditions that independently evolved lactase persistence – in Europe India, East Africa, and 
the Arabian Peninsula. According to research results [5], the degree of selection was among the 
strongest seen to date for any gene in the human genome. However, given that dairying in the Middle 
East started thousands of years before the LP allele emerged in Europe, the ancient European herders 
had to find a way to reduce the lactose content of the milk from their animals. Therefore, in this 
region, the cultural transmission of dairying practice was followed relatively rapidly by the evolution 
of technological know-how for processing milk into cheese and yogurt. Thus, the selective advantage 
was not seen, as any adult could obtain nutritional benefits from milk by consuming dairy products. In 
these populations, adaptive cultural evolution overcame the natural selection acting in the genes. By 
the late Neolithic and early Bronze Ages, around 5000 years ago, the LP allele was established in most 
of the northern and central European human populations. 

Beja-Pereira and co-workers [6] also argued the coevolutionary hypothesis. The authors found a 
substantial geographic coincidence between cattle milk protein gene diversity, present-day lactose 
tolerance in Europeans and the distribution of the Neolithic cattle farming sites. The study results 
supported the hypothesis that selection driven by the advantages of milk consumption concurrently 
influenced the frequencies of milk protein genes in cattle and lactase gene in humans [6]. Furthermore, 
genetic data from another study confirmed archaeological evidence suggesting that the early cattle 
herders in North-Central Europe were dependent on milk [7]. The presumption that Neolithic cattle 
herds were managed for early weaning of calves is supported by analysis of intra-tooth changes in 
nitrogen isotope ratios from archaeological cattle teeth remains. 

Although LP is hailed as one of clearest examples of gene-culture coevolution in humans [8], it 
offers only indirect lines of evidence. Warinner et al. [9] reported the first direct evidence of milk 
consumption, by identifying the whey protein, β-lactoglobulin (BLG), preserved in human dental 
calculus from the Bronze Age (ca. 3000 BCE). Therefore, BLG, as a specific milk biomarker, enabled 
scientists in this field the opportunity to detect complex patterns of milk consumption. 

2. Milk-derived bioactive peptides 
Bioactive peptides are described as “food components (genuine or generated) that, in addition to their 
nutritional value, retain many biological properties and exert a physiological effect in the body” [10]. 
Mellander first reported that ingestion of casein-derived phosphorylated peptides led to enhanced 
vitamin D-independent calcification in rachitic infants [11]. Since then, a number of food-derived 
components isolated from various sources (e.g. eggs, bovine blood, collagen, gelatin, various fish 
species) [12] have been proposed as being bioactive. Nevertheless, bovine milk, especially the milk 
proteins, is currently the main source of bioactive peptides. Milk-derived bioactive peptides are 
usually kept inactive within the primary structure of milk protein, and proteolysis is required for their 
release and activation to exert a physiological response. Generation of the bioactive peptides can occur 
in the following ways: 

a) enzymatic hydrolysis in vivo during digestion by digestive enzymes like pepsin, trypsin, 
chymotrypsin etc., or gut microbial enzymes 

b) fermentation of milk with proteolytic lactic acid bacteria (LAB) during milk processing or 
ripening 

c) in vitro hydrolysis using isolated enzymes 
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Numerous beneficial health effects have been attributed to known milk peptide sequences, 
including antihypertensive, antithrombotic, anti-inflammatory, antioxidative, antimicrobial, opioid, 
mineral binding (casein phosphopeptides – CPPs), cytomodulatory, immunomodulatory and anti-
obesity properties [13-16]. In particular, the cardiovascular system is the main target of milk-derived 
bioactive peptides, and the blood pressure-reducing peptides that inhibit the angiotensin-converting 
enzyme I (ACE) are the most widely studied. Antihypertensive properties have been attributed, in 
particular, to two potent inhibitory tripeptides from bovine casein (casokinins), Val-Pro-Pro (VPP) and 
Ile-Pro-Pro (IPP), primarily isolated from sour milk fermented with Lactobacillus helveticus and 
Saccharomyces cerevisiae [17]). ACE-inhibitory peptides such as α-lactorphin and β-lactorphin are 
generated from the whey proteins α-lactalbumin and lactoglobulin, respectively [18]. The ACE-
inhibitory peptides, IPP and VPP, most likely resist digestion in vivo due to the presence of a proline 
residue at the carboxyl terminal end, which is resistant to the action of Pro-specific peptidases. 
Antihypertensive peptides influence blood pressure by preventing ACE from synthesizing the 
vasoconstrictor, angiotensin II, as well as preventing the enzymatic degradation of bradykinin, a 
vasodilator, but also through mechanisms that are independent of ACE inhibition such as vascular 
release of endogenous vasodilators (e.g. prostaglandin I2, nitric oxide, and carbon monoxide). 

Likewise, yogurt bacteria, cheese starter bacteria, commercial probiotic bacteria as well as non-
starter LAB have been demonstrated to produce potent bioactive peptides, through their proteolytic 
activity. It is noteworthy that the specific peptidase activity of LAB affects the bioactivity of the 
peptides produced [19]. Interestingly, increased ACE-inhibitory activity has been demonstrated in 
milk fermented by the mutants of L. helveticus CNRZ32 lacking both general aminopeptidase and X-
prolyl dipeptidyl aminopeptidase [20]. In that study, it was suggested that both peptidases are involved 
in the release or degradation of ACE-inhibitory peptides during the fermentation. Undoubtedly, 
identification of the links between the proteolytic pattern of LAB cultures used in dairy fermentation 
and resulting milk bioactivity is of the utmost importance. 

The physiological effect is not solely linked to the bioactive peptides released by proteolysis. The 
protein fraction naturally present in milk fat globule membrane (in particular, fatty acid binding 
protein and glycoprotein), have been demonstrated to exert anti-cancer and antimicrobial properties 
[21]. 

As we are witnessing the post-genomics era, molecular studies are needed to assess the underlying 
mechanisms by which bioactive peptides exert their physiological effects. In this context, 
nutrigenomics is a promising tool, and by its definition underscores the basic fact that food 
components can interact with the genome and consequently can influence human health. The ability to 
moderate the gene expression should be considered one of the major hallmarks of bioactive peptides. 

3. Milk and health 
The main concern about possible negative effects of milk consumption on cardiovascular health is 
related to milk’s saturated fat content (70% of total milk fat is saturated), resulting in increased blood 
lipids, especially cholesterol and low-density lipoproteins [22]. However, investigations on the link 
between dairy consumption and the risk of cardiovascular diseases (CVD) found that milk, cheese, and 
yogurt intake was inversely associated with CVD risk [23,24]. Several meta-analyses conducted on the 
relationship between milk intake and risk of CVD showed, in one study, a non-linear dose response 
relationship between milk intake and risk of stroke [25], while two studies [25,26] showed an inverse 
connection between cheese intake and stroke. However, the mechanism of the beneficial association of 
fermented dairy products and reduced CVD risk is uncertain. The reason for this uncertainty, at least 
in part, could be an effect of the food matrix reducing lipid absorption and short chain fatty acids 
produced by the bacteria in the large intestine [27]. Moreover, the beneficial effects of cheese can be 
accounted for by microbial fermentation producing short chain fatty acids such as butyrate [28]. 
Furthermore, the background, diet and lifestyle characteristics of study participants should be taken 
into account in the statistical analyses as major confounders [29]. Meta-analysis based on six 
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observational studies showed that low-fat, calcium-rich products were generally considered to 
decrease blood pressure, but there was no association of decreased blood pressure with intake of high-
fat dairy products [30]. In accordance with newer meta-analyses, Nordic Nutrition Recommendations 
have concluded that high consumption of low-fat milk products is associated with reduced risk of 
hypertension and stroke [31]. 

Epidemiological and experimental studies have demonstrated that milk and dairy products can have 
preventive roles in the pathogenesis of colorectal, bladder, gastric, and breast cancer, but have no 
connections with pancreatic, ovarian or lung cancer [32]. On the contrary, a number of other 
epidemiological studies have reported an unfavorable effect of milk on prostate cancer risk [33,34,35]. 
However, experimental results are diverse and are further complicated by several factors, mostly 
because of the numerous bioactive components of milk, which can possibly interact with other 
components, including hormones and growth factors, but which remain unproven. Last, but not least, 
milk digestion and its metabolites must also be considered in order to understand the effect of dietary 
compounds on specific cells in the human body. Taken altogether, the complex composition of dairy 
food matrices and the heterogeneity of cancer as multiple diseases make this a challenging area of 
study.  

Milk consumption is also related to lactose intolerance or allergies [36]. Although the most 
common treatment for lactose intolerance was milk elimination diets, recent studies showed that most 
individuals with lactose intolerance can tolerate up to 12 g of lactose (250 ml of milk), which would 
provide 30% of recommended daily calcium intake. In addition, yogurts prepared with Lactobacillus 
delbrueckii subsp. bulgaricus and/or Streptococcus thermophilus and hard, slow-ripened cheeses 
contain more predigested lactose and can be more easily tolerated than milk [37]. This is because 
bacterial lactase survives acidic conditions in the stomach, physically protected within bacterial cells 
and by the buffering capacity of yogurt. Furthermore, the slower gastrointestinal transit of these 
products than of milk allows the surviving bacterial lactase to be active and digest lactose [37].  

Milk is not “just a food”. The growing body of evidence demonstrates that milk is a sophisticated 
materno-neonatal species-specific signaling system, activating one of the central and key nutrient-
sensing pathways – the mammalian target of rapamycin complex 1 (mTORC1) [38]. The activation of 
the mTOR pathway promotes cell growth, cell division, lipid and nucleotide biosynthesis and gene 
expression; thus, it positively regulates anabolic processes. Branched-chain amino acids, especially 
leucine, are known as positive regulators of mTORC1 signaling. Notably, of all animal proteins, whey 
proteins contain the highest amount of leucine (14%) as compared to meat (8% leucine). As Bos 
taurus duplicates birth weight four times faster than Homo sapiens, it is understandable that bovine 
milk, in comparison to human milk, triggers a much higher magnitude of mTORC1 signaling. Recent 
evidence from molecular medicine supports the view that persistently increased mTORC1 signaling is 
regarded as the driving force of non-communicable diseases like hypertension, osteoporosis, obesity, 
type 2-diabetes, cancer and neurodegenerative disorders [39]. A deeper understanding of milk 
signaling functions are needed in order to get more insight into the overall life history consequences of 
milk in the human diet.  
 
4. Conclusion 
Given that milk and dairy products have been important components of human diets for over 8000 
years, it is conceivable that dairy farming practice could have created the selective pressure under 
which the LP allele was favored and persisted. Although the milk-derived bioactive peptides, with 
their physiological versatility, seem useful to target at diet-related chronic diseases, as yet, there has 
been limited scientific information in this field due to a lack of molecular studies. Overall, the proven 
health benefits of consuming milk and dairy products greatly outweigh the possible harmful effects. 
Long-term randomized controlled intervention studies are, however, required to give more conclusive 
answers on the health aspects of dairy products. 
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Abstract. Physiological stress is one of many concerns facing modern broiler production. In 

conditions when birds are exposed to stress, supplementation of selenium, which is a crucial 

glutathione peroxidase enzymatic cofactor, increases the antioxidant capacity of the animals 

and decreases the harmful effects of free radicals. Dietary selenium improves production 

performance and health of animals, and positively affects the immune system, the quality, 

selenium content and fatty acid composition of meat and eggs. There are several different 

forms of selenium, the most common dietary supplements being an inorganic form (sodium 

selenite) and anorganic form (selenomethionine). However, in recent years, new forms of 

selenium, such as a 2-hydroxy-4-methylselenobutanoic acid (HMSeBA) and nanoselenium, 

which have more bioavailability, bioefficacy, and low toxicity have been designed. In this 

short comparative overview discusses the effects of inorganic, organic and nanoforms of 

selenium on production results, glutathione peroxidase activity, meat quality and level of 

toxicity in poultry. 

1.  Introduction 

It is estimated that the world population in 2025 will number 8 billion inhabitants, and in 2050, up to 9 

billion inhabitants [1]. The Food and Agriculture Organisation of the United Nations predicts that 

annual meat production of 200 million tons will be required by 2050 to respond to this increase in 

human population [2]. Consequently, there is a forecast that global broiler meat production is going to 

rise by1% to a record 89.5 million tons in 2017 and that this trend will continue in the coming years 

[3]. The constant need for more foods of animal origin, especially chicken meat, has led to the 

development of much research directions to improve production results and health of animals. In 

recent years, feed formulations were manipulated using different additives (various sources, forms, 

formulations, etc.) with the aim of improving poultry growth and conversion ratios, and obtaining 

better quality and value-added products, and therefore, achieving cost-effectiveness of production [1]. 

Also, given the increasing world population, it will be increasingly necessary to use modern 

technologies such as nanotechnology and nanobiotechnology in agricultural and food sciences [4]. 

The efficiency of contemporary poultry production is based on well-balanced nutrition and highly 

productive lines of birds. This production involves a number of different stress factors to which 

broilers and hens are exposed. Particularly, in such conditions, the positive effect of selenium on the 

animals must not be neglected [5,6]. 

2.  Selenium and antioxidant properties 

http://creativecommons.org/licenses/by/3.0
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Selenium was discovered by Jacob Berzelius in 1817 and initially considered toxic to humans and 

animals [7]. The word “selenium” originates from the Greek word Selene, which means moon 

goddess. Later on, selenium was recognized as a nutritionally essential trace element that is important 

in many biological processes in mammals and birds [8]. Selenium is an integral part of a large number 

of seleno proteins (more than 30), which participate in the regulation of various functions of the body, 

including redox balance maintenance and antioxidant defenses, of which glutathione peroxidase 

(GSH-Px) was the first identified in 1973 [9].Vitamin E is considered to be the most important 

antioxidant in biological systems, but selenium-dependent GSH-Pxis considered as the second most 

important factor in antioxidant defense. Hence, dietary selenium, as GSH-Px and as thioredoxin 

reductase enzymatic cofactor, participates in two levels of antioxidant cell defense (first: 

detoxification of H2O2 resulting from SOD activity; second: detoxification of hydroperoxide) [5]. 

In poultry, a delicate antioxidant/prooxidant balance in the body is an important determinant of 

chicken health, embryonic and postnatal development, immunity, muscle function, sperm quality and 

probably productive and reproductive characteristics of poultry [8]. Poultry diets deficient in selenium 

result in poor growth and development, increased mortality, reduced egg production, decreased 

hatchability, nutritional encephalomalacia, nutritional pancreatic atrophy, exudative diathesis, and 

muscle myopathies [10].  

2.1.  Selenium in soil and plants 

Metallic selenium, selenite (Se4+), selenate (Se6+), and selenide (Se2−) are the inorganic forms of 

selenium found in soils. Plants absorb inorganic forms of selenium from soil to create organic forms, 

the seleno-aminoacids, in which selenium is bonded to different amino acids: selenomethionine, Se-

methyl-selenomethionine, selenocysteine(the 21st amino acid), and Se-methyl-selenocysteine. Among 

these, selenomethionine is the most prevalent (it comprises up to 50% of the selenium in cereal grains) 

[5]. The selenium concentration in soil varies significantly and its availability to plants depends on 

many factors [11]. In acidic soils with low levels of aeration (low oxidation reduction potential), 

selenium can form insoluble complexes with iron hydroxide, and in this form, it cannot be absorbed by 

plants, so therefore, the content of selenium in animal feed also varies. Feed rich in selenium (mainly 

selenomethionine) includes grasslands, legumes hay, silage, and grain feeds (soybeans), as well as 

feed of animal origin [5]. 

The soil in many regions of the world has low levels of selenium, and its low availability for plants 

has created a problem with selenium levels in humans [12]. It is considered that the selenium 

deficiency areas contain less than 0.5 mg/kg of selenium in the soil. In the Balkans, areas that are 

highly deficient in selenium are: Vojvodina (0.024-0.450 mg/kg), Sjenica-Pester plateau (0.046 

mg/kg), some parts of Macedonia, the Pozega Valley in Croatia (0.038 mg/kg) and Zeta (Montenegro) 

(0.280 mg/kg). In Serbia, soil, wheat, and forages are more or less poor in selenium (from 20 to 70 mg 

Se/kg) [13]. 

3. Selenium sources and dietary needs 

In poultry as well as in other animal species, selenium can be added to diets indifferent forms, on 

which depends its metabolic fate [14]. Daily selenium requirement during intensive broiler growth is 

0.15 mg/kg [15]. Regardless of selenium source, the maximum amount of supplemental selenium that 

can be added to animal diets is limited to 0.3 mg/kg of diet in the United States [16], while in the 

European Union, the maximum amount of selenium allowed in animal diets is 0.5 mg/kg of diet[17], 

and in Serbia, the minimum amount of selenium allowed in animal diets is 0.15 mg/kg of diet [18].  

Selenomethionine is highly bioavailable and currently the most suitable form of selenium for 

nutritional supplementation [19]. In addition to organic selenium compounds, some selenium-enriched 

feedstuffs have been created: selenium-enriched yeast – an organic form of selenium produced by 

Saccharomyces cerevisiae, selenium-enriched algae Scenedesmus quadricauda, selenium-enriched 

unicellular alga Chlorella and selenium chelate [20]. Beside these organic forms of selenium, a new 

form of organic selenium has been developed based on 2-hydroxy-4-methylselenobutanoic acid 
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(HMSeBA), which is a hydroxyl-analog of selenomethionine;HMSeBA has already demonstrated high 

dietary efficacy in poultry nutrition. Namely, HMSeBA, a probable precursor of selenomethionine, 

enabled more efficient selenium incorporation into proteins in egg and muscle than selenium-enriched 

yeast [21].  

In recent years, the possibility of using nanoparticles as supplements in poultry feed has developed. 

The particle size of minerals as feed additives in nanoparticle form is typically between 1-100 nm (or 

more appropriately, 0.2-100.0 nm) and this property distinguishes them with respect to their physical, 

chemical, and biological properties (great specific surface area, high surface activity, many surface 

active centers, high catalytic efficiency and strong adsorbing ability) from non-nano, larger particle 

sizes [20,22]. Nano additives can also be incorporated in micelles or capsules of protein or another 

natural food/feed ingredient [23]. Nanoparticles have been used in poultry feed to decrease numbers of 

harmful bacteria in broilers’ digestive systems (silver, gold, zinc, copper, metal oxides – Al2O3, Fe3O4, 

CeO2, ZrO2, MgO), while other nanoparticles, such as nanoselenium, can be used to improve growth 

and performance [1]. Numerous studies have shown that a new source of elemental selenium, nano 

selenium, possessed a higher efficiency than selenite, selenomethionine, and methylselenocysteine in 

upregulating selenoenzymes, higher bioavailability, and exhibited a lower toxicity [7]. 

3.1. Different forms of selenium – bioavailability and application in poultry nutrition 

The absorption mode of various selenium forms is different, leading to different digestibility and 

bioavailability. Organic selenium is absorbed in the small intestine via the transport mechanism for 

amino acids, inorganic selenium is absorbed by passive transport, while the nanoparticles have a high 

specific surface area, small particles, and form nano emulsion droplets that are well absorbed in the 

intestines [24]. 

Inorganic forms of selenium can lead to a production of selenocysteine, which is incorporated 

specifically into selenoproteins, and not to de novo synthesis of selenomethionine, whereas organic 

selenium sources can lead to the production of selenomethionine as well as selenocysteine [8,21]. The 

cell can nonspecifically incorporate selenomethionine into the structural proteins and, thus, increase 

the selenium deposit in all tissues [5,8]. 

3.1.1. Growth performances and glutathione peroxidase activity. Effects of various sources and levels 

of selenium in poultry diet on production performances have been a subject of a number of studies and 

results are not uniform, with both negative and positive responses being reported [25,26,27]. Boostani 

et al. [9] demonstrated that supplementation with selenium (0.3 mg/kg of diet), of different sources 

increased the antioxidative capacity of broiler chicken under oxidative stress, where the nanoselenium 

effect was higher than an organic or inorganic source. Other authors determined that organic selenium-

enriched yeast (0.2 mg/kg of diet), was more beneficial than inorganic selenium in increasing GSH 

and GSH-Px activityin blood and liver [28,29]. 

3.1.2. Selenium and meat quality. The supplementation of selenium, through GSH-Px activity and 

overall antioxidant defense of muscle against lipid peroxidation that causes excessive cellular damage 

and drip loss, improves the meat quality (water holding capacity, fatty acid composition, better color 

stability of heme pigments) and shelf life of poultry meat and also improves selenium retention in 

muscle [30]. In addition, differences in the antioxidant defense system between animals and muscles 

would affect calpain activity, proteolysis, and thus quality characteristics influenced by proteolysis 

such as tenderness and water holding capacity [31]. Visha et al. [32] demonstrated that nanoselenium 

supplementation (0.3-0.6 mg /kg) caused a significant reduction in breast muscle drip loss and lipid 

peroxidation as compared with the control and other selenium forms (sodium selenite and 

selenomethionine). De Medeiros et al. [27] showed that selenium also positively affects organoleptic 

properties of broiler chicken meat and that selenium-rich meat is juicier, crispy, and better looking. 

With the use of special diet enriched with selenium, foods of animal origin with higher nutritive 

value can be produced, so-called functional foods. Thus, for example, selenium-enriched eggs have 
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32.6 μg Se, which is about three times the content of selenium in standard eggs [20], while with 

supplementation of broiler diets with 0.3, 0.6 and 0.9 ppm of selenium-enriched yeast, selenium 

enriched breast and drumstick meats, containing0.29 to 0.86 mg/kg Se,were obtained, which was up to 

8 times more than in standard meat [33,34]. Haug et al. [35] reported that dietary treatment with 

rapeseed oil, linseed oil and two levels of selenium-enriched yeast (50 mg/kg and 84 mg/kg) resulted 

in increased concentration of selenium and very long chain fatty acids (eicosapentaenoic, 

docosapentaenoic and docosahexaenoic acids) in broiler thigh muscle. Also, Jlali et al. [8] showed that 

HMSeBA has greater ability to increase the selenium concentration in egg and breast muscle of laying 

hens than selenium-enriched yeast and sodium selenite given at the equivalent doses. 

3.1.3. Selenium forms and toxicity. Selenium doses lower than 3-5 mg/kg feed are usually not 

associated with toxicity, but selenium is toxic to poultry when used in high doses (when dose exceeds 

the physiological requirement by at least 10 fold), especially inorganic compounds, which are more 

toxic than organic ones. The molecular mechanisms of selenium toxicity can be explained by 

substitution of selenium for sulfur, which could result in weakened protein structure, and by reaction 

between selenite and glutathione with the production of free radicals (i.e. a prooxidant effect)[36].In 

birds with selenosis, hepatic degeneration, diffuse tubulo-nephrosis, myocardial and skeletal 

myodegeneration, damage to the bursa Fabricius and cerebellar edema can be observed [5].The most 

toxic forms of selenium are selenite and selenate, then selenocysteine, while methylated selenium 

compounds and nanoselenium show the lowest levels of toxicity [37]. Supplementing 0.3 to 0.5 mg/kg 

of nanoselenium seemed to be effective and advantageous in improving oxidation resistance, and the 

maximum supplementation of nanoselenium should not be more than 1.0 mg/kg [31]. 

4. Conclusion 

In conclusion, selenium has a very important role in poultry nutrition due to itsantioxidant effects, and 

its supplementation in animal feed is necessary especially in areas with soils that are deficient in 

selenium. Also, because of the possible toxic effects and poorer properties of inorganic forms of 

selenium (sodium selenite), there is a constant need to design new formulations of organic and 

especially nanoselenium. However, a precautionary approach should be adopted, so further research is 

needed to determine the safety of their application. In spite of this, in the future, nanotechnology will 

likely have potential to play a major role in animal nutrition. 
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Abstract. The meat industry has met new challenges since the World Health Organization 
classified processed meat in carcinogenic Group 1. In relation to this, the functional food 
concept in meat processing has gained importance, especially in reducing carcinogenic N-
nitroso compounds and polycyclic aromatic hydrocarbons (PAHs) as an additional imperative, 
apart from the usual fat and salt reduction and product enrichment with functional ingredients. 
PAH reduction relies on control of the smoking process, but there is also a possibility they 
could be degraded by means of probiotic microorganisms or spices. The reduction of N-nitroso 
compounds could be provided by lowering the amount of added nitrite/nitrate, using substitutes 
for these chemicals, and/or by preventing conditions for the creation of N-nitroso compounds. 
Nevertheless, fat and salt reductions still remain topical, and rely mostly on the use of 
functional ingredients as their substitutes.  

1.  Introduction 
The functional food concept in meat industry recently met new challenges, especially since the 
International Agency for Research on Cancer of the World Health Organization classified processed 
meat as a Group 1 carcinogen for humans in 2015 [1]. This was mainly because of the presence of N-
nitroso compounds and polycyclic aromatic hydrocarbons (PAHs) in meat products [1]. As the design 
of functional meat products includes two main strategies, the addition of functional ingredients and the 
reduction of potentially harmful components [2], the importance of the latter strategy has especially 
grown. Previously, research mainly concerned fat or salt reduction [3], but nowadays, special attention 
is also paid to nitrite [4] and PAH reduction [5] in meat products. Nevertheless, addition of functional 
ingredients remains the basis for designing healthier meat products [2]. Bearing in mind the 
aforementioned, the aim of the paper is to discuss recent studies on perspectives for producing 
functional meat products. 

2.  Polycyclic aromatic hydrocarbon reduction 
The most frequently mentioned source of PAHs in meat products is smoking, but the importance of 
heat treatment should also be taken into account [6]. Although there are about 660 compounds 
belonging to the PAH group, only 16 are of priority according to European Union regulations, with 
special attention paid to benzo[a]pyrene (BaP) as a marker. The content of PAHs in meat products 
depends on the type of product. In Europe, the content of BaP in smoked meat products is mostly 

http://creativecommons.org/licenses/by/3.0
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below 0.5 μg/kg, and in Germany, it ranged from 0.01 μg/kg in cooked ham up to 0.4 μg/kg in 
frankfurter-type sausages [7]. In Serbia, it ranged from 0.54 μg/kg in Čajna sausage (a local, dry 
fermented sausage) up to 2.94 μg/kg in dried beef [8]. 

The strategies for PAH reduction in meat products are often based on lowering the PAH content in 
smoke itself, by controlling the pyrolysis temperature (temperature should be lower than 400oC), 
smoke density (light smoke contains 3.01-4.31 μg PAH/kg; intensive smoke 4.88-7.42 μg PAH /kg), 
providing suitable distance or a hurdle between the furnace and the products, smoking duration, as 
well as cooking method and intensity [6,9]. There is also a significant influence of the casing type on 
the BaP content in frankfurters (0.08 μg/kg in peeled cellulose casing, compared to 0.81 μg/kg in 
sheep intestine casing) as well as the fat content in sausages (0.28 μg/kg in low fat sausage compared 
to 1.37 μg/kg in high fat sausage) [10]. Also, PAH reductions in meat products could be achieved 
through treatment of fermented sausage surface with some lactic acid bacteria strains (Lactobacillus 
sakei KTU05-6, Pediococcus acidilactici KTU05-7 or Pediococcus pentosaceus KTU05-9), which 
resulted in a significant reduction of the concentration of PAHs such as benzo[a]pyrene and chrysene 
[5]. Also, some spices such as onion (30g/100g) and garlic (15g/100g) provided PAH reductions of 
45% and 60% in meat, respectively [6].  

3.  Reduction of N-nitroso compounds 
N-nitroso compounds in meat products develop through reactions between nitrite and amines derived 
from decarboxylation of amino acids from meat, which occurs during meat ripening and heat 
treatment. Nitrite and indirectly nitrate, which is a source of nitrite after being reduced by 
microorganisms, are used as preservatives in meat products and play antimicrobial and antioxidative 
roles, as well as take part in color and aroma formation in cured meat products [11]. Although the use 
of nitrite/nitrate is characteristic of industrial production, they can also occur in some traditional 
sausages that are produced without the addition of these preservatives, but originate from spices like 
pepper and garlic [12]. N-nitrosamines (NA) are mostly formed during heat treatment of cured meat 
products, especially baking and frying. For example, frankfurters which are pasteurized contain 0.64 
μg/kg total NA, cooked (boiled) sausages contain 1.86 μg/kg, and canned pork 5.09 μg/kg, but in 
grilled and fried meats, the NA content is up to 18.87 and 32.46 μg/kg, respectively. It is important to 
mention that fried cured lean pork contains only 5.43 μg/kg, but fried pork fat contains 19.31μg/kg NA 
[13], which is the result of high content of the amino acids, proline and hydroxyproline, precursors for 
N-nitrosopyrrolidine formation, in collagen rich fatty tissue [14]. Some products which are not heat-
treated also contain NA, such as fermented sausages (salami 3.92 μg/kg) and dry cured ham (7.33 
μg/kg) [13]. Such findings are explained by the long ripening period for these products, during which 
precursors for NA, such as amines derived from free amino acids, are generated [11].  

Strategies for reducing N-nitroso compounds in functional meat products include exclusion or at 
least reduction of the amount of added nitrite/nitrate, as well as prevention of conditions for NA 
creation. Prevention strategies are alteration of product composition (fatty tissue reduction), 
appropriate heat treatment and suitable ripening conditions. Total exclusion of nitrite/nitrate is not 
easy because of their importance for the safety, as well as sensory properties (especially color) of the 
products [11], so for this, an adequate substitute for nitrite/nitrate is needed. Nitrite-free products lack 
the desired color of meat products, and this is especially expressed in heat-treated products as a result 
of metmyoglobin (grey-brown color) formation. Promising results were obtained in nitrite-free cooked 
sausages produced with 1% acid whey and autoclaved mustard seed, where the antioxidant activity of 
these ingredients stabilized the porphyrin ring of heme in myoglobin, providing an acceptable color of 
the product [15]. Nitroso-compounds from the mustard seed also took part in color formation [15]. 
Low-nitrite cooked sausages with acceptable sensory properties were produced with 1% red grape 
pomace in combination with 30 mg/kg nitrite, where the grape pomace played antioxidative role, as 
well as took part in browning of existing tannins (Maillard reaction) during heat treatment [16]. 
Fermented sausages are produced more easily without added nitrite/nitrate, having in mind that 
traditional production uses only table salt, and the stable red color is mainly a result of the reduction 
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and stabilization of deoxymyoglobin [12]. It is known that the microbiota in fermented sausages plays 
a role in the process of reduction.  Lactobacillus fermentum inoculated (108 CFU/g) into nitrite-free 
fermented sausage provided a similar red color to products produced with 60 mg/kg nitrite [17]. 
Interestingly, some lactic acid bacteria strains (Lactobacillus sakei KTU05-6, Pediococcus acidilactici 
KTU05-7 and Pediococcus pentosaceus KTU05-9) are capable of reducing amine formation during 
ripening; since amines are precursors for N-nitrosamine, this produced low N-nitroso products [5]. 
Essential oils with antioxidative and antimicrobial activity could play a promising role as nitrite 
substitutes. Nutmeg essential oil, when added at 20 mg/kg, extended the shelf life of cooked sausages 
[18]. 

4.  Fat reduction and fatty acid profile improvement 
Fat reduction in meat products is widely investigated, since animal fat is recognized as a source of 
undesirable saturated fatty acids responsible for cardiovascular diseases. Fat reduction has two 
directions, the first being to use non-fat, energy-low substitutes, and the second being to use 
polyunsaturated fatty acid (PUFA)-rich marine or plant oils to improve the fatty acid profile of the 
products [19].  

The prebiotic, inulin, is the most appropriate non-fat substitute to date, because it has neutral 
aroma, white color, and when dissolved in water forms a stable gel similar to fat. Inulin gel (inulin-
water ratio 1:1) was frozen and ground in a bowl chopper providing particles that imitated the fatty 
tissue in fermented sausages, and could replace 1/3 of the fatty tissue without negative influence on 
sensory properties [20,21,23]. In cooked sausages, inulin can be added in powder form up to 5% [22] 
or as a gel (inulin-water ratio 1:3) up to 8% [21]; inulin gel is more easily incorporated in sausage 
stuffing than powder because the gel contains more easily dispersed, dissolved inulin. Apart from 
inulin, carrageenans and gums have potential as fat replacers because of their good gelling properties 
[24] 

. However, carrageenans [25] and some gums [26] had harmful effects on experimental animals, so 
there is reason for concern about their influence on consumer health.  

For fatty acid profile improvement, plant oils are most commonly used. Initially, tropical plant oils, 
which have hard consistency at room temperature and are easy to use, were adopted, but the negative 
side was their high content of saturated fatty acids. The use of hydrogenated plant fats is also not 
appropriate because of the presence of harmful trans fatty acids [27]. Instead of hydrogenated oils, a 
study about the use of interesterified palm oil as a substitute for beef fat, and which improved the fatty 
acid profile in beef fermented sausages [28] indicates that the use of interesterified oils could be a 
better choice. Liquid plant oils rich in omega-3 fatty acids (α linoleic acid – ALA) can be added to 
fermented sausages only through adequate emulsions (pre-emulsified) with proteins [29] or inulin 
[30], and good results were obtained with linseed, flaxseed, corn, canola, cottonseed, soybean and 
olive oil, where the oil content ranged mostly between 3-6% along with 25-35% fatty tissue in the 
sausage stuffing. As for fish oil, which is the main dietary source of eicosapentaenoic (EPA) and 
docosahexaenoic (DHA) fatty acids, the greatest problem is the fishy odor, which can be overcome by 
the use of either deodorized or encapsulated fish oil. In cooked sausages, the same oils were used in a 
liquid as well as in pre-emulsified form, mostly in amounts of 5-10 % along with 10-20% fatty tissue 
in the sausage stuffing [29]. The main problem in oil-enriched sausages is their proneness to lipid 
oxidation [24], but there are a variety of natural antioxidants which could help to overcome this. For 
example, spices and herbs contain antioxidative phenolic acid and terpenoids, fruits and leaves contain 
flavonoids and soluble vitamins, nuts and seeds contain tocopherols and tocotrienols, essential oils 
contain polyphenols, terpenoids, bioactive peptides and protein hydrolysates with antioxidative 
properties like carnosine and Tyr-Phe-Glu or Tyr-Ser-Thr-Ala [31]. 

5.  Salt reduction 
Meat products, especially dried meats and dry fermented sausages, are recognized as high salt foods. 
Meat products have salt (NaCl) concentrations ranging from 1.6-2.4% in cooked sausages, 3.5-5.0% in 
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fermented sausages to and 4-7% (in some cases even more) in dried meat [32]. The main health issue 
concerning NaCl is the sodium content, a high intake of which could be responsible for hypertension 
and other cardiovascular problems in consumers [33]. Meat processing techniques include the regular 
use of NaCl, on the one hand in order to provide adequate sensory and technological properties 
(aroma, texture, water holding capacity, protein solubility, stuffing stability), and on the other hand to 
provide safety of the products by lowering the water activity. Thus, just simply reducing the NaCl 
content in meat products has limits (up to 5-10% reductions can be possible), while further reduction 
would lead to unacceptable product properties [34]. Because of that, other salts that do not contain 
sodium should be used. The main limitation of such salts is that they cannot replace table salt 
completely but only a certain percentage of it. For example, potassium chloride or potassium lactate 
can replace no more than 40%, and glycine no more than 30% of the NaCl; these amounts do not 
cause changes in sensory properties of the products. Furthermore, salt mixtures containing 
combinations of potassium, calcium or magnesium chloride or lactate could replace about 30-53% of 
the NaCl [35,36,37]. Concerning the antimicrobial effect of salt replacers, potassium and calcium 
chloride as well as lactates produced similar effects to NaCl, which confirmed that these substances 
could not only provide similar sensory properties, but also microbial safety similar to that of 
conventional meat products [35]. Furthermore, the type of salt substitute influences the oxidative 
changes in fermented sausages, so products with KCl as a partial NaCl substitute underwent less 
oxidative change, but on the contrary, sausages containing CaCl2 showed more intensive oxidative 
change then control sausages [38]. Fermented sausages containing CaCl2 and lactates had lower pHs 
than conventional sausages, which was explained by the contribution of divalent calcium ions to the 
pH decrease, but the pH of sausages was not influenced by KCl [36].  

6.  Functional ingredients  
Functional foods contain functional ingredients, which are added to provide health benefits to 
consumers. Those ingredients are widely investigated and include probiotic bacteria, prebiotics, 
dietary fiber, synbiotics, antioxidative substances, polyunsaturated (omega-3) fatty acids, plant sterols, 
bioactive peptides, minerals and vitamins. As for meat products, it is important that addition of 
functional ingredients does not alter the properties of the product, and that the new ingredients are 
present in such quantities to provide beneficial effect on consumers [19]. Many functional ingredients 
could substitute for unwanted compounds in meat products; e.g. prebiotics, dietary fiber or plant oil 
emulsions act as fatty tissue substitutes [20,21,22,23,29,30]. Similarly, partial NaCl replacement with 
KCl, MgCl2  or CaCl2 leads to richment of the products enriched with K, Mg or Ca respectively 
[35,36,37]. The use of probiotic bacteria is possible only in non-heated products such as fermented 
sausages, which gives this type of meat product great potential to be produced as functional food 
[17,19,36]. Additionally, some probiotic lactic acid bacteria, as already mentioned, can reduce amine 
formation in fermented sausages, which indirectly could slow down the creation of harmful N-
nitrosamine; these bacteria can also decompose PAHs [5]. The use of functional ingredients carries a 
legal obligation that these be properly listed on product labels in order not to mislead consumers [39]. 

7.  Conclusions 
Functional foods as a concept have gained importance in the meat industry, especially since the World 
Health Organization classified processed meat in carcinogenic Group 1. This engendered special 
efforts to reduce amounts of carcinogenic polycyclic aromatic hydrocarbons (PAHs) and N-nitroso 
compounds in meat products. PAH reduction relies on closer control of the smoking process, but there 
is also a possibility they could be degraded in meat products by means of probiotic bacteria and/or 
spices. The reduction of N-nitroso compounds could be provided for by the lowering the amount of 
added nitrite/nitrate, using adequate substitutes, and preventing conditions for creation of NA. To this 
end, the product composition (fatty tissue reduction), appropriate heat treatment as well as ripening 
conditions should be addressed. Nevertheless, fat and salt reductions still remain topical, and rely on 
the use of functional ingredients as their substitutes. 
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Abstract. Stress is an inevitable consequence of handling of animals for slaughter. Stress 
conditions during transport, lairage and at slaughter induce undesirable effects on the end 
quality of meat such as pale, soft, exudative meat and dark firm dry meat. Hence, it is very 
important to define appropriate parameters for objective assessment of level of stress. Attempts 
to define measures of stress have been difficult and no physiological parameter has been 
successfully used to evaluate stress situations. One physiological change in swine associated 
with animal handling stress and with pork quality is an increase in blood lactate concentration. 
Plasma cortisol was thought to be an appropriate indicator of stress, but the concentration was 
not consistently changed by different stressors. Therefore, finding alternative parameters 
reacting to stressors, such as acute phase proteins, would be of great value for the objective 
evaluation of level of stress and meat quality. As the stress during pre-slaughter handling is 
unavoidable, the final goal is to improve transport and slaughter conditions for the animal and, 
as a consequence, meat quality and animal welfare. 

1. Introduction 
The handling of animals for slaughter consists of a series of procedures that are unusual for them and, 
therefore, stressful. Stress conditions during transport, lairage and at slaughter negatively influence 
meat quality. Bleeding interrupts blood circulation and oxygen supply to the muscle. Under these 
anaerobic conditions, the breakdown of glycogen/glucose results in an accumulation of lactic acid and 
induces the progressive acidification of the muscle, denaturation of muscle protein and the conversion 
of the muscle into meat [1]. If stressful conditions occur immediately prior to slaughter, the presence 
of high lactic acid concentration reduces muscle pH within the first hour after slaughter, while carcass 
temperature is still high. The combination of low pH and high temperature in the meat causes the 
denaturation of some muscle proteins leading to reduction in their water holding capacity and to 
changes of the colour [2]. Meat becomes pale, soft, and exudative (PSE) [3]. On the other hand, when 
animals are exposed to chronic or long term stress before slaughter, glycogen is depleted and less 
lactic acid will be formed post-mortem. At high pH value, relatively few proteins are denatured, so the 
water is firmly bound, and little or no exudates are formed [1] leading to the occurrence of dry, firm 
and dark meat (DFD). 

The objective of this study was to evaluate the effect of stress induced with pre-slaughter handling 
on pork quality as well as to evaluate parameters for assessing stress level. 
 
2. Assessment of meat quality defects 
To identify meat quality defects, different parameters are used: pH, temperature, drip loss, colour and 
electrical conductivity. There are no unique standards for assessment of PSE or DFD meat. PSE meat 
is commonly defined as having a pH at 45 min after slaughter (pH45) lower than 6 [4]. If the drip loss 
is greater than 5%, that meat can be classified as PSE [5,6,7]. The pH at 24 h (pH24) alone can be 
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used to assess DFD meat. A pH24 greater than 6.0 is related to DFD meat [1]. pH24 greater than 6.2 is 
related to a serious DFD problem [8]. One of the most important components in physical appearance is 
colour, which the consumer uses as an indicator for the quality and freshness of the meat [9]. An 
optimal range of visual colour, measured subjectively according to a reference colour scale, for meat 
would be around 3-4, but values lower than 3 or higher than 4 would be considered PSE and DFD 
meat, respectively [4]. For assessing PSE, some authors have proposed a combination of parameters 
[5,7]. 
 
3. Pre-slaughter handling  
Meat quality is influenced by multiple interacting factors which include breed, genotype, feeding, pre-
slaughter handling, stunning, and slaughter method, chilling and storage conditions. Pre-slaughter 
handling consists of handling the animals both on the farm and during the transport, at lairage, and 
finally on their way to be stunned and slaughtered. These handling practices can all induce stress 
either psychologically or physically and are known to be responsible for the development of aberrant 
pork quality. 
 
3.1. Transport 
The impact of transport on animal welfare must be seen as a multiple challenge, for which a 
combination of stress factors is responsible for the welfare of animals. Stress caused by transport can 
result in pig fatigue, injury, poor meat quality and ultimately death [10]. The factors during transport 
that may compromise pig welfare are loading and unloading, journey duration and ambient 
temperature, placement on the transporter, stocking density, vibrations, floor type and bedding, mixing 
animals from different groups and food and water deprivation [11]. The interaction of these factors, 
plus the time spent in lairage and handling of pigs, makes it difficult to assess the impact of transport 
on pork quality. The relationship between journey length and transport stress does not appear to be 
linear [10,12]. However, short transport (<2 h) can cause acute stress when the level of glycogen is 
still high, and therefore the occurrence of PSE meat, while longer transport (>2 h) can exhaust 
glycogen depots in the muscles, causing the occurrence of DFD meat [10].  
 
3.2. Lairage 
Besides creating a reservoir of animals aimed at maintaining the constant speed of the slaughter line, 
the function of lairage is to allow the animals to recover from the stress of transport and unloading 
[13]. When pigs are subjected to highly stressful lairage conditions, lairage can have an additive effect 
to transport stress, and pigs can still be stressed at slaughter and produce poor pork quality [14]. 
Inadequate treatment of slaughter pigs in this stage, mixing unfamiliar pigs, pen size, stocking density 
and floor type and lairage temperatures and humidities can result in additional stress leading to skin 
damage and poor meat quality. Therefore, proper resting time is very important to relieve stress and 
improve meat quality. The effects of different lairage times on both animal welfare and meat quality 
are not well defined. Shorter lairage is associated with more PSE meat, because of insufficient time to 
relieve stress. Longer lairage can increase the amount of DFD meat and reduce carcass yield [15]. 
 
3.3. Race to the stunning chamber and stunning methods 
Pre-stunning handling facilities are of primary importance, given the need to handle pigs faster, so as 
to follow the speed of the slaughter-line. The combination of higher speeds of slaughter lines, poorly 
designed animal handling systems and the size of the group in the depot affect the welfare of animals 
and the pork quality, as it increases the use of electric prods, which does not always lead to speeding 
up pigs coming to the stunner. Indeed, the use of electric prods increases mounting behaviour between 
pigs in the group, resulting in more fatigued pigs and a higher proportion of bruised carcasses and PSE 
meat [13]. 

In order to reduce pain and promote the welfare of animals during slaughter, a series of stunning 
methods have been designed and described, including electric stunning and stunning with carbon 
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dioxide (CO2). Electric stunning requires the animal to be restrained, which is a potential stressor. 
Additionally, increased physical stress just prior to electric stunning and tonic and clonic convulsions 
accelerate post-mortem glycolysis, leading to the occurrence of PSE meat. During CO2 stunning, the 
pigs are moved into the stunning chamber in groups using their natural group behaviour [11]. The 
development of these systems reduced the stress before slaughter and, consequently, the appearance of 
PSE and DFD meat.  
 
4. Assessment pre-slaughter handling 
During pre-slaughter handling of pigs, they react to different stressors which can be classified as 
physical or psychological [16]. The psychological state of animals can only be indirectly assessed, by 
monitoring behaviour and by measuring physiological parameters, such as level of cortisol and 
catecholamines from plasma (adrenalin and noradrenalin), given that stressful situations increase the 
concentration of these hormones [17]. Behavioural measurements usually represent adaptive responses 
to the environment (exploration, flight, immobilization, aggression, etc.) [18]. Behavioural, 
physiological and metabolic responses to aversive situations, besides the type, duration and intensity 
of the individual pre-slaughter stressor, depend on genetic background and prior experience of the 
animals [18]. Therefore, the assessment of the situation and the resulting stress is subjective, that is, 
dependent on the individual [18]. Differences in the sensory quality of pork can be, at least partly, 
explained by differences in an animal’s reaction to stress as well as in the effect of these reactions on 
muscle glycolysis [19,20]. 
 
4.1. Physiological parameters of stress 
 
4.1.1. Cortisol. Numerous experimental results indicate an increased level of cortisol in pigs caused by 
stress on day of slaughter, stress just before slaughter and physical activity [20,21,22]. Secretion of 
cortisol is highly variable and different factors must be taken into account, such as the time elapsed 
from stress to sampling, variation of concentration due to diurnal secretion, genetics and effects of 
chronic stress [23]. In addition, the concentrations of cortisol do not correspond to the stress intensity, 
so only the exposure of the pigs to the new environment is sufficient to increase its concentration to 
the maximum level [20]. Although several studies have investigated the association between cortisol 
concentration and meat quality, this is still a topic of debate. Some studies indicate that concentration 
of cortisol had no effect on the pork quality [22], while others suggest that increased concentrations of 
cortisol lead to the decrease in pork quality [20]. Moreover, measurement of cortisol levels is not very 
informative for the detection of chronic stress situations, and in this regard, may not be a good 
indicator of meat quality and sensory quality in pigs [20]. 
 
4.1.2. Lactate. Level of lactate can be a good indicator of physical and psychological stress in pigs. 
Blood lactate concentration was used for assessing pre-slaughter handling [21], stunning pigs with 
different concentrations of CO2 [24], transport [25] and time spent in lairage and different plants [26]. 
Exsanguination blood lactate changes with physical activity, frequency of the use of electric prods and 
vocalization [27]. Increase in blood lactate concentration, which is associated with pre-slaughter 
stress, has been shown to have a negative effect on pork quality.	 Stress was associated with high 
concentrations of exsanguination blood lactate and lower meat quality such as decreased water holding 
capacity, lighter colour [14] and lower pH45 value [28]. 
 
4.1.3. Acute phase proteins. Finding alternative stress biomarkers is of great importance for the 
objective assessment animal welfare and optimization of production systems. Acute phase proteins 
(APP) are plasma proteins considered to be markers of inflammation, primarily synthesized as part of 
the acute phase response (APR) [29]. They also have been proposed as indicators for farm animal 
stress monitoring [30,31]. Stress caused to the animals during transport, the new accommodation and 
the pre-slaughter handling affects the change in concentration of PAF [32]. Some APPs react to a 
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lesser extent than others to the same stimulus and can also react differently to different types of stimuli 
[33]. Therefore, the use of more than one APP is proposed in assessment of stress levels. Given that 
moderate PAF increases its concentration only two to three times during the response, the major PAFs, 
which increase their concentration ten to one hundred times, are more interesting for assessing the 
health and welfare of pigs. In swine, among others, major APP are pig-MAP (Major Acute-phase 
Protein), C-reactive protein (CRP), haptoglobin (Hp) and serum amyloid A (SAA) [29,34]. Hp is the 
most widely studied PAF in pigs, mainly due to the availability of methods for determining its 
concentration. Increased levels of pig-MAP and Hp are linked with stress situations such as transport 
[35], crowding, mixing unfamiliar pigs [36, 37], or an inadequate handling of feed [34]. Pig-MAP was 
the most sensitive protein in the detection of the stress caused by changes in the feeding pattern [34], 
in distinguishing healthy from diseased states [33] and was the only APP which showed 
concentrations changed in pigs housed at different stocking densities [38]. Pig-MAP has advantages 
over other PAFs, such as Hp, due to a lower degree of variation its basal concentration, which 
facilitates the establishment of limits for distinguishing normal from pathological states and stress 
situations [32]. The concentration of SAA increases within four hours and the maximum is reached 
within 24 to 48 hours after a triggering event [33]. Therefore, this PAF can be used to evaluate novel 
situations or to evaluate pigs’ reaction to environmental change, if the appropriate period between the 
stressful situation and the sampling is adopted [39]. Elevated levels of saliva SAA are a good marker 
of short transport stress (physiological-psychological stress) and social isolation (psychological stress) 
in pigs [39]. SAA is more susceptible to acute rather than chronic inflammation [33], which raises 
issues related to the sensitivity of this APP to high stress situations involving the use of electric prods 
and consequently, the appearance of skin damage. 
 
5. Conclusions 
Pre-slaughter stress has negative effects on pork quality. Minimizing this stress is important, not only 
for animal welfare, but also for improving pork quality. Stress reactivity is an individual characteristic 
and each pig is characterized by an individual specific range of values, within which the stress 
parameters can vary. There is no consistent association between the stress parameters and meat quality 
measurements. The relationship between cortisol levels and stress, as well as between cortisol levels 
and meat quality parameters is not linear. Therefore, it is important to determine the appropriate 
parameters for assessing the level of stress. Lactate concentrations showed good correlation both with 
pre-slaughter stress and meat quality. Studies suggest that the APP assay may have great potential for 
the assessment of level of stress and welfare. However, it is necessary first to establish reference 
ranges for the concentration of these proteins in the normal state, taking into account factors such as 
sex, age, herd and farm conditions. 
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Abstract. Mastitis is the most common and the most expensive disease of dairy cows. It is 
followed by a large number of direct and indirect costs that burden the farm's budget and lead 
to major economic and health losses. The veterinarian at the farm plays a key role in 
implementing a protocol of biosecurity measures, a protocol of control, therapy, and the 
suppression of clinical and subclinical mastitis. In order to successfully implement these 
measures, a good communication between a veterinarian and a farm staff who performs 
milking procedures is necessary in order to detect and treat all cases of mastitis in time. 
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1. Introduction
It is well known that mammary gland diseases can be controlled by preventing the emergence of new 
infections and by eliminating existing sources of infection through a "five-point plan": 

‐ The udder disinfection  before and after milking, 
‐ All-encompassing dry off with antibiotics, 
‐ Adequate treatment of clinical mastitis, 
‐ Exclusion of cows with chronical disease, 
‐ Correct milking equipment. 

This approach proved to be very effective in the control of contagious mastitis [1]. 
Programs with the aim at improving the quality of milk are focused on the prevention of mastitis 
caused by agents from the environment of the animal, reduced use of antibiotics, etc. Veterinarian as a 
part of the chain of control of the health of herd, implements and controls the implementation of 
procedures for detection and identification of animals suspected on subclinical and clinical forms of 
mastitis in the herd. [2] Successful control of mastitis depends on the speed of detection, accurate 
diagnosis, selection of the best option for the treatment and introduction of preventive measures in 
order to reduce the exposure of cows to a specific pathogen [3]. An important role in the early 
detection of disorders of secretion of the mammary gland has the staff involved in the milking as they 
carry out on-the-spot checks on a dark media. Also, in monitoring the health of the udder, an important 
role has the good keeping of records of each cow in lactation. 

At the beginning of the introduction of the system of records and identification of cows on the 
farm, the veterinarian must be sure that he can answer the following questions: 
What is the incidence of clinical mastitis? How clearly are the symptoms of inflammation? Which is 
the most common cause of clinical and subclinical mastitis on a given farm? What are the most 
common protocols for treating these conditions? How many days is milk discarded due to ab 
treatment? How many percent of cows in lactation have less than 4 active mammary complexes? 
Which percentage of cows with problems of the mammary disease are excluded from production or 
died during one year? [4]  

http://creativecommons.org/licenses/by/3.0
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1.1 Monitoring of subclinical mastitis 
It is known that for control any subclinical disease it isimportant to have a clear understanding of 
prevalence and a mechanism to monitor incidence. Prevalence of mastitis depends on incidence, 
development of new subclinical cases, and duration. In some herds, the prevalence of mastitis can be 
small due to the existence of a chronic infection by infectious pathogens, while in other prevalence 
mastitis are high due to the existence of certain environmental factors that lead to the occurrence of 
acute mastitis. Very important moment in monitoring subclinical mastitis is to ensure that SCC values 
are routinely obtained from all cows on a regular basis. So that a cow with SCC values>200 000 
cells/ml are considering to have subclinical mastitis [4]. 

Expiriences say that for assessments of subclinical mastitis, the veterinarians should start with the 
following questions: What is the prevalence of subclinical mastitis based on SCC? What is the 
incidence of subclinical mastitis based on SCC? What are the most common bacteria recovered from 
cows with SCC values >200 000 cells/ml? How many subclinical cases persist more than 2 months? 
Prevalence of subclinical mastitis by days in milk and parity? How many cows have subclinical 
mastitis at the first test and the last test? [4]  

It is very important to monitor the SCC monthly at the herd level and the cow level. At the herd 
level, monthly monitoring of SCC could be very useful diagnostic tool for determining cows with 
subclinical mastitis. High prevalence of subclinical mastitis has the herd that has problems with 
enviromental mastitis pathogens, and veterinarian should investigate housing conditions, udder 
hygiene and management of dry and periparturient cows. In the cases where contagiuos mastitis is a 
problem, prevalence increase as lactation progresses  and as cow age because of more opportunities 
for exposure to infected milk. If we suspect on contagious mastitis, we should investigate the 
transmission of mastitis pathogens during milking. The existence of a large number of cows with 
chronically increased SCC, indicates that cows are infected with host adapted pathogens transmitted in 
a contagious manner. At the cow level, it is helful to look at the list of individual cows sorted by SCC 
to identify cows that require individual therapy. Also, it is helful to use of a rapid cowside quarter 
level SCC test [5].  
 
2. The treatment of mastitis 
The success of the treatment of mastitis depends on a number of factors, such as accurate diagnosis, 
proper antibiotic selection [6], early onset therapy, udder physiology and pathology, supportive 
therapies and elimination of predisposing factors [7], as well as factors of pathogenicity of the 
microorganism itself. 

The goal of antibiotic therapy is to destroy pathogenic microorganisms without damaging tissue of 
the mammary gland. Therapy of subclinical mastitis is not indicated except in cases where the 
causative agents of mastitis Staphylococcus aureus or Streptococcus agalactie. Therapy is then 
administered immediately after the diagnosis is made and should not wait the dry moment. The 
general principle of subacute mastitis therapy involves intramammary application of the preparation 
four times during 12 hours for fast-absorbed medicines or three times during 24 h for drugs that are 
slowly absorbed. Treatment should be continued at least 24 hours after clinical symptoms stop [9]. In 
peracute and acute mastitis, intramammary therapy is administered 3-5 days, twice a day, and 
depending on the severity of the clinical symptoms of the disease, antibiotics can be administered and 
parenterally with compulsory supportive therapy [9]. 

Four large groups of factors can lead to the failure of the treatment of mastitis: 
‐ Management and iatrogenic factors 
‐ Factors related to the microorganisms themselves 
‐ Factors related to the application of the drug and damaging the mammary gland 
‐ Factors related to the choice and method of application of the drug 
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Many management failures as well as iatrogenic factors can cause failure in therapy. The literature 
states the following factors: incorrect diagnosis [incorrectly take samples for microbiological analysis, 
some microorganisms require special conditions for cultivation and cannot be isolated in standard 
cultivation], delayed start of therapy, inadequate supportive therapy, duration of treatment, inadequate 
dose of the drug, improper use of the drug, introduction of new intramammary infections of the over-
ester injectors, super infections, reinfection, as well as completely clinical but not microbiological cure 
[7,11,12]. 

A large number of different drug-related factors can lead to failure of therapy [7, 8, 12], such as: 
inadequate drug choice, short drug half-life, inadequate concentration of the drug locally in the 
mammary tissue, adverse effects of the drug, low level of pharmacokinetic utilization, poor drug 
resorption through blood-milk barrier, high degree of binding of milk and serum proteins and 
combination of mzcocide and mycostatic antimicrobial agents [7]. 
 
3. Preventing the emergence of antibiotic residues in milk 
Wrong and inadequate antibiotic therapy in the treatment of mastitis entails a large number of 
potential risks. Antibiotic residues adversely affect fermentation processes that are unavoidable in the 
production of cheese and yogurt. Residue of antibiotics can cause allergy in susceptible individuals, as 
well as the occurrence of resistance in some pathogenic microorganisms. The main causes of the 
persistence of antibiotic residues in milk are the administration of not recommended drugs whose 
pharmacokinetics is not completely established, excess dose administration, lack of compliance with 
the milk discard period in the case of treated animals, identification errors of treated animals, and 
confusion of milk after milking treated animals [13,14]. Also, the big problem on smaller farms is the 
self-inducing and inefficient application of the injector by irresponsible farmers. Special attention 
should be paid to veterinarians to monitor the antibiotic withdrawal period due to other therapeutic 
indications. Such cows must be separately labeled and separated from each healthy mature cow. Milk 
treated cows must be destroyed in a special way, and in any case, such calves are fed calves or used 
for other purposes.  

In July 2017, Codex Alimentarius Commission prescribed new legislation “Maximum residue 
limits [MRLs] and risk management recommendations [RMRs] for residues of veterinary drugs in 
foods” [15]. But in Serbia, according to legislation on the quality of raw milk, the minimum allowed 
concentrations of residues in milk are not clearly defined [16]. 
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Abstract. The aim of our research was to examine the influence of packaging in modified 
atmosphere and vacuum on the total volatile basic nitrogen (TVB-N) content in muscle of 
rainbow trout (Oncorhynchus mykiss) and common carp (Cyprinus carpio), as well as to 
determine the most suitable gas mixtures for packing of these freshwater species. Three sample 
groups of trout and carp cuts were investigated. The two groups were packaged in modified 
atmosphere with different gas ratios: 90%CO2+10%N2 (MAP 1) and 60%CO2+40%N2 (MAP 
2), whereas the third group of fish cuts were vacuum packaged. During trials, the trout and carp 
cuts were stored in refrigerator at 3°C±0.5°C. Determination of TVB-N was performed on 1, 4, 
7, 9, 12 and 14 days of storage. The obtained results indicate that the investigated mixtures of 
gases and vacuum had a significant influence on the values of TVB-N in trout and carp cuts. 
The lowest increase in TVB-N was established in trout and carp cuts packaged in MAP 1, 
whereas the highest increase was established in vacuum packaged cuts. Based on the obtained 
results, it can be concluded that the gas mixture consisting of 90% CO2 and 10% N2 was the 
most suitable for packaging of fresh trout and carp cuts in terms of TVB-N value. 

1.  Introduction 
Fish are highly perishable and prone to vast variations in quality due to differences in species, 
environmental habitats, feeding habits and action of autolysis enzymes as well as hydrolytic enzymes 
of microorganisms on the fish muscle. Deterioration of fish mainly occurs as a result of bacteriological 
activity, leading to loss of quality and subsequent spoilage [1]. 

The shelf life of fresh chilled fish can be extended by vacuum packaging or modified atmosphere 
packaging (MAP). The most frequently used packaging gases include oxygen (O2), carbon dioxide 
(CO2), nitrogen (N2) and their combinations in different ratios. Gas mixtures with higher levels of CO2 
and N2 as inert gases have attracted the most attention from researchers. The most frequently used CO2 
concentrations in fish packaging fall between 40 and 60%. CO2 acts as an antimicrobial agent. It 
inhibits the growth of spoilage organisms, particularly Shewanella putrefaciens, Pseudomonas, Vibrio 
and Aeromonas spp. that produce H2S [2]. The bacteriostatic effect of CO2 depends on its 
concentration and storage temperature, and the mechanisms of action are based on changing the 
permeability of the bacterial membrane, inhibition of bacterial enzymes, alteration in the physico-
chemical properties of the protein, and changes in the intra-cell pH. N2 is used for displacing O2 from 
packaging, decreasing oxidative rancidness and inhibiting the growth of aerobic microorganisms [3]. 
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The combined total amount of ammonia (NH3), dimethylamine (DMA) and trimethylamine (TMA) in 
fish is called the Total Volatile Base Nitrogen (TVB-N); its content in the fish meat is commonly used 
as parameter for spoilage estimation, and as index for freshness of fish. It is produced during 
degradation of protein and non-protein nitrogen components, caused mainly by metabolic activity of 
fish spoilage bacteria and endogenous enzymes action [4]. NH3 is formed by the bacterial 
degradation/deamination of proteins, peptides and amino-acids. It is also produced in the autolytic 
breakdown of adenosine monophosphate. The presence of DMA and TMA in spoiling fish is due to 
the bacterial reduction of TMA oxide (TMAO) which is naturally present in the living tissue of all 
marine and many freshwater fish species [5]. In anaerobic conditions, spoilage bacteria are able to 
utilize TMAO as the terminal electron acceptor which results in off-odours and -flavours due to 
formation of TMA. TMA and TVB-N are considered responsible for unpleasant ‘fishy’ odour of 
spoiled fish [6]. 

The aim of this research was to examine the influence modified atmosphere and vacuum packaging 
on changes in TVB-N values of rainbow trout (Oncorhynchus mykiss) meat and carp (Cyprinus 
carpio) meat and to determine the most suitable gas mixtures for the packaging of these two 
freshwater fish species. 

2.  Materials and Methods 

2.1. Sample collection 
Rainbow trout (Oncorhynchus mykiss) used in the study were all farmed in the same conditions and 
came from a trout pool located on the slopes of Zlatibor Mountain. Marketable carp (Cyprinus carpio) 
originated from a fish farm pond located in the lowland region of Serbia, where semi-intensive 
farming was used. In this study, two-year-old carp of average body weight of 2.5 kg were used. Three 
sample groups of cleaned trout and carp cuts were formed. Group 1 cuts were vacuum packaged and 
were used as the control. The other two sample groups were packaged in modified atmospheres with 
different gas ratios: MAP 1: 90% CO2+10% N2 and MAP 2: 60% CO2+40% N2. The machine used for 
packaging was Variovac (Variovac Primus, Zarrentin, Germany), and the material used for packaging 
was foil OPA/EVOH/PE (oriented polyamide/ethylene vinyl alcohol/polyethylene, Dynopack, 
Polimoon, Kristiansand, Norway) with low gas permeability (degree of permeability for O2 - 3.2 
cm3/m2/day at 23°C, for N2 - 1 cm3/m2/day at 23°C, for CO2 - 14 cm3/m2/day at 23°C and for steam 15 
g/m2/day at 38°C). The ratio of gas:fish cuts in the packages was 2:1. All fish cuts were stored in the 
same conditions at 3°C±0.5°C and on 1, 4, 7, 9, 12 and 14 days of storage, chemical testing was 
performed. 

2.2. Chemical analysis 
The total volatile basic nitrogen (TVB-N) was determined by using the official steam distillation 
method according to Commission Regulation (EC) 2074/2005 and was expressed as mg TVB-N/100 
g. 

2.3. Statistical analysis 
The mean values and standard deviations were calculated by using column statistics with the 
processing of six values for each analysed group. Significant differences between groups were 
calculated by using one-way ANOVA analysis by Tukey’s comparative test in the program Microsoft 
Office Excel (2010). Differences were considered as significant when p value was < 0.05. 

3.  Results and Discussion 
At the beginning of the study, concentrations of TVB-N in carp steaks as well as in trout cuts were 
practically identical (P > 0.05). During the storage period, TVB-N value increases were observed in all 
experimental groups. As shown in figures 1 and 2, TVB-N values were strongly affected by the 
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packaging atmosphere used. Increases in TVB-N values of carp and trout cuts in the different 
packaging atmospheres followed the order: MAP 1 < MAP 2 < vacuum. 
 

Figure 1. TVB-N value of common carp steaks packaged under different conditions during the storage 
period. 

 
 

Figure 2. TVB-N value of trout cuts packaged under different conditions during the storage period. 
 

TVB-N levels in fish packaged under MAP 1 changed to lesser extent comparing to those levels in 
fish packaged under MAP 2 and vacuum. It is interesting to note that up to 7 days of storage, there 
were no statistically significant differences (p ˃ 0.05) in TVBN values between fish packaged in MAP 
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1 and MAP 2. This may be attributed to the fact that when the total bacteria count of fish flesh is still 
relatively low, a gas mixture of 60% CO2 + 40% N2 is adequate to inhibit the microbial activity, as 
exhibited by low TVBN values. When microbial populations increase, a higher concentration of CO2 
is required to inhibit the microbial activity and the subsequent spoilage. 

According to Masniyom et al. [7], a high CO2 concentration potentially inhibited the growth of 
mainly Gram negative microorganisms and decreased the deamination capacity of bacteria, resulting 
in lower production of volatile compounds. The same observations were reported by Milijašević et al. 
[8] and Babić et al. [9] for carp and trout stored under MAP, which support the results of the present 
study. 

The TVB-N limit from 25 to 35 mg N/100g has been recommended by some researchers as an 
indicator for rejecting commercial fresh whole fish and processed fish products [4]. However, no limit 
for acceptability of TVB-N in common carp and rainbow trout has been established by the 
Commission Regulation (EC) 2074/2005. Examining the effect of several different gas mixtures on the 
shelf life of rainbow trout fillets, Gimenez et al. [10] found that MAP is very effective in preventing 
the production of TVB-N. These authors recommended a value of 25 mg N/100g as the highest 
acceptability level of TVB-N for rainbow trout [10]. In our research, this limit was exceeded in control 
fish cuts on day 9, while TVB-N values in MAP 1 and MAP remained below this recommended limit. 
In their research, Ježek and Buhtova [11] recommend 20 mg N/100g in carp meat as the highest 
acceptable limit for TVB-N. In our current study, this limit was exceeded in control fish cuts (day 7), 
MAP2 fish cuts (day 9), as well as in MAP1 fish cuts (day 14). 

4. Conclusion 
Based on the obtained results, it can be concluded that the gas mixture consisting of 90% CO2 and 
10% N2 was the most suitable for packaging of fresh trout and carp cuts in terms of TVB-N value. 
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Abstract. The process of chemical biotechnological processing of collagen-containing raw 
materials into functional components of feeds for effective pig rearing was studied. Protein 
components of feeds were obtained as a result of hydrolysis in the presence of lactic acid of the 
animal collagen from secondary raw materials, which comprised subcutaneous collagen 
(cuticle), skin and veined mass with tendons from cattle. For comparison, a method is 
described for preparing protein components of feeds by cultivating Lactobacillus plantarum. 
Analysis of the kinetic data of the conversion of a high-molecular collagen protein to an 
aminolyte polypeptide mixture showed the advantage of microbiological synthesis in obtaining 
a protein for feeds. Feed formulations have been developed to include the components 
obtained, and which result in high quality pork suitable for the production of quality meat 
products. 

1.  Introduction 
Feeds of animal origin play an important role in providing essential amino acids for maintaining high 
animal productivity and improving meat quality. A decisive role in the development of the forage 
reserve is assigned to the creation of new feed additives. Increases in meat production require 
additional volumes of mixed fodder for fattening animals. However, the need for mixed fodders for 
animal feed is reduced by increasing their nutritional value [1-4]. 

At present, much attention has been paid to the rational use of low-value products from slaughter 
and processing of livestock to produce protein hydrolysates, which are used to produce feed and 
microbiological media [5-7]. 

The most promising raw materials for obtaining protein hydrolysates for fodder are collagen-
containing wastes that are the most difficult to process into nutrients: beef, including veins, pork skin 
and collagenous tendons [8]. The yield of such collagen-containing wastes from the slaughter of 1000 
head of cattle or pigs of different fatness is, on average, 2-10% by weight for each batch of animals 
[9]. 

Rational uses for most meat production wastes have not yet found been found, which, beside 
material losses, leads to environmental pollution. Therefore, studies aimed at solving the production of 

http://creativecommons.org/licenses/by/3.0
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high quality feed protein from animal processing waste are quite a current, but complex, problem [10-
12]. 

In connection with the foregoing, our research task was to develop ways to process collagen waste 
that would preserve the biological value of protein products and ensure high digestibility when fed to 
animals, in order to obtain high-quality meat. 

2.  Material and Methods 
Collagen products were used: beef hypodermic collagen, bovine mass of cattle tendons, and skin of 
pigs. 

Theoretical and experimental studies were carried out using conventional, standard and novel 
methods of biochemical, physico-chemical and structural-mechanical analysis [13-15]. 

Determination of the total nitrogen of the protein was performed with the Kjeltec 8200, Foss 
(Denmark) analyzer. 

Determination of amine nitrogen was carried out by spectrophotometric method using 2,4,6-
trinitrobenzenesulfonic acid (TNBS). The degree of hydrolysis was determined as the ratio of amine 
nitrogen to total nitrogen. 

The mass fraction of amino acids was determined on the amino acid analyzer Biotronic 6001 
(Germany), using distribution chromatography after acid hydrolysis of proteins. 

Free amino acids were determined in products after treatment by adding 10% trichloroacetic acid to 
precipitate the proteins, neutralizing to pH 2.0, filtering through a Millipore membrane filter with a 
nominal pore diameter of 0.22 μm, followed by dilution of the filtrate in sample dissolution buffer pH 
2.2. Quantitative estimation of the content of individual amino acids was carried out by comparing the 
areas of peaks on the aminogram calculated using the Winpeak integrating system of Eppendorf-
Biotronic (Germany) for the areas of peaks obtained by analyzing a standard mixture of amino acids 
containing 2.5 μmol of each amino acid in 1 mL of standard solution. 

Kinetic measurements during acid hydrolysis were carried out as follows. All substrates were, 
before hydrolysis, subjected to drying and grinding on a disintegrator. Portions of crushed substrates 
weighing 1 g were placed in glass ampoules, 4 ml of an acid solution of the required concentration 
were introduced, purged with argon for 3 minutes, sealed and placed in a thermostat for hydrolysis. 
Hydrolysis was carried out with solutions of lactic acid at concentrations of 10, 20, 30, 40% for 0.5 - 8 
hours at 95-105°C, and then measuring the concentration of nitrogen of the amino end groups of 
amino acids and lower peptides by formal titration and the content of free amino acids in hydrolysates 
at the end of the process. The optimum concentration of acid was that at which the maximum degree 
of hydrolysis of the protein was observed in 6 hours of the process in combination with the minimum 
possible destruction of labile amino acids [14]. 

The obtained hydrolysates were used in liquid form with content (%): protein - 18.4; fat - 5.5; ash - 
1.6; carbohydrates - 4.5; moisture - 70, amine nitrogen - 365 mg%. In dry form, obtained after spray 
drying, they were (%): protein - 55.2; fat - 16.5; ash - 4.4; carbohydrates - 13.5; moisture - 10, amine 
nitrogen - 1033 mg%. 

Lactobacillus plantarum ATCC 8014 was used to produce the microbial protein. L. plantarum was 
cultivated in nutrient medium containing (g/L): peptone or lactic acid hydrolyzate of animal collagen - 
20, yeast extract - 14, K2HPO4 - 6, KH2PO4 - 3, NaCl - 5, MgSO4 - 5, initial pH 6.8. The inoculum was 
grown in Erlenmeyer flasks with a capacity of 0.75 L containing 0.2 L of this medium into which 10 
g/L of a sterile glucose solution was added. 

A seed culture was produced in flasks at 200 rpm on a shaker at 37°C for 16 h until the optical 
density exceeded the optical density of uninoculated medium by 6-8 times at 546 nm. The seed culture 
was used to seed the nutrient medium at amounts of 20% of the volume of 10 L of the Ankum 2M 
fermenter so that the filling factor was 0.65. Temperature 37°C, sterile air flow 3 L/min.L, stirring 
speed 200-350 rpm, pH 6.5-6.8 was maintained by adding 25% ammonia solution and 10% sterile 
glucose solution. The grown cells were separated by centrifuging at 3000 g and drying with a spray 
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dryer at a low temperature. A protein preparation with a moisture content of 10% and a protein content 
of 55-65% was obtained. 
 
3. Results and Discussion 
As raw materials, high-collagen products from beef and pork carcasses were used. These included the 
mass of split beef carcass meat with tendons, as well as pork skin. In these high-collagen raw 
materials, there are no amino acids such as cysteine and tryptophan, and histidine, methionine and 
tyrosine occur in very small quantities. 

The amino acid composition of the raw material showed that, depending on the type and amount of 
tendons, the total protein content of an inferior amino acid composition is 15-45%. Moreover, the 
protein content increased with increasing the specific content of the cartilaginous tissue of the tendons, 
ligaments and other high-collagen tissues. The increased protein content is a plus from the point of 
view of the potential protein reserve, but this protein cannot be used directly without biochemical 
processing in feed compositions because of known factors – the stiffness of the cartilaginous tissue 
and the negative effect on the taste characteristics of the feed. 

Since the feedstock can contain 20 to 90% of protein in dry matter, one of the possible (affordable, 
inexpensive, economical) methods of processing it is hydrolysis with food acid, which allows the 
hydrolysable collagen proteins to be cleaved with a high degree of conversion [13-15]. 

Previous studies have shown that the use of proteinases with collagenase activity (crab, microbial 
or animal origin) allows partial transformation of the raw material to produce protein peptide, amino 
acid mixtures that have high biological value. The yield of this processing is on average, depending on 
the type of raw materials, 5-45%; however, a significant fraction of the raw material in the presence of 
enzymes is not completely processed [14, 16-18]. 

The collagenous raw material used in the current study contained 3-25% lipids. It is known that in 
the collagenous tissue of mature animals, the total content of carbohydrates is 0.7-1.3% depending on 
the location, and in cartilaginous tissues, carbohydrate content can exceed 3% of the mass of the raw 
material. Moreover, if we consider the fleshy tissues, then the typical composition of carbohydrates is: 
lactic acid 0.9%, glucose-6-phosphate 0.15%, glycogen 0.1%, glucose 0.05% [2, 14]. 

In the cartilaginous tissue, the main carbohydrate component is chondroitin sulfates A, B, C, plus 
hyaluronic acid, and combinations of these compounds in protein complexes. This material can be so 
strong that in biochemical analysis, part of carbohydrates can collapse with an underestimation of the 
observed results [15]. 

Thus, for the production of fodder-functional hydrolysates, an animal feed containing 15-45% 
protein, 3-25% fat, 1-3% carbohydrate, and the rest (up to 70%) water was used. 

It is known that acid hydrolysis leads to the destruction of some amino acids, so it was of interest to 
evaluate the kinetics of the release process of individual amino acids during hydrolysis for subsequent 
use as feed. The greatest total yield of free amino acids from a protein derived from veined mass with 
tendons was observed upon exposure to 20% CH3CH (OH) COOH. Therefore, kinetic studies were 
carried out using lactic acid of this concentration. The kinetic dependences of the accumulation of 
most amino acids during hydrolysis at 95, 100, and 105 °C had the form characteristic of pseudo-first 
order reactions. 

The macroconstantity of the reaction rate keff (sec-1) was found graphically from the equation ln(P∞ 
- P) = lnP∞ - kefft as the tangent of the slope of the line in the coordinates {ln[P / (P - P)] , t}, 
calculated by the method of least squares, where P is the concentration of the reaction product at time 
t, g/L; Р is the concentration of the reaction product after completion of the reaction, g/L. 

For the kinetic curve of the first-order reaction, the initial period of which was not fixed, the 
macroconstant reaction rate can be found graphically from the following expressions [14]: ln ln[P – 
P) = ln P – kt, where P is the concentration of the reaction product at time t, Р is the concentration 
of the reaction product after completion of the reaction. This expression shows that in the case of a 
first-order reaction, the absolute value of the effective rate constant does not depend on the units in 
which the concentrations of reaction products are expressed. Therefore, any physical quantities 
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proportional to the concentrations can be used to calculate the effective rate constant. Such a value in 
this case is the nitrogen content of amino groups of amino acids and lower peptides, determined by 
titration. For Р, nitrogen of amino groups was taken, measured after 24 hours hydrolysis with 20% 
lactic acid. 

The effective reaction rate constants were found graphically from the tangent of the slope of the 
line in the coordinates {ln[P / (P - P)] , t} by the least squares method. The activation energy of the 
process was found from the Arrhenius equation. The values of the total reaction rate constants at 95-
105°C were in the interval 1.2-1.8 x 10-4 sec-1, and the activation energy of the process was 24.0 
kJ/mol. 

The study showed that, in the process of hydrolysis of the studied types of raw materials, the 
accumulation of aspartic and glutamic acids, glycine, alanine, tyrosine and phenylalanine occurred 
most rapidly. In all cases, destruction of histidine, serine and methionine was noted, and the degree of 
destruction of the latter was greatest. The kinetic curves of accumulation of cystine as a result of 
hydrolysis did not have a maximum. Probably, the rate of accumulation of cystine was higher than the 
rate of its destruction due to the high content of this amino acid. 

Consideration of the kinetics of accumulation and destruction of amino acids during acid 
hydrolysis made it possible to determine the conditions for achieving the highest degree of protein 
conversion while preserving labile amino acids: temperature 100°C, time 6 h, lactic acid concentration 
20%. 

The resulting acid hydrolyzate contained insufficient amounts of methionine and cystine, but, 
however, it had a satisfactory amino acid composition that could be introduced into the feed 
composition and used to balance its amino acid composition. The resulting acid hydrolysates 
contained relatively large amounts of aspartic and glutamic acids, while glycine, proline, and alanine 
were present in sufficient quantities. 

According to the literature, it is known that such amino acids (individually and in various 
combinations), such as glycine, proline, alanine, etc., are known to have the greatest attractant activity. 
When added to the feed mixture for pigs, for example, feed intake tripled. These facts indicate the 
important role of these amino acids in the process of intensive growth of agricultural animals [1, 14]. 

In the feed industry, collagen additives can be used to produce granulated and extruded feeds in 
order to increase their biological value and the strength of the pellets. The hydrolyzate of protein raw 
material after pasteurization and drying can be used both as a highly digestible protein supplement for 
piglets and as a protein base of a nutrient medium for cultivation of probiotic bacteria [16-19]. 

At present, Russia is paying great attention to the use of new, non-traditional types of raw materials 
in the composition of feed additives and mixed fodders, the use of which would improve the 
physiological and ecological status, productivity, preservation and reproduction of livestock and result 
in high-quality and environmentally safe food. 

To develop the technology of ecologically clean, biologically active, new generation feed additives, 
the following components were selected as initial components: secondary waste from the meat 
processing industry (collagen hydrolyzate) and waste from oil extraction plants (corn cake). The 
selected ingredients of vegetable and animal origin are valuable food products, due to their high 
protein content and the favorable combination of proteins and fats, okys calcium and phosphorus, 
corresponding to the balance for these feed components. To increase the biological and nutritional 
value, the feed additive was subjected to hydrobarrothermal treatment. 

As the technology of meat processing improves, the amount of waste will decrease, and the yield of 
food products from raw materials will increase. Therefore, there is no real reason to expect an increase 
in the rate of production of animal feed. However, contradictions between the needs of the intensive 
livestock sector and the production of high-grade protein will be exacerbated in the future. An 
alternative to animal feed may be a protein of microbiological origin. 

The main producers of microbiological protein are yeast, bacteria, low and higher fungi and 
unicellular algae [19]. Cattle require five years to double their protein mass, pigs - 4 months, chickens 
- 1 month, but for bacteria and yeast, 1-6 hours are sufficient. At the same time, microorganisms differ 
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from animals, as they have high (from 40 to 55% dry weight) protein content, balanced by amino acid 
composition, and they also contain carbohydrates, lipids, vitamins, macro- and microelements [18]. 
Bacteria grow much faster than yeast cells, building up biomass and, in addition, bacterial proteins 
contain more cysteine and methionine, which allows them to be classified as proteins with high 
biological value. 

As a result of the studies, the nutrient medium and the conditions for culturing lactic acid probiotic 
bacteria were selected, the amount and age of the seed culture, the temperature regime and the 
duration of cultivation of the crop, the drying parameters of the additive were determined. 

A fodder protein supplement of microbial origin obtained from processing animal proteins and 
used as a source of nitrogen for the cultivation of lactic acid probiotic bacteria contained about 55% 
protein and 16% fat, and lactic acid bacteria numbers reached 8.0×109 cfu/g. 

Animals in the experimental group should receive a similar compound feed (control), but with the 
inclusion of 4.5% of the novel feed additive developed by us instead of fishmeal. According to 
preliminary calculations, the use of the developed additive of microbial origin will increase the 
productivity of animals by 8-10% and reduce the per unit feed costs by 6-8%. 
 
4. Conclusion 
Kinetic data on the process of transforming animal collagen into a nutrient component for feeds or 
microbiological media that is of acceptable nutritional value was analyzed. The study showed that the 
biotechnological method of growing a microbial protein, in terms of the rate of production of protein 
product, greatly exceeded the traditional method of growing farm animals followed by the subsequent 
processing of secondary raw materials into a protein product. The research conducted proved it 
possible to obtain a high-protein feed supplement with probiotic properties for efficient pig growth. 
Carcasses obtained from the grown piglets fed on this supplement, resulted in pork of the highest 
quality, eminently suitable for the production of meat products 
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Abstract. Enteral nutrition is widely used in hospitals as a means of nutritional support and 
therapy for different diseases. Enteral nutrition must fulfil the energy needs of the body, be 
balanced by the nutrient composition and meet patient’s nutritional needs. Meat is a source of 
full-value animal protein, vitamins and minerals. On the basis of this research, recipes and 
technology for a meat-based enteral nutrition product were developed. The product is a ready-
to-eat sterilised mixture in the form of a liquid homogeneous mass, which is of full value in 
terms of composition and enriched with vitamins and minerals, consists of particles with a size 
of not more than 0.3 mm and has the modified fat composition and rheological characteristics 
that are necessary for passage through enteral feeding tubes. The study presents experimental 
data on the content of the main macro- and micro-nutrients in the developed product. The new 
product is characterised by a balanced fatty acid composition, which plays an important role in 
correction of lipid metabolism disorders and protein-energy deficiency, and it is capable of 
satisfying patients’ daily requirements for vitamins and the main macro- and microelements 
when consuming 1500-2000 ml. Meat-based enteral nutrition can be used in diets as a standard 
mixture for effective correction of the energy and anabolic requirements of the body and 
support of the nutritional status of patients, including those with operated stomach syndrome. 

1.  Introduction 
Enteral nutrition is a kind of nutritional therapy whereby nutrients are introduced perorally or through 
a gastric tube. The use of this nutrition is most topical for surgical and gastroenterological patients and 
for any disease when the nutrient requirements of patients cannot be satisfied naturally. With that, the 
nutrition provided must fully meet the body’s energy needs, have balanced nutrient composition and 
fulfil patients’ nutritional needs [1]. Adequate protein consumption is necessary to maintain the 
nitrogen balance during illness. Provision of the optimal qualitative composition of protein (a ratio of 
essential and non-essential amino acids) in diets is achieved by including both plant and animal 
proteins, which increases their total biological value. Meat is a source of full-value animal protein, 
which contains all essential amino acids, some fat- and water-soluble vitamins and easily digestible 
haeme iron. In addition, inclusion of meat-containing products into a diet allows the extension and 
diversification of curative nutrition, when much attention is paid to food palatability in the design of 
diets, especially for patients with appetite disorders and loss of taste sensations with development of 
psychogenic anorexia. 
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2.  Materials and Methods 
An experimental meat-based enteral nutrition product enriched with vitamins and minerals and with a 
modified fatty acid profile was studied. 

The organoleptic and physico-chemical indicators were determined by standard methods, fatty acid 
composition by gas chromatography, microbiological indicators by conventional methods, vitamins by 
high performance liquid chromatography, folic acid by competitive enzyme immunoassay using the 
test system RIDASCREEN®FAST Folsäure (Folic Acid) and minerals by the atomic absorption 
method. The component particle size was measured on histological preparations of the material using 
an image analysis system or ocular micrometre. Amino acid scores were calculated as the ratio of 
amount of amino acids in 1 g of the studied protein to amount of corresponding amino acids in 1 g of 
ideal protein, expressed in percentages; with that, the FAO/WHO amino acid scale was taken as a 
reference. 

3.  Results and Discussion 
Researchers at the FGBNU The V.M. Gorbatov All Russia Meat Research Institute have developed 
recipes and technology for meat-based enteral nutrition products, which are intended for people in the 
post-operative period, and for conditions associated with appetite loss, mandibulofacial, craniocerebral 
and burn injuries, as well as chewing or swallowing impairment. The technology is adapted to the 
conventional conditions of the plants that produce meat-based child nutrition products. The developed 
product is a ready-to-eat, sterile mixture in the form of a liquid homogeneous mass, which is of full 
value in terms of composition, consists of particles not more than 0.3 mm in size and has a pleasant, 
slightly sweet taste and light brown colour. To stabilise the homogenous multicomponent mass and to 
prevent separation of the liquid phase during storage, we used a complex stabilising additive, which 
consisted of a mixture of hydrocolloids in an amount that ensured the rheological characteristics 
necessary for passing through enteral feeding tubes [2]. The total composition of nutrients was based 
on the recommendations for healthy adults. The nutrient content in a portion (240 g) of the enteral 
nutrition product and the percentage of the daily requirement of macro- and micro-nutrients are given 
in tables 1 and 2. 

 
Table 1. The nutrient content in a portion (240 g) of the enteral nutrition product and 

the percentage of the daily requirement. 

Indicator 
 

Content in a portion % of daily 
requirement 

Energy value, kcal 254.0 10 
Protein mass fraction, g 9.6±0.1 12 
Fat mass fraction, g 9.6±0.2 10 
Carbohydrate mass fraction, g 33.6±0.2 10 

 
Specialised enteral nutrition products must contain the full complex of vitamins and minerals, to 

avoid their deficiency when this artificial support is used over a long period of time. The mineral and 
vitamin contents of the developed product meet patients’ daily requirements for vitamins and the main 
macro- and microelements when consuming 1500-2000 ml of product. The composition of the 
vitamin-mineral premix added to the product was adjusted to take into account results of preliminary 
studies. These showed losses of individual components in the course of the technological process and 
during product storage, so the adjusted amount provided a guaranteed level of those vitamins and 
minerals in the finished product. 

Adequate protein intake is necessary to maintain nitrogen balance during illness. Assurance of the 
optimal qualitative composition of protein (a ratio of essential and non-essential amino acids) in a diet 
is achieved by including both animal and plant proteins, which increases their total biological value. 
The protein component in the studied product was a mixture of animal protein (beef with a mass 
fraction of fatty and connective tissues of not more than 6%) and plant protein (soya), in a ratio that 
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ensured the product’s high biological value; the minimal utility coefficient score was 0.99 unit 
fractions. This compares well with the utility coefficient that characterises the balance of essential 
amino acids relative to the physiologically necessary norm (FAO/WHO), which is 0.83 unit fractions. 

 

Table 2. The content of selected vitamins and minerals in a portion (240 g) of the product and the 
percentage of daily requirement. 

Mass fraction of vitamins % of 
average 

daily 
requirement

Mass fraction of minerals % of average 
daily 

requirement

В1, mg 0.36±0.02 24 Sodium (Na) , mg 240.0±36.0 19 
В2, mg 0.38±0.03 24 Potassium (K) , mg 420.0±21.0 12 
РР, mg 4.3±0.06 24 Calcium (Ca) , mg 192.0±28.8 19 
В5 , mg 1.2±0.02 21 Phosphorous (P) , mg 172.8±34.4 21 
В6, mg 0.4±0.01 21 Magnesium (Mg) , mg  55.2±11.0 14 
В12, µg 0.48±0.01 48 Iron (Fe) , mg 3.8±0.57 26 
Вс, mg 0.099 ±0.016 31 Copper (Cu), µg  360.0±72.0 36 
Н, µg  9.6± 0.9 19 Zinc (Zn) , mg 2.9±0.43 19 
С, mg  24.0±4.0 38 Iodine (I), mg  0.030±0.004 21 
А, µg  196.8±6.18 24 Manganese (Mn), mg 0.48±0.07 24 
D3, µg 1.68±0.07 31 Selenium (Se), µg 13.68±2.74 19 
Е, mg 3.12±0.07 31 Chloride (Cl), mg 300.0±60.0 13 

 

The fatty acid ratio plays an important role in correction of lipid metabolism disorders and protein-
energy deficiency. Among the anti-alimentary factors of meat products is quite a high fat content with 
a prevalence of saturated fatty acids and cholesterol, which can lead to increasing blood lipid levels. 
Modification of the fat composition of specialised products via enrichment with monounsaturated and 
polyunsaturated fatty acids plays an important role in correcting lipid metabolism disorders. The fat 
component in the studied product is a combination of fat from the meat raw material, which contains 
mainly saturated fatty acids, and a mixture of rapeseed and soya oils, which provides a high level of 
monounsaturated and polyunsaturated fatty acids. Monounsaturated acids decrease the amount of 
harmful low density lipoproteins without injuring the protective high density lipoproteins. The oil ratio 
was selected in such a way as to fulfil the patient’s need for essential ω6 and ω3 polyunsaturated fatty 
acids in a ratio not higher than 5:1. Table 3 presents the fatty acid composition of the meat-based 
enteral nutrition product. The fat component of this product contains relatively low levels of saturated 
fatty acids, has significantly higher content of monounsaturated fatty acids and a low ratio of omega-6 
to omega-3 fatty acids (up to 4:1). 
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Table 3. Fatty acid composition of the enteral nutrition product. 

Fatty acid  Fatty acid content, % 

Lauric 12:0 0.03 

Myristic 14:0 0.53 

Isopentadecanoic 15:0i 0.04 

Anteisopentadecanoic 15:0ai 0.04 

Pentadecanoic 15:0 0.11 

Palmitic acid 16:0 9.34 

Margaric 17:0 0.25 

Stearic 18:0 4.69 

Arachidic 20:0 0.75 

Behenic 22:0 0.34 

Total saturated fatty acids 16.12 

  

Myristoleic 14:1 0.17 

Pentadecenic 15:1 0.05 

Hexadecenic 16:1 0.08 

Palmitoleic acid 16:1 9-cis 1.11 

Erucic acid 22:1 0.12 

Heptadecenic 17:1 0.28 

Oleic 18:1 49.36 

Elaidic 18:1 0.25 

Gondoinic 20:1 0.88 

Vaccenic 18:1 11-trans 2.26 

Octadecenoic 18:1 11-cis 0.01 

Iso-octadecenoic 18:1i 0.14 

Total monounsaturated fatty acids 54.71 

  

Linoleic 18 :2  23.47 

α-Linolenic acid 18: 3 ω-3 5.54 

Iso-Linoleic 18:2i 0.16 

Total polyunsaturated fatty acids 29.17 

 

To manufacture the product, meat raw material (beef) was obtained from healthy animals raised 
without the use of growth promoters, hormones, feed antibiotics or other kinds of unconventional feed 
materials. This ensured the specified safety requirements of finished product were met. Table 4 
presents the indicators that characterise finished product safety.  

The product met the requirements of commercial sterility for canned foods of group A in terms of 
the sanitary and microbiological indicators. 

The clinical efficiency and product tolerability were assessed in the clinic at FGBUN’s FRC of 
Nutrition and Biotechnology in patients with operated stomach syndrome [3]. The use of our meat-
based enteral nutrition product in the diet of patients with operated stomach syndrome did not cause 
the occurrence of any adverse effects and was not accompanied by an increase in the intensity of 
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existing complaints. Importantly, consumption of this product was characterised by decreases in the 
manifestation of heaviness in the epigastrium and decreased nausea, plus improvement of stool 
consistency in this population of patients. Moreover, it also facilitated an increase in all body 
composition indicators, and positively affected dynamics of laboratory indicators of protein 
metabolism among the patients. 

 
Table 4. Safety indicators of the enteral nutrition product. 

Indicator  Levels detected in the 
prepared enteral nutrition 

product 

Maximum 
allowable levels 

Mass concentration of toxic elements, mg/kg: 

Lead  0.026±10% 0.5 

Arsenic  < 0.01 0.1 

Cadmium < 0.01 0.05 

Mercury  < 0.002 0.03 

   

Antibiotics, mg/kg:   

Levomycetin not detected 
 (detection limit 0.00008 

mg/kg) 

not allowed 
(<0.0003) 

Tetracycline group not detected 
 (detection limit 0.01 mg/kg) 

not allowed 
(<0.01) 

Streptomycin 
 

not detected 
 (detection limit 0.1 mg/kg) 

not allowed  

Bacitracin  not detected 
 (detection limit 0.004 mg/kg) 

not allowed 
(<0.02) 

   

Pesticides, mg/kg:   

 Hexachlorocyclohexane 

 (-, -, -isomers) 

not detected 
 

0.1 

DDT and its metabolites  not detected 
 

0.1 

   

Radionuclides, specific activity, Bq /kg: 

Cesium-137 0±13 not more than 
200 

Strontium-90 0±18 - 

4.  Conclusion 
As a result of this study, the recipe and technology for a meat-based enteral nutrition product have 
been developed. The product has balanced amino acid and fatty acid compositions, and is enriched 
with vitamins and minerals. Consumption of the product ensured effective correction of the energetic 
requirements among patients with nutritional status disorder caused by operated stomach syndrome. 
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Abstract. A design for an automatic line for minced meat production according to new 
production technology based on an innovative meat milling method is proposed. This method 
allows the necessary degree of raw material comminution at the stage of raw material 
preparation to be obtained, which leads to production intensification due to the traditional meat 
mass comminution equipment being unnecessary. To ensure consistent quality of the product 
obtained, the use of on-line automatic control of the technological process for minced meat 
production is envisaged. This system has been developed using artificial intelligence methods 
and technologies. The system is trainable during the operation process, adapts to changes in 
processed raw material characteristics and to external impacts that affect the system operation, 
and manufactures meat shavings with minimal dispersion of the typical particle size. The 
control system includes equipment for express analysis of the chemical composition of the 
minced meat and its temperature after comminution. In this case, the minced meat production 
process can be controlled strictly as a function of time, which excludes subjective factors for 
assessing the degree of finished product readiness. This will allow finished meat products with 
consistent, targeted high quality to be produced. 

1.  Introduction 
Modern trends in the development of meat processing equipment include the use of highly precise 
methods for meat raw material analysis and high-calibre control of raw meat processing [1]. 
According to expert estimates, large manufacturers of sausages and meat products in the Russian 
Federation (RF) will trend towards quality stabilisation and maximal automation of technological 
processes. 

At present, according to different estimates, virtually all Russian meat processors utilise 85-95% 
imported equipment. In this connection, it is necessary to solve the problem of substituting this 
expensive, imported meat processing equipment in the light of the requirements of the Food Security 
Doctrine of the Russian Federation. 

Earlier, the V.M. Gorbatov All-Russian Meat Research Institute developed the theoretical aspects 
for frozen meat raw material processing by a novel milling method: methodology was developed for 
analytical calculation of performance of the meat cutting process using a mill; a method was proposed 
for calculating energy expenditure for the meat raw material milling process based on the specific 
shear force established experimentally; an automatic control system was proposed for the minced meat 
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production process using a process control computer (PCC) that ensures guaranteed high quality of 
finished products [2]. 

The 21st century is imposing new requirements on meat and meat product manufacture. To increase 
enterprise profitability, novel, innovative approaches to the organisation of raw material processing 
into finished products will be necessary, including mechanisation, robotisation and automation of 
production. Many manufacturers of food equipment are gradually beginning to develop universal lines 
for production of certain product types, where raw material is supplied at the entry; with that, 
processing, transportation and mixing with other ingredients are carried out in automatic mode. At the 
exit, a finished product or raw material suitable for the following technological processing stages is 
obtained [3]. 

The Executive Order of the RF President No. 642 of 01.12.2016 “On the Scientific and 
Technological Development Strategy of the Russian Federation” states that in the next 10 to 15 years, 
a transition to advanced intellectual production technologies, effective processing of agricultural 
produce, and the development of safe and quality food products including functional foods must be 
considered the priorities for the scientific and technological development of the RF [4]. Therefore, the 
development of a system for on-line automatic control of the technological process for minced meat 
production using artificial intelligence methods and technologies is quite topical. 

2.  Automatic line design 
At present, the Institute has been developing an automatic line for minced meat production intended 
for the manufacture of semi-prepared products and sausages, including products for children’s 
nutrition. The line design is presented in figure 1. 

 

Figure 1. Design of the automatic line for minced meat production: 1 – input control unit for 
processed raw material; 2, 4, 6 – conveyers; 3 – milling cutter; 5 – hopper for minced raw material; 

7 – minced meat mixer; 8 – elevator with a buggy; 9 – stuffer; 10 – process control computer 
(PCC). 

Frozen meat blocks are moved from freezing chambers to the input control unit 1), where 
unconditioned raw material that contains foreign material inclusions (metallic items, wood, glass, 
fragments of packaging materials etc.) are identified and rejected. Meat blocks that pass this test are 
transferred by the conveyer (2) into the milling cutter (3). Minced raw material is carried by the 
conveyer (4) into the hopper (5), from which it is sent in measured weight quantities by the conveyer 
(6) to the minced meat mixer (7). After mixing, the formulated mass is transferred into the buggy and 
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loaded by the elevator (8) into the stuffer (9). Then, sausages are subjected to thermal treatment 
according to a standard technological scheme. The process of minced meat processing is controlled by 
the PCC (10) that monitors, in real-time, the raw material temperature, the comminution process, the 
chemical composition (content of water, protein and fat; pH) and the temperature of the minced meat, 
forming a command for mixing (producing) minced meat with optimal rheological characteristics. 
When manufacturing a meat mass for homogenised canned foods for children’s nutrition, the 
automatic line is additionally furnished with a heat exchange apparatus and homogeniser instead of a 
stuffer.  

3.  Single stage comminution 
The proposed design utilises a new technology for meat product manufacture based on an innovative 
method of raw material comminution. The traditional technology for sausage production involves 
consecutive comminution of frozen meat blocks using three meat cutting machines: block cutters 
(comminution to medium-sized particles), grinders (coarse comminution to small-sized particles) and 
cutters (fine comminution). In the proposed technology, only one machine, a single stage comminutor, 
finely comminutes the initial raw material. This has the following advantages: 1) costs of minced meat 
and sausage production are significantly reduced due to exclusion of two expensive meat cutting 
machines for preliminary raw material comminution (the frozen meat cutter and grinder are 
unnecessary); 2) each stage of the preliminary comminution using traditional technology is 
characterised by electricity consumption and meat losses; with the new technology, these losses and 
consumption are excluded; 3) a reduction in the length of the chain for minced meat production leads 
to intensification of minced meat/sausage production, making the novel technology more cost 
effective. To obtain the necessary particle size when producing homogenised canned foods for 
children’s nutrition, the meat mass for these canned foods is traditionally processed in a colloidal mill 
or micro-cutter or using a dual system of disintegrators after meat raw material is comminuted in a 
grinder and then is transferred to a homogeniser. Using the novel, single stage comminutor results in a 
product with the necessary degree of comminution at the early stage of raw material preparation. This 
leads to intensification of production due to exclusion of the grinder and disintegrators that perform 
fine comminution of the meat mass for these canned foods. Therefore, the proposed design, utilising 
the new technology, would be suitable for use in the children’s nutrition industry with all the 
advantages described above for sausage production. 

The single stage meat comminutor is furnished with a cutting element in the form of a rotating 
body (screw) with cutting edges on its flanges [5]. The screw can be made from a set of mills in 
materials approved for contact with the food environment. When cutting raw material with mills, the 
contact area of the cutting edges with meat is minimal compared to the area of the side surfaces of 
cutter knives (the traditional technology of fine comminution); therefore, it is possible to ensure a 
reduction in the energy expenditure due to friction. By processing meat blocks of typical industrial 
sizes by the novel milling method in a single stage, the traditional technological chain of meat block 
processing (frozen meat block cutter – grinder – cutter) is reduced to a minimum, which ensures 
resource savings. This technological chain reduction leads to a significant (by 2.4 times when the 
automatic line performance is 2000 kg/hour) decrease in electricity usage, which allows meat 
processing plants to save financial resources. 

4.  Intelligent control system (ICS) 
In the traditional technology for minced meat production, using batch-operated technological units, 
finished product quality, to a large extent, depends on the operator. The new technology, realised on 
the proposed automatic line, envisages complete automation of the technological process with the use 
of the PCC; that is, control is conducted according to the principle of an unmanned operation based on 
artificial intelligence. This will allow finished products of guaranteed high quality to be obtained by 
computer control both of each technological operation and the whole technological process in real-
time. 
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To this end, on the proposed line, the creation of an intelligent control system (ICS) for quality 
management of minced meat production is planned, the distinctive characteristics of which will be: 1) 
function in a mode for information interaction with the external environment via sensing elements that 
measure parameter values to follow the process; 2) the system will be trainable in the process of 
operation: it accumulates and uses statistical information to increase the precision of predicting the 
degree of raw material comminution; 3) the system will produce predictions of environment effects, 
assessing numerical characteristics of such effects. 

Control of single stage comminution envisages maintenance of the stipulated degree of raw 
material comminution in the automatic mode upon stabilisation of the cutting mode parameters in real-
time. 

 In this case, the ICS will operate under the principle of compensating for parameter deviation from 
a set value (figure 2). 

 

 

Figure 2. Control of single stage meat block 
comminution: 1 – electric motor for the driver of 
the cutting mechanism for raw material; 2, 4 – 
frequency convertors; 3 – PCC; 5 – electric motor 
for the driver for the mechanism feeding meat 
blocks into the comminution zone; 6 – spiral gear; 
7 – frozen meat block; 8 – screw (comminutor 
cutting body). 

 
The PCC calculates the moment of the meat’s resistance to comminution by the dynamics of the 

cutting driver of the comminutor upon fixing the values of the electromagnetic moment of the electric 
motor of the driver of the cutting mechanism. As a result of this calculation, the PCC memory unit 
archives the realisation of a random process – the changes in the moment of meat resistance to 
comminution over time – in the form of a data array. Based on the statistical data obtained, the PCC 
assesses the correlation function of the process and calculates an estimate of the spectral density of the 
process by the standard method based on the discrete Fourier transformation. This assumes that a 
change in the moment of resistance to comminution is a stationary process (in a broad sense, a random 
process) that has an ergodic property upon stabilisation of the parameters of the raw material cutting 
regime. The PCC uses the obtained estimate of the spectral density of this random process in a Monte-
Carlo statistical computation. Increasing the length of the process realisation in the mode of machine 
(i.e. modelling) time means the PCC obtains a larger volume of statistical information about the 
process and, consequently, about changes in the rotational speed of the comminutor cutting shaft on 
which this process depends. Thus, in addition to the statistical information (obtained when cutting a 
real meat block) regarding changes in the rotational speed of the cutting shaft under the influence of 
the moment of resistance to comminution, the PCC will have an additional volume of similar 
statistical information due to computer modelling of changes in “virtual” meat blocks. This will allow 
the PCC to calculate point and interval estimates for process changes in the rotational speed of the 
comminutor cutting shaft during the process of comminution. On the basis of these estimates, the PCC 
will make the same estimates for changes in the typical size of the meat shavings obtained, with 
targeted statistical accuracy and reliability using established analytical dependence. The PCC will also 
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calculate the dispersion of these estimates; that is, it will determine a “diffusion” degree for a 
boundary range of meat shaving sizes, which is important in manufacturing products for children’s 
nutrition. In the process of real comminution of meat blocks, the PCC accumulates and processes 
statistical information about the comminution process; that is, the PCC is trained in the work regime, 
improving its prediction of the degree of raw material comminution. As a result of the presented 
operative algorithm, the PCC will produce statistical information about the degree of comminution in 
an explicit (numerical) form. The PCC can include equipment for express analysis of the chemical 
composition of comminuted meat as well as its temperature after comminution. In this case, the 
following process for minced meat production can be controlled strictly as a function of time, thereby 
excluding subjective factors in the assessment of finished product readiness. 

5.  Conclusion 
The proposed technology for meat raw material comminution and the designed automatic production 
line will result in finished minced meat/sausage products with consistent, targeted high quality. 
Complete automation of the technological process of minced meat production using the ICS opens the 
door to designing automatic plants – the meat processing plants of the future. 
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Abstract. The objectives of this study were to assess aflatoxin M1 (AFM1) contamination in 
processed milk and dairy products, and to estimate the mean daily exposure of the adult 
Serbian population to AFM1 due to milk consumption. A total of 1734 samples, comprising 
heat treated cow’s milk (n=1233), infant formulae (n=349), milk powder (n=94) and dairy 
drink (n=58), were analyzed for AFM1 presence using an Enzyme-Linked Immunosorbent 
Assay (ELISA) commercial kit. Samples were collected from different regions of Serbia during 
four seasons each year during 2015 and 2016. The incidences of AFM1 contamination were 
77.8% with a mean level of 0.0270.03 μg/L (range of 0.005-0.278 μg/L) in samples 
collected in 2015, and 98.4% with a mean level of 0.0390.02 μg/L (range of 0.005-0.28 
μg/L) in samples collected in 2016. The highest AFM1 levels were measured in October 2015 
(0.278 μg/L) and September 2016 (0.279 μg/L). Based on EU regulation, 214 (17.3%) milk 
samples exceeded the maximum residue limit (0.05 μg/L). The estimated daily intake (EDI) of 
AFM1 during different seasons of year for males and females was in the range of 0.022-0.330 
(mean 0.20) ng/kg/bw/day and 0.022-0.30 (mean 0.18) ng/kg/bw/day, respectively. The 
calculated EDI indicate a public health concern due to the carcinogenic effects of AFM1. 

1. Introduction 
Aflatoxin M1 (AFM1) is the most significant toxin in milk and dairy products. This compound is the 
hydroxylated form of the aflatoxin B1 (AFB1) that is formed in the liver of lactating animals, and is 
excreted into the raw milk by dairy cows when animals have been fed with feedstuffs containing AFB1 
[1]. Aflatoxins are potent, naturally occurring carcinogenic mycotoxins with a genotoxic effect and 
chronic and acute liver toxicity, especially in combination with hepatitis [2]. Since AFM1 is stable at 
high temperatures (≥250 C) and so cannot be removed from milk by heating processes, this toxin can 
be transferred into the milk products. Thus, AFM1 contamination can be a substantial public health 
concern. AFM1 has been classified as a Group 2 human carcinogen by the International Agency for 
Research on Cancer [3]. For this reason, and taking into account the significance of milk and milk 
products in the human diet (especially for children), the maximum allowed levels of AFM1 are strictly 
regulated worldwide and range from 0 to 1.0 µg/kg. In Serbia, high incidences of detectable AFM1 in 
milk have resulted in periodic changing of the maximum residue levels (MRL) for AFM1 set by the 
Serbian Government [4]. 

Despite the importance that the presence of AFM1 in milk has for public health concerns, in Serbia, 
the risks associated with AFM1 in dairy products have yet to be fully understood. Assessment of risk 
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of exposure to AFM1-contaminated milk and dairy products, is one of the most useful methods to 
evaluate the severity and probability of liver cancer risk in toxicological studies [5]. Therefore, the 
aims of the present survey were to determine the incidence of detectable levels of AFM1 in milk 
during different seasons,	and to estimate the mean daily exposure of the adult Serbian population to 
AFM1 due to milk consumption. 

2. Materials and Methods 

2.1. Sample collection and preparation 
A total of 1734 samples, comprising heat treated cow’s milk (n=1233), infant formulae (n=349), milk 
powder (n=94) and dairy drink (n=58) were obtained in the period from January 2015 to December 
2016 from dairy producers during occasions of self-controls or official controls. Samples were stored 
at 2-8 °C or frozen at -20 °C until further analysis of AFM1. Milk samples were prepared according to 
the ELISA kit manufacturer’s instructions. Samples were centrifuged for 10 min at 3500 g at 10 °C. 
After centrifugation, the upper cream layer was completely removed by aspirating through a Pasteur 
pipette. Skimmed milk was used directly in the test (100 µl per well). 

2.2. Enzyme-linked immunosorbent assay (ELISA) analysis 
The ELISA test procedure was performed using the Aflatoxin M1 ELISA kit (Tecna S.r.l., Italy). 
Preparation of the samples and ELISA test procedure were performed according to the instruction 
provided by the manufacturer. The detection limit of the method was 0.005 µg/kg. In the case of 
AFM1 levels higher than 250 µg/kg, samples were diluted with sample dilution buffer and reanalyzed. 
Relative standard deviation of reproducibility was 6%. Recovery was 110%. 

2.3. Exposure assessment 
Estimated daily intake (EDI; ng/kg body weight (bw/day) was calculated through a deterministic 
method [6]. For exposure calculations, levels of AFM1 below LOD were assumed to be equal to half 
the LOD for derived mean concentrations (0.0025 μg/kg) [7]. The daily intake level of milk and mean 
body weight for males and females was estimated based on data retrieved from Kos et al. [8]. Results 
were expressed as ng/kg bw/day. 

3. Results and Discussion 
The occurrence of AFM1 contamination in heat-treated cow milk and dairy products and EDI due to 
consuming AFM1 contaminated milk, collected during four seasons of 2015-2016, are presented in 
table 1 and figure 1.  

3.1. Occurrence of AFM1 
AFM1 was detected in 90.6% (117 out of 1233) of milk samples at concentrations ranging from 0.005 
to 0.28 µg/kg, with a mean level of 0.0350.029 µg/kg. Individual results by month (data not shown) 
showed the highest incidence of AFM1 in 2016 (98.4%) with a mean concentration 0.0390.02 µg/kg, 
in comparison to 2015 (77.8%) with a mean concentration 0.0270.03 µg/kg. However, the range of 
AFM1 concentrations between years was similar; 0.005-0.28 µg/kg. The highest concentration, which 
exceeded the MRL, was determined in winter and spring season (0.279 µg/kg). Statistical analysis of 
the data showed significant differences between periods of investigation in the level of AFM1 in heat-
treated cow’s milk (p < 0.001) (table 1). 
These differences are presumably due to contamination of feeds as influenced by local weather 
conditions during pre-harvest and harvest stage. Increased levels of AFM1 in Serbian milk since 2013 
were most probably the consequence of feeding corn contaminated with AFB1. AFB1 contamination is 
prevalent in warm and humid climates and is reported in temperate countries following severe 
drought, particularly in cases of inadequate storage conditions [9]. Serbia has a continental to 
moderate continental climate with frequent, heavy rainfall. The temperatures (up to 40 C) and relative 
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humidity (up to 80%) are high throughout the year. Under such climate conditions, a high incidence 
and levels of mycotoxins can be expected [10]. 
 

Table 1. The occurrence of AFM1 in different types of dairy products. 

Type of 
milk 

Year N 
Incidence  

n (%) 

Concentration of AFM1 (g/kg) Above MRL n (%) 

Mean  Sd 
Range 

(min.-max.) 
SRB n 
(%)[1,2] 

EU n 
(%)[1] 

Heat 
treated 
cow’s 
milk 

2015 468 364 (77.8) 0.0270.03a 0.005-0.278 12 (2.5) 43 (9.1) 

2016 765 753 (98.4) 0.0390.02a 0.005-0.28 2 (0.2) 
171 

(22.3) 
Sum of 2015 

and 2016 
1233 1117 (90.6) 0.0350.029 0.005-0.28 14 (1.1) 

214 
(17.3) 

Infant 
formulae 

2015 172 5 (2.9) 0.00860.001 0.005-0.010 0 0 
2016 177 18 (10.2) 0.00120.0023 <0.005-0.017 1 (0.5) 1 (0.5) 

Sum of 2015 
and 2016 

349 23 (6.6) 0.0110.0025 <0.005-0.017 1 (0.2) 1 (0.2) 

Milk 
powder 

2015 68 15 (22.1) 0.0210.01 <0.005-0.035 0 0 
2016 26 10 (38.4) 0.0130.008 <0.005-0.027 0 0 

Sum of 2015 
and 2016 

94 25 (26.6) 0.0180.01 <0.005-0.035 0 0 

Dairy 
drink 

2015 38 7 (18.4) 0.0540.05 <0.005-0.147 0 3 (7.9) 
2016 20 6 (30.0) 0.0100.0025 <0.005-0.013 0 0 

Sum of 2015 
and 2016 

58 13 (22.4) 0.0340.04 <0.005-0.147 0 3 (5.2) 

Means with same letters within the same column are significantly different at p < 0.001. 
N – total number of analysed samples. 
n – number of samples. 
MRL 10.05; 2 0.25. 
 

 
In our study, AFM1 was found in 23 out of 349 (6.6%) of infant formulae (levels ranged from 

<LOD to 0.017 µg/kg, mean 0.011±0.0025	µg/kg). The toxin incidence was higher in 2016 (18 out of 
177, 10%) than those obtained in 2015 (5 out of 172, 3%). Regarding milk powder, the incidences of 
AFM1 contamination in samples collected from 2015 and 2016 were 22% (15 out of 68) and 38.4% 
(10 out of 26), with concentrations ranging from <LOD to 0.035	µg/kg and <LOD to 0.027 µg/kg, 
respectively. For the dairy drink samples, AFM1 was detected in 13 out of 58 (22.4%) samples, with 
the mean level of 0.034±0.04	 µg/kg for these positive samples. The incidences of AFM1 
contamination in samples collected in 2015 and 2016 were 7 out of 38 (18%) and 6 out of 30 (30%) 
with a range of <LOD to 0.147 µg/kg (mean 0.054±0.05	µg/kg) and <LOD to 0.013	µg/kg (mean 
0.010±0.0025	µg/kg), respectively. 

Based on EU Regulation No 466/2001, the maximum permitted level (MPL) for AFM1 in milk 
(raw milk, milk for the manufacture of milk based products and heat-treated milk) is 0.05 µg/L. 
According to this standard, 9.1% (43/468) in 2015 vs. 22.3% (171/765) in 2016, of milk samples had 
AFM1 levels that exceeded this limit. However, according to Serbian legislation, only 12 (2.5%) and 2 
(0.2%) in 2015 and 2016 of milk samples exceeded the Serbian MRL, respectively. Moreover, in the 
present study, the AFM1 concentrations of three dairy drink samples was higher than 0.05 µg/kg. Since 
2013, high levels of AFM1 in milk and dairy products have been detected in Serbia [8,11-16]. Overall, 
seasonal differences of AFM1 concentrations in milk and dairy products observed in this study also 
were recently reported in Serbia [1,16], and Croatia [17,18]. 

3.2 Exposure assessment - Estimated daily intake (EDI) 
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The EDI of AFM1 for the adult Serbian population due to milk consumption during the period of the 
investigation is presented in figure 1. As shown in figure 1, the EDI in this study was higher during 
September 2015 to June 2016 than	the amount recommended by Kuiper-Goodman (0.2 ng/kg bw/day) 
[19]. However, our study did not take the contribution of other dairy products into account. 
 

 
Figure 1. EDI (ng/kg bw/day) for AFM1 in heat-treated milk during seasons 2015-2016 (M-male, F-

female). 

 
Considering our results, it could be concluded that consumers are constantly exposed to this toxin 

through milk consumption. The average calculated EDI in our study was higher than the level reported 
by Torovic et al. [5], but lower than those reported by Skrbic et al. [11] or Kos et al. [8]. At the 
international level, on the basis of the mean concentrations of AFM1 in milk and the milk consumption 
in the GEMS/Food regional diets [20], the EDI for the European diet was calculated as 0.11, for Latin 
American 0.058, for Far Eastern 0.20, for Middle Eastern 0.10, and for African diet as 0.002 ng/kg 
bw/day. Because of the carcinogenic potential of aflatoxins, JECFA [20] concluded that daily 
exposure, even to <1 ng/kg bw, contributes to the risk of liver cancer. 

4. Conclusion 
Considering the results obtained in this study, the EDI and potential hazard index, the unsuitably large 
intakes of AFM1 by the Serbian population are higher than the recommended permissible intakes by 
international expert committees. Moreover, integrated prevention strategies at pre-harvest or post-
harvest times, including further studies, in an attempt to identify and then control potential influencing 
factors, are necessary. Also, AFB1 contamination of animal feeds and milk should be regularly 
monitored, particularly in regions where milk samples were previously contaminated above the legal 
limit. 
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Abstract. The aim of our research was to examine the influence of packaging in modified 
atmosphere on the pH and peroxide value in muscle of common carp (Cyprinus carpio), as 
well as to determine the most suitable gas mixtures for packing of that freshwater species. 
Three sample groups of carp cuts were investigated. One group of carp cuts was placed on top 
of flaked ice placed in polystyrene boxes. Two other groups were packaged in modified 
atmosphere with different gas ratios: 80%O2+20%CO2 (MAP 1) and 90%CO2+10%N2 (MAP 
2). All carp cuts were stored in the same conditions at 3±0.5°C, and on 1, 3, 5, 7, 9, 11, 13, 15. 
and 17 days of storage, chemical testing was performed. The results obtained indicate that the 
packaging of common carp under 90%CO2+10%N2 slowed proteolytic reaction as well as 
secondary lipid oxidation. 

1.  Introduction 
The quality of fresh fish is a major concern to industry and consumers. This is a complex concept 
involving a whole range of factors, which include safety, nutritional quality, availability, convenience 
and integrity, freshness, eating quality and the obvious physical attributes of the species, size and 
product type [1]. 

Fish are highly perishable and prone to vast variations in quality due to differences in species, 
environmental habitats, feeding habits and action of autolysis enzymes as well as hydrolytic enzymes 
of microorganisms on the fish muscle [2]. The high water and free amino acid content, and the lower 
content of connective tissue as compared to other flesh foods lead to the more rapid spoilage of fish. In 
general, fish have a limited shelf-life in comparison with meat products (veal, lamp, pork, poultry) as a 
result of the high post mortem pH in the flesh (usually > 6.0), the presence of large amounts of non-
protein nitrogen (NPN), the high content of polyunsaturated fatty acids (PUFA), the presence of 
autolytic enzymes etc. 

Deterioration of fish mainly occurs as a result of bacteriological activity leading to loss of quality 
and subsequent spoilage [3,4]. Microorganisms present on the surface of fish produce a large variety 
of hydrolytic enzymes, in particular proteases. Endogenous proteases also play an important role in the 
post mortem degradation of fish muscle protein [5]. These processes lead to a change to the textural 
and sensory characteristics of fish muscle. 

Hydrolytic changes in lipids are the cause of the release of free fatty acids (FFA), which are much 
more susceptible to oxidative changes. Fish oil contains large amounts of polyunsaturated fatty acids 
which lead to the initiation of oxidation reactions and the formation of hydroperoxides of fatty acids 
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and other, often toxic, secondary oxidation products. The formation of peroxides (measured by the 
peroxide value; PV) is considered an indicator of the rate of primary oxidation, while the 
thiobarbituric acid (TBA) value is an indicator of secondary oxidation [6,7]. 

The changes in lipids of fish are responsible for the quality deterioration with the extended storage, 
especially under inappropriate conditions. They involve lipolysis, lipid oxidation, and the interaction 
of the products of these processes with nonlipid components such as protein. Fish muscles contain an 
abundance of long chain lipids with a high proportion of polyunsaturated fatty acid that undergoes 
changes due to oxidation during processing and storage. 
The shelf-life of fresh chilled fish is relatively short and at ambient temperatures of 2±2°C it is about 2 
to 3 days. The shelf life of fresh chilled fish can be extended by vacuum packaging or modified 
atmosphere packaging (MAP) [8,9]. 

The aim of this research was to monitor changes of selected chemical parameters of common carp 
(Cyprinus carpio) steaks packaged in modified atmosphere during the storage at 3±0.5°C and to 
determine the shelf life of the products. 

2.  Materials and Methods 

2.1. Sample collection 
Samples from fourteen common carp (Cyprinus carpio) of average body weight of 2.50±0.30 kg were 
obtained from fishpond where a semi-intensive rearing system was used. Fish were transported live to 
the fish slaughtering and processing facility, where they were stunned, slaughtered, scaled, and 
carcasses were cut into steaks 2 cm thick and 220 g average weight. The carp steaks were divided into 
three groups. 
The control fish steak group was placed on top of flaked ice placed in polystyrene boxes with outlets 
for water drainage. The ice/fish ratio was 3:1 and maintained constant throughout the experiment. The 
other two sample groups of carp steaks were packaged in modified atmosphere with different gas 
ratios: MAP1:80%O2+20%CO2 and MAP2: 90%CO2+10%N2. The machine used for packaging the 
carp steaks was Variovac (Variovac Primus, Zarrentin, Germany), and material used for packaging 
was foil OPA/EVOH/PE (oriented polyamide/ethylene vinyl alcohol/polyethylene, Dynopack, 
Polimoon, Kristiansand, Norway) with low gas permeability (degree of permeability for O2 – 3.2 
cm3/m2/day at 23°C, for N2 – 1 cm3/m2/day at 23°C, for CO2 – 14 cm3/m2/day at 23°C and for steam 
15 g/m2/day at 38˚C). The ratio of gas:carp steak in the packages was 2:1. All samples were stored in 
the same conditions at 3±0.5°C and on 1, 3, 5, 7, 9, 11, 13, 15 and 17 days of storage, chemical testing 
was performed. 

2.2. Chemical analysis 
Muscle pH was measured by Cyber Scan pH-510 digital pH-meter (EUTECH Instruments, 
Netherland). PV, expressed in milliequivalents of peroxide oxygen per kilogram of fat, was 
determined by EN ISO 3960:2009 method. 

2.3. Statistical analysis 
The mean values and standard deviations were calculated by using column statistics for the six values 
in each analysed group. Significant differences between groups were calculated by using one-way 
ANOVA analysis by Tukey’s comparative test in the program Microsoft Office Excel (2010). 
Differences were considered as significant when p value was < 0.05. 

3.  Results and Discussion 
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Figure 1. Changes in pH value of common carp steaks packaged under different conditions during the 
storage period. 

 
Figure 1 shows pH values in common carp steaks depending on the type of packaging and the 

length of the storage period. In MAP1 carp steaks, significant (p ˂ 0.01) a pH increase was observed 
between day 5 (pH: 6.49±0.03) and day 9 (pH: 6.63±0.06) of the experiment. From then on, the pH 
value began to decrease and reached 6.30±0.04 on storage day 17. In contrast, a decrease in pH value 
was detected in carp steaks in MAP2 during the whole experimental period. The lowest pH value of 
6.19±0.02 in this experimental group was recorded on storage day 15. pH values of control carp steaks 
fluctuated during the storage period, and ranged from 6.51±0.09 to 6.63±0.03. Compared to control 
carp steaks, MAP packaged fish in the 90%CO2+10%N2 atmosphere had a lower pH during the entire 
storage period, while the pH in carp steaks packaged in MAP1 was significantly lower (p ˂ 0.01) after 
9 days of storage. The mean pH value for the control fish and carp steaks packaged in MAP1 and 
MAP2 throughout the storage period was 6.55±0.08; 6.49±0.06 and 6.32±0.07, respectively. 

The pH values in the muscle tissue of live fish are close to 7.0, but the post mortem pH generally 
ranges from 6.0 to 7.1, depending on the season of the year, fish species and other factors. Due to the 
amount of lactic acid produced during glycolysis under anaerobic conditions, the post mortem pH of 
fish muscle decreased, while the degree of pH reduction influenced quality of fish meat [10]. 
As shown in figure 1, the lowest pH value was recorded in carp steaks packaged in 90%CO2+10%N2. 
Other authors [4,11,12] also recorded significantly lower pH values in fish samples packaged in 
modified atmosphere with higher percentage of CO2; this is explained by dissolution of CO2 in the fish 
muscle, which is associated with increase of carbonic acid production. 
The moderate increase of the pH in MAP1 carp steaks after five days of storage can be attributed to 
the higher quantity of basic compounds produced by the activity of fish spoilage bacteria [13], which 
had favourable growth conditions because of high concentration of O2 in this gas mixture. 
The pH values of common carp muscle in our research as well as differences in pH values under 
various experimental conditions during storage correspond to the findings of other authors [8,14,15]. 
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Figure 2. Changes in PV of common carp steaks packaged under different conditions during the 
storage period 

 
Figure 2 shows the PV in the carp steaks depending on the type of packaging and the length of the 
storage period. In our research, during the first five days of storage, peroxide was not detected in both  
unpackaged and packaged fish meat. Later during the study, the PV was lower in control carp steaks 
than in those packaged in MAP. From day 7 to day 13, PV values were at highest level in carp steaks 
kept in the oxygen-rich atmosphere (80%). At the end of the study (day 15 and day 17), PV values 
were higher in fish packaged in the atmosphere without oxygen. As reported by Jayasingh et al. [16], 
lipid oxidation was higher in carp steaks packaged in MAP with 80% O2 than in control fish, exposed 
to ambient air, which is in agreement with the results of the present study. As concluded in Ruiz-
Capillas and Moral [13], lipid oxidation depends on the synergy effect between CO2 and O2. For that 
reason, lipid oxidation in an atmosphere with 40% O2 could be more intensive compared with 
atmosphere with 60% O2. Fluctuations in PVs that have been recorded in our research are in line with 
the results of other authors [6], pointing out the fact that PV cannot be considered as suitable indicator 
of fish muscle freshness. 

4.  Conclusion 
Packaging common carp under 90%CO2+10%N2 slowed proteolytic reaction as well as secondary 
lipid oxidation. According to those indicators, packaging common carp in 90%CO2+10%N2 is more 
suitable compared to packaging in an 80%O2+20%CO2 gas mixture. 
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Abstract. The use of nitrate-containing vegetable powders instead of sodium nitrite in meat 
products requires changes in technological production parameters in order to obtain traditional 
organoleptic characteristics in the finished products. The aim of this work was to study the 
effect of chard powder on colour and aroma formation in cooked sausages. Cooked sausage 
samples were: control with nitrite curing mixture; type 1 sausages with chard powder and 
ascorbic acid; type 2 sausages with chard powder and sodium ascorbate. To transform nitrate 
ions contained in the vegetable chard powder to nitrite ions using a denitrifying culture, 
preliminary thermal treatments were used: 30 and 60 min at 40±2°С, after which the sausages 
were cooked until a temperature of 72±2°С was achieved. The sausages were stored for 40 
days at 0-6°С. When sausage meat was initially held at 40°С for 60 min, a homogenous pink 
colour formed in the sausages with the vegetable powder. The indicators of lightness, redness 
and yellowness in cooked sausages as well as the indicators of instrumental odour assessment 
did not differ significantly (р>0.05). The indicators of colour stability during storage were 1.1-
3.0% higher in the sausages with the chard powder compared to the control. The mass fraction 
of sodium nitrite in the experimental sausages was 2.0-2.2 higher than in the control (р>0.05). 
As a result of cooked sausage storage, the differences in the sodium nitrite content in the 
control and types 1 and 2 sausages were similar. During storage, the mass fraction of sodium 
nitrite decreased in types 1 and 2 sausages by 55.6 and 54.8%, respectively (р<0.05). Cooked 
sausages with the chard powder contained 2.1-2.4 times more sodium nitrate than did control 
sausages (р<0.05). However, all tested sausage samples complied with legislative requirements 
in terms of their sodium nitrite and nitrate levels. 

1. Introduction 
The food additive sodium nitrite Е250 is used in the meat industry as a colour fixing agent, and due to 
its multiple functions (colour formation, preservative and antioxidative abilities, participation in aroma 
formation), it is practically irreplaceable in meat product manufacture. Taking into consideration the 
negative effect of excessive amounts of sodium nitrite on human health, doses of this additive in meat 
product formulations are strictly limited by existing legislation. However, up to now, there are no 
scientific data on the negative effect on human health of meat products with sodium nitrite, even at 
increased (by 3-4 times) concentrations. In addition, methods for utilising sodium nitrite in health care 
to induce improvement in cardiovascular system function are known [1]. However, taking into 
consideration the negative consumer attitude to products with food additives, the use of alternative 
sodium nitrite sources is topical. These sources include vegetable powders that contain nitrate, which 
is transformed into nitrite by the effect of denitrifying bacteria, and nitrite then takes part in the 
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process of colour formation [2-5]. This technology exists in different countries and is interesting in 
terms of processing vegetables with excessive levels of nitrate and their further use. 

For more complete expenditure of sodium nitrite on colour formation and, consequently, maximum 
effect of its use, on one hand, and the minimum residual content in a finished product, on the other 
hand, it is possible to use ascorbic acid (Е300) and its salts (Е301). Ascorbic acid occupies a special 
place among antioxidants. It is not only a means for retardation of the oxidative process in meat 
systems but also is an important auxiliary factor for colour formation with sodium nitrite participation. 
When using nitrate-containing components, it is necessary to use several technological steps, e.g., a 
preliminary stage of thermal treatment, denitrifying cultures that are necessary for full transformation 
of nitrate ions into nitrite ions, correct course of the colour formation process and assurance of the 
minimal residual sodium nitrite content. In this connection, the aim of this work was to study the 
effect of nitrate-containing chard powder on colour formation in cooked sausages made without the 
use of the colour fixing agent, sodium nitrite. 

2. Materials and Methods 
Cooked sausages contained the main raw materials, beef and pork, plus water, salt, spices, sugar and 
food-grade phosphates. The control sausages were made using traditional technology with a nitrite 
curing mixture (the mass fraction of sodium nitrite in the mixture was 0.6%) and sodium ascorbate. In 
type 1 sausages, sodium nitrite and sodium ascorbate were replaced with vegetable chard powder 
(0.26%) with a sodium nitrate level of 3.0%, ascorbic acid and a denitrifying culture containing 
Pediococcus pentosaceus, Staphylococcus carnosus, Staphylococcus xylosus, Lactobacillus sake Deb. 
Hanseni. Type 2 sausages differed from type 1 sausages by the use of sodium ascorbate instead of 
ascorbic acid. The vegetable chard powder was additionally dissolved in a small amount of water with 
constant mixing before adding into ground meat. The denitrifying culture with a small amount of 
water was added to meat raw materials with constant mixing. The temperature of prepared ground 
meat was not higher than 12°С. 

To transform the nitrate ions occurring in the vegetable chard powder into nitrite ions with 
necessary participation of the denitrifying culture, preliminary thermal treatments at 40±2°С for 30 or 
60 min was used. Then, sausages were cooked at 80±2°С until they achieved 72±2°С, and cooled to 
4±2°С. After that, sausages were stored for 40 days at 0-6°С and relative humidity of 75-78%. 

The odour visual fingerprints were determined using a VOCmeter device (electronic nose). Three 
specimens were taken from each test sausage sample for analysis on the VOCmeter device. To prepare 
a specimen, a test sausage sample (excluding the superficial layers) was minced and the necessary 
quantity was placed in a special glass container (vial). Each vial was tightly closed and incubated. 
After incubation, a needle was injected into each vial for automatic sampling of the analysed gas, 
which entered the VOC meter device. The readings of the MOS 1-4 sensors were used for 
visualisation of the experimental results. 

Colour characteristics of the sausages were measured in the CIELab system using the 
spectrocolorimeter “Spectroton” with simultaneous determination of reflection coefficients at 24 fixed 
wavelengths located in 13 nm intervals in the visible spectral range from 380 to 720 nm with the 
measurement results mathematically processed using a microprocessor controller built into the 
measurement unit. 

To detect colour stability during storage, a criterion for colour stability (U, %) was used. Colour 
stability was calculated according to the following equation: 

 

U ൌ ቆ1 െ ሺ
|Lଵ െ Lଶ|

3Lଵ

|aଵ െ aଶ|

3aଵ

|bଵ െ bଶ|

3bଵ
ሻቇ 100 

 
where: L1, L2 – values of lightness before and after storage; 
 а1, а2 – values of redness before and after storage; 
 b1, b2 – values of yellowness before and after storage. 
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The mass fraction of sodium nitrite was determined by the method based on the reaction of nitrite 
with n-(1-naphthyl) ethylenediamine dihydrochloride and sulphanilamide in a protein-free filtrate and 
photocolorimetric determination of colour intensity. 

The mass fraction of sodium nitrate was determined by the method based on nitrate reduction to 
nitrite using a cadmium column, photometric measurement of the intensity of colour that was formed 
in the reaction of sulphanilamide and n-(1-naphthyl)ethylenediamine dihydrochloride with nitrite, 
determination of an amount of the latter and its conversion to nitrate minus nitrite in the sausage. 

3. Results and Discussion 
To transform nitrate ions to nitrite ions, the presence of the denitrifying culture for a specified 
temperature and duration is necessary. The reaction of colour formation is activated during product 
heating at a temperature higher than 30°С and proceeds up to the product achieving 50°С. With the 
further increase in temperature up to 60-70°С, nitrosomyoglobin and nitrosohaemoglobin lose their 
protein partly due to denaturation and change into nitrosomyochromogen and nitrosohaemochromogen 
that impart a red colour to meat. When nitrite ions are absent, the colour reaction proceeds to the 
development of metmyoglobin, and the finished product will have a grey colour after thermal 
treatment, which is unacceptable for the most types of traditional meat products and sausages. 

These mechanisms for colour formation were taken into account upon optimisation of the 
conditions of vegetable powder transformation during holding in the thermal chamber. 

Therefore, sausage meat was held at a temperature of 40°С for 30 min or 60 min in order to achieve 
the uniform colour of cooked sausages. Holding for 30 min was insufficient to achieve a uniform pink 
colour on the cross-section surfaces of type 2 sausages, which were characterised by the presence of 
grey spots. In contrast to the use of the vegetable chard powder with sodium ascorbate, its combination 
with ascorbic acid in type 1 sausages provided a uniform colour after just 30 min at 40°С. The control 
sausages were characterised by a uniform pink colour. 

Holding sausages for 60 min at 40°С produced formation of a uniform colour in sausage of both 
types 1 and 2 (with the vegetable powder). Thus, an additional holding for 60 min at 40°С is necessary 
for nitrate transformation when manufacturing cooked sausages with chard powder. 

After achieving a temperature of 72±2°С, all sausages attained the characteristic, traditional colour 
of cooked sausages. Based on the performed research, the additional preliminary stage of thermal 
treatment was established for cooked sausages to ensure transformation of nitrate ions to nitrite ions 
with participation of the denitrifying culture: not more than 60 min at 40°С. 

As a result of the organoleptic assessment, it was established that during storage, all sausages had 
similar and acceptable consumer characteristics traditional for these types of meat products. 

The instrumental assessment of colour characteristics suggested an absence of significant 
differences in lightness, redness and yellowness of the control cooked sausage samples and sausages 
of types 1 and 2 (table 1). 

Colour stability in cooked sausages was 97.6-99.4% after 20 days of storage and 95.2-98.2% after 
40 days of storage. With that, the experimental sausages were superior to the control in terms of colour 
stability (by 1.1 and 3.0% for types 1 and 2, respectively) after 40 days of storage. 
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Table 1. Colour characteristics of sausages. 

Sausage samples Colour characteristics, colour units Colour 
stability 
during 

storage, % 

L-lightness a-redness b-yellowness 

1 day 
Control  60.7±1.3 10.2±0.6 11.0±0.8 - 
Sausage type 1 60.1±1.8 10.9±0.7 12.3±0.4 - 
Sausage type 2 59.5±1.2 11.3±0.6 12.0±0.6 - 

10 days 
Control  60.8±0.8 10.0±0.2 11.2±0.4 98.8 
Sausage type 1 61.1±1.1 10.7±0.4 12.1±0.5 99.4 
Sausage type 2 60.8±1.3 11.0±0.4 12.4±0.6 98.7 

20 days 
Control  60.6±1.3 10.2±0.5 11.8±0.6 97.6 
Sausage type 1 60.6±0.5 10.6±0.5 12.3±0.3 99.4 
Sausage type 2 59.7±1.7 11.2±0.7 12.4±0.5 98.7 

40 days 
Control  60.9±1.5 9.0±0.5 11.3±0.4 95.2 
Sausage type 1 60.9±1.1 10.7±0.4 13.3±0.5 96.3 
Sausage type 2 60.5±1.1 10.8±0.3 11.7±0.5 98.2 

 

During storage, all sausages had similar consumer characteristics, traditional for this type of meat 
product. For more reliable odour assessment, this was assessed instrumentally. The results of the 
multisensory investigations of cooked sausages are given in figure 1. 

 

 

Figure 1. Odour visual fingerprints, 
obtained in multisensory analysis of 
cooked sausages after 1 day of 
storage (1-control, 2-sausage type 1; 
3-sausage type 2). 

 
The readings of the sensors М1-М4 that characterise the content of aroma of volatile components 

in the gas phase of the sausage samples did not have significant differences. 
Taking into consideration that the sodium nitrite content in meat products is strictly regulated, we 

determined the mass fraction of sodium nitrite in sausages during storage (table 2). 
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Table 2. Sodium nitrite content in cooked sausages 

Cooked sausages Mass fraction of sodium nitrite, % 
1 day 

Control 0.00164±0.00020 
Sausage type 1 0.00360±0.00032 
Sausage type 2 0.00336±0.00036 

20 days 
Control 0.00160±0.00015 
Sausage type 1 0.00308±0.00024 
Sausage type 2 0.00307±0.00026 

40 days 
Control 0.00152±0.00009 
Sausage type 1 0.00160±0.00018 
Sausage type 2 0.00152±0.00012 

 
During storage, all cooked sausage samples complied with Russian legislative requirements for 

sodium nitrite and nitrate content (not more than 0.005 and 0.025%, respectively). 
The mass fraction of sodium nitrite in sausage types 1 and 2 in the process of storage decreased by 

55.6 and 54.8% (р<0.05), respectively, after 40 days. The nitrite content in the control did not change 
during sausage storage (р>0.05). 

After one day of cooked sausage storage, the mass fraction of sodium nitrite in the experimental 
sausages was 2.0-2.2 times higher than in the control (р<0.05). However, during storage, the mass 
fraction of sodium nitrite in all analysed sausages became similar, which, apparently, can be explained 
by transformation of formed nitrogen oxide to nitrate under the impact of oxygen (table 3). The 
sodium nitrate content in the experimental sausages was higher compared to in the control by 2.4 and 
2.1 times for types 1 and 2 sausages, respectively (р<0.05). 

 
Table 3. Sodium nitrate content in cooked sausages. 

Cooked sausage Mass fraction of sodium nitrate, % 
Control 0.00208±0.00021 
Sausage type 1 0.00506±0.00042 
Sausage type 2 0.00443±0.00032 

4. Conclusion 
Based on the results of the performed investigations, we established a regime for the preliminary 
thermal treatment of cooked sausages to transform nitrate ions present in the vegetable chard powder 
to nitrite ions with participation of an added denitrifying culture: not less than 60 min at 40°С. During 
storage, the control and experimental sausages had similar and acceptable consumer characteristics 
traditional for these types of meat products, which was confirmed by organoleptic assessment and 
instrumental analysis of colour and odour after production and during storage. The residual nitrite and 
nitrate content in the sausages with the natural, vegetable source of nitrate complied with legislative 
requirements. 
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Abstract. Authenticity of food is an issue that is growing in awareness and concern. Although 
food adulteration has been present since antiquity, it has broadened to include entire global 
populations as modern food supply chains have expanded, enriched and become more 
complex. Different forms of adulteration influence not only the quality of food products, but 
also may cause harmful health effects. Meat and meat products are often subjected to 
counterfeiting, mislabelling and similar fraudulent activities, while substitutions of meat 
ingredients with other animal species is one among many forms of food fraud. Feed is also 
subject to testing for the presence of different animal species, but as part of the eradication 
process of transmissible spongiform encephalopathies (TSE). In both food and feed cases, the 
final goal is consumer protection, which should be provided by quick, precise and specific 
tools. Several analytical tests have been employed for such needs. This paper provides an 
overview of authentication of meat and meat products compared with species identification in 
feed control, highlighting the most prevalent laboratory methods. 

1.  Introduction 
Adulteration in food has been a concern since the beginning of civilization, as it not only influences 
the quality of food products but also may cause harmful health effects. Adequate testing of food and 
adulterant detection in various food products are required for value assessment and to assure consumer 
protection against fraudulent activities [1]. The food protection concept includes food quality, food 
safety, food fraud and food defense. Although there are some overlaps between these four elements, in 
general, they are defined as follows: A food quality risk is an economic threat that is unintentional and 
influences a product’s value to consumers. A food safety risk is unintentional contamination of food 
that causes adverse health consequences. A food fraud risk is economically motivated and intentional, 
but is not intended to be a public health food threat. A food defense risk is a public health threat that is 
intentional, such as malicious tampering or terrorism. It is ideologically motivated and makes the food 
injurious to health. [2]. 

Food fraud is a public health food risk that is growing in awareness, concern and danger. It has 
been present since antiquity, as evidence found in Roman amphorae containing fraudulent olive oil 
and wine shows. But in ancient times, the scale was limited and it covered a small geographic area. 
Because modern food supply chains have been expanded, enriched and compounded, the risk of food 
fraud has broadened to include entire global populations [3]. This collective term is used to cover 
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deliberate substitution, addition, tampering, or misrepresentation of food, food ingredients, or food 
packaging; it also includes false or misleading statements made about a product for economic gain [4]. 
Most food fraud cases are not harmful, but there are exceptions, like melamine in Chinese skimmed 
milk powder [5], sudan dyes in spices [6], false labeling of puffer fish as monkfish [7] and the 
plasticizer di(2-ethylhexyl) phthalate (DEHP) being used as a cheaper substitute for clouding agents in 
food and beverages [8]. 

The main areas susceptible to fraud in the meat industry are: 1) the origin of meats and the animal 
feeding regime (as in the case of certificated regional products, for example); 2) substitutions of meat 
ingredients with other animal species, tissues, fat or proteins; 3) modifications of the processing 
methods for producing meat products and 4) additions of non-meat components such as water or 
additives. Recently, greater numbers of people are concerned about the meat they eat, so accurate 
labelling is important to inform their choice. Detection of animal species in feed occurs from a 
completely differently motivation, and it recently became mandatory in the eradication process of 
transmissible spongiform encephalopathies (TSE). In fact, shortly after the escalation of the bovine 
spongiform encephalopathy (BSE) crisis in Great Britain in 1986, it was determined that the source of 
infection was contaminated feed, i.e. infectious ruminant protein processed in meat and bone meal 
(MBM). One of the most important measures was the introduction of legislation which prevented 
these nutrients from entering the food chain and the establishment of appropriate analytical control of 
implementation of such regulations [9]. 

This paper intends to provide an overview on the issue of authentication of meat and meat products 
in comparation to species identification in feed control, highlighting the most prevalent laboratory 
methods. The aim is also to emphasize that simple transfer of protocols between these similar, but not 
the same matrices is not advisable. 

2.  Detection of animal species 
Meats derived from different animal species are priced differently, and consumers want to know what 
kind of meat they are purchasing with absolute certainty. Adulteration of meat products poses a 
serious problem, not only for economic reasons, but also for religious and moral reasons, as well as 
due to allergies to meat derived from individual animal species. Proper labelling is also important to 
help fair trade [10]. According to the European Council Regulation (EC) No. 178/2002 28 January 28 
2002, laying down the general principles and requirements of food law, food adulteration and 
misleading consumers is illegal. The same rules for food are implemented in Serbia through national 
regulations, as well as compliant legislation that applies to animal feed [11]. Some examples of 
undeclared animal species in meat products are given in table 1, adapted from Ballin [12]. 

 
 

Table 1. Examples of undeclared animal species in meat products. 

Investigated product Country of investigation 
% of mislabelling cases  

(No of analysed samples) 
Hamburgers Mexico 39% (23) 

Sausages Mexico 29% (17) 
Meat products USA 15.9% raw; 22.9% cooked (902) 
Meat products Turkey 22% (100) 

 
Identifying authenticity of meat and meat products is an important issue in food regulatory control 

for determining fraudulent actions and for assuring accurate food labelling, while detection of animal 
species in feed belongs to the group of systemic measures for the eradication and prevention of TSEs, 
so it is a part of the activities within the food safety chain [13]. According to feed legislation [14], feed 
must be in accordance with the following principles: no use of ruminant processed animal protein 
(PAP), no use of any PAP in feed intended for ruminants and herbivores, and no intra-species 
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recycling (commonly termed cannibalism). So, as indicated in the TSE Road Map 2 [15], the goal of 
the European Commission is to continue the review of the measures following a stepwise approach 
supported by a solid scientific basis while maintaining a high level of food safety, so there must be 
adequate analytical methods to ensure absolute reliability. 

In both food and feed cases, the final goal is consumer protection, which should be provided by 
quick, precise and specific food and/or feed control and proper identification of animal species. 
Several analytical methodologies have been employed for such needs, based on anatomical, 
histological, microscopic, organoleptic, chemical, electrophoretic, chromatographic, or immunological 
principles. However, due to specificities of their distinctive limitations, many techniques have been 
surpassed by the DNA-based molecular techniques or determination of proteins/peptides. In recent 
decades, most of the methods for identifying the species origin in meat and meat products, and 
especially in feed, are based on polymerase chain reaction (PCR) due to their high specificity and 
sensitivity and rapid processing time [16]. 

The authenticity of meat and meat products, as well as feed, includes various aspects and involves a 
wide range of analytes. Meat substitution is among the most frequent fraudulent and/or accidental 
situations, and refers to both species and tissue adulteration. Unfortunately, there is no perfect 
analytical tool that can provide solutions for all the problems in controlling the composition of food 
and feed. Still, many complementary, different approaches do exist. Techniques based on spectroscopy 
would be appropriate screening methods for meat and meat products, while more reliable and 
unambiguous results are achievable by immunoassays, molecular or mass spectrometry-based analysis 
[17]. Nevertheless, the most common methodologies in species determinations are based on DNA and 
immunological principles. Genetic methods are the most specific and sensitive for this purpose. 
However, they require expensive laboratory equipment and a certain degree of expertise. As an 
alternative, immunological assays can be used to reduce the test time and cost. Among these, ELISA 
(Enzyme-Linked ImmunoSorbent Assay) has been the most widely used technique in detecting food 
authenticity because of its specificity, simplicity and sensitivity. Regarding feed control, for all EU 
Member States and candidate countries, the only officially allowed method, is to implement SOPs and 
protocols published on the EU Reference Laboratory for Animal Proteins in Feedingstuffs (EURL-AP) 
website (http://eurl.craw.eu). 

3.  Enzyme-Linked ImmunoSorbent Assay (ELISA) 
ELISA is an immunological technique in which an enzyme, a protein that catalyzes a biochemical 
reaction, is utilized to detect the presence of an antibody or an antigen in a sample. Two types, the 
indirect and the sandwich ELISA, are the most commonly used for food authentication. The indirect 
ELISA uses two antibodies, one specific to the antigen and the other coupled to an enzyme. This 
second “enzyme-linked” antibody gives the assay its name, and causes a chromogenic or fluorogenic 
substrate to produce a signal. Sometimes, this second antibody can be linked to a protein such as 
avidin or streptavidin if the primary antibody is biotin labeled. In the sandwich ELISA, the antigen is 
bound between two antibodies: the capture antibody and the detection antibody. The detection 
antibody can be tied to an enzyme or can bind the conjugate (enzyme-linked antibody) that produces 
the biochemical reaction. This method produces qualitative or quantitative results. Qualitative ELISA 
detects the presence or absence of an analyte in the sample. The cutoff between positive and negative 
result is determined by the analyst and is statistically based. In quantitative ELISA, used to detect 
amounts of the analyte, the optical density or fluorescent units of the sample is interpolated into a 
standard curve which is typically a serial dilution of the target [18]. 

Both polyclonal and monoclonal antibodies against muscle and serum animal proteins are used in 
the method variants for identification of different animal species. Until recently, the great limitation of 
ELISA methodology has been that the target proteins are sometimes denatured during processing. This 
has been particularly important for feed control in which the animal proteins are treated by 
sterilization: by steam pressure of 3 bar, at a temperature of 133°C for 20 minutes, and therefore, the 
target protein epitope cannot be present in the condition detectable by the antibodies. This limitation 
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has been mainly solved because of the development of antibodies against thermostable proteins [19]. 
In recent years, advances in immunoassay technology have led to development of lateral flow tests (or 
dipsticks), which employ the same principles as the ELISA tests, but coat the antibodies and other 
reagents on a nitrocellulose membrane rather than the inside of test wells or paddles, and they use 
colloidal gold, dye, or latex bead conjugates to generate a visible signal. The simplicity of both type of 
tests and the short time required for the analysis make them suitable for screening of a large number of 
food samples [20]. 

According to Giovannacci et al. [21], there are limits for species detection in processed meat 
products, depending on various parameters, such as the fat content, the severity of heat processing, the 
origin of muscles and the maturation state of meat. Hence, detection limits might be different from one 
product to another. Although, from a theoretical point of view, ELISA methods, as well DNA methods 
are quantitative, they mainly give qualitative results. However, Kotoura et al. [22] described a strategy 
to determine the content of beef meat in different mixed meat products. In contrast to the performance 
of most ELISA tests for meat authentication, the reliability of immunological determination of 
ingredients of animal origin in animal feed is still under question [23]. Moreover, some requirements, 
such as greater sensitivity and better specificity need to be fulfilled [23]. Based on the latest EFSA 
scientific opinion [24], positive results require confirmation by another method, while false negatives 
frequently occur. 

4.  Polymerase Chain Reaction (PCR) 
PCR is an efficient way to copy small segments of DNA, to determine animal species. Compared to 
proteins, DNA has a higher thermal stability, it is present in the majority of cells and potentially 
enables identical information to be obtained from the same animal, regardless of the tissue of origin. 
As this technique can theoretically amplify one copy of target DNA, the limit of detection is therefore 
often lower than observed in protein-based methods. It allows identification of meat species under 
different processing conditions. However, the variability of DNA at the species and target tissue levels 
makes DNA-based methods somewhat unsuitable for the quantification of exact percentages of 
different species in meat and meat products. That is why the majority of published methods are 
qualitative, although there are some studies that have demonstrated a correlation between meat content 
(w/w) and signal intensity [25]. Quantitative analysis should be based on real time PCR and results 
expressed as genome/genome equivalents. The PCR amplified sequence must originate from genomic 
DNA, while use of mitochondrial DNA is not possible in quantification of species as the amount of 
mitochondrial DNA in tissue varies. The specific PCR amplified DNA sequence has a large influence 
on the limit of quantification [26]. 

Regarding feed control, besides microscopy, the introduction of PCR as an official method and the 
validation of a PCR assay for the detection of ruminant DNA in feed allowed the re-authorization of 
non-ruminant PAP in feed for aquaculture animals as of 1 June 2013. The next steps could be the use 
of poultry PAP for pigs and pig PAP for poultry, but only after validation of adequate analytical tools 
(e.g. PCR assays) that would allow efficient control. Due to interference of authorized animal 
ingredients (e.g. fats, blood products, dairy products) with PCR results, additional analytical 
approaches will probably be needed [27]. In addition to its own research, in 2014, the EURL-AP 
initiated an international laboratory network to investigate and develop alternative techniques, such as 
aptamers, mass spectrometry and ELISA. The most promising method is probably mass spectrometry 
[28]. Recently the identification of proteins and peptide biomarkers allowing the detection of PAPs by 
mass spectrometry produced very interesting results, but efforts must be continued and the journey to 
validation and implementation in the control laboratories is long. All official protocols and the 
versions in force are easily downloadable from the EURL-AP website [29]. 

Species differentiation of raw materials in industrial food and feed preparation, as well as the 
detection of animal species in foods and feeds remains a constant challenge. Various PCR protocols 
have proved adequate for detecting small amounts of DNA in meat samples, by amplifying a target 
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region of template DNA in a rapid and sensitive manner. Real time PCR seems to be the backbone of 
the future system of TSE prevention in feed control [30]. 

5.  Conclusion 
Among the wide range of analytical methods available for determining food authenticity, ELISA has 
performed well because of its sensitivity, specificity, promptness, cheapness, ease of performance and 
the low investment in equipment compared to other techniques. Although ELISA limitations for feed 
control have been shown, and most of the immunoassays for meat speciation are not applicable to feed 
detection because protein antigens denature during high-temperature rendering, this methodology 
could allow specific screening in both the meat and feed industries. On the other hand, PCR-based 
methods are highly specific and sensitive, but generally are unable to distinguish between different 
tissues of the same species. Also, variability of DNA content on the species and target tissue levels 
makes DNA-based methods somewhat unsuitable for quantification of different animal species in 
foods and feeds. For all these reasons, the proteomic approach, identifying different peptide 
biomarkers, and usually combined with mass spectrometry, is of importance. 

It is important to emphasize that differences in the authentication of meat and meat products in 
comparison with feed do exist and they are related to the complexity of the matrices and processing 
treatments. Feed control, as food safety issue, is a very well regulated area, and analytical methods and 
procedures to detect constituents of animal origin are strictly prescribed. These must be fully respected 
and completely implemented during official controls. Finally, all analytical methods and control 
strategies, regardless of sample type, have to enforce national and trans-national laws and regulations 
and to ensure full consumer protection from all possible viewpoints: food fraud, food quality, food 
safety and food defense. 
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Abstract. The quantity of by-products obtained during grass carp primary processing and 
chemical characteristics of internal organs were investigated. The total average weight of by-
products was 783.69 g (36.99%) in relation to live body weight which was cca 2118.5 g. The 
by-product contributing the largest quantity to total live body weight was the head with 458.22 
g (21.63% of live body weight), followed by complete internal organs and tail and fins, with 
weights of 198.03 g or 9.35% and 57.93 g or 2.73%, respectively .The chemical composition of 
internal organs from the grass carp was mostly water (65.55%), following by crude fats and 
crude proteins (17.47% and 13.35%, respectively). The low collagen content (13.43% of total 
crude protein) indicates the high nutritional quality of the protein content from internal organs. 
Nitrogenous complexes from the internal organs were predominantly proteins. Digestible 
nitrogen was approximately equal to total nitrogen (89.38%), indicating that all proteins of the 
internal organs had high biological value. Based on the results obtained, it can be concluded 
that carp internal organs could be important sources of proteins and fats, and thus, could be 
used in Serbia as a raw material for feed and technical fat production. 

1.  Introduction 
The aquaculture industry has grown rapidly over the last decade. Likewise, mariculture is expanding 
worldwide, thereby increasing the demand for feed ingredients to support production [1]. The rapidly 
growing fish sector directly depends on the aquafeed industry, which in turn largely depends on fish 
meal as its primary protein source. 

Over the last decade, the global supply of fish meal has been limited, and meeting the demands of a 
growing industry has become challenging. In addition, fish meal proteins experience periodic 
fluctuations in pricing and availability [2]. 

Freshwater fish contain high levels of polyunsaturated fatty acids (PUFA), which makes them very 
important in human nutrition [3]. Since there are a number of biochemical interactions between the n-6 
and n-3 series fatty acids, a balanced ratio between these fatty acids in the food is important for the 
normal functioning of the body in humans, as well as in animals [4]. Consumption of fish meat is 
increasing, due to its high content of PUFA, amino acids and lipid soluble vitamins which are 
important ingredients for human health. According to the latest data from FAO [5], the average 
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consumption of fish in Serbia is 5-10 kg per capita per year, which is significantly below the European 
and global consumption [6]. 

Common carp is economically the most significant farmed fish species in Serbia [7], and the 
cyprinids are the most common species in the total world production of freshwater fishes (71.9%, 24.2 
million tons in 2010) [5]. Grass carp was imported to the country as a regulator of hydro vegetation. It 
feeds on higher underwater plants and the meat is of good quality [8]. 
Manufacturing and development of fish products could increase the amount and contribute to better 
sales of fish, not only in traditional fish markets, but also in retail stores and supermarkets. However, 
technological processes, preservation and storage of fish meat differ from those for mammalian meat 
[9]. For proper manufacturing of fish products, knowledge of the chemical composition and 
characteristics of raw fish meat is very important in order to apply the most appropriate technology 
procedures that are adjusted to individual fish species.  

Fish processing and new fish product development can produce novel sales of fish, not only in 
traditional fish markets, but also in all other consumer goods stores [10]. The demands of modern 
markets are increasingly directed towards processed fish, especially fillets. Larger quantities of edible 
and non-edible by-products are obtained in industrial conditions of primary fish processing [11]. 
Fish yield, expressed as the ratio of the weight of the carcass without the head, scales, fins and internal 
organs and whole fish weight, are essential parameters for all technological operations related to fish 
processing, since the economy of production is directly dependent on it [12]. 

By-products of grass carp processing contain valuable nutrients which can be sources for the food, 
pharmaceutical and feed industries [13]. In order to obtain more complete perception of the quality of 
animal by-products, it is necessary, in addition to knowledge of basic chemical composition, to obtain 
complete information on the quality of the most important nutritional components – proteins. 
However, the high crude protein content of some raw materials is not a guarantee of its high usability, 
ie. protein digestibility [14]. 

Inedible by-products obtained during grass carp slaughter belong to the third category of by-
products [15], and are significant sources of proteins and fats that are convenient raw materials for 
processing into proteinaceous feeds for swine and pets. 
Due to the increasing industrial grass carp processing and need for complex utilization of the by-
products obtained, the aim of this research was to investigate the quantity of by-products and nutritive 
value of internal organs of grass carp. 

2.   Materials and Methods 
The quantity of by-products and quality of internal organs were monitored during the fish harvesting 
and processing of grass carp from fish ponds in Vojvodina in industrial conditions. 

Grass carp (mean weight approx. 2100 g) from the Ečka Fish Farm were delivered live to the 
manufacturing plant where they were immediately sacrificed. Scales, gills and viscera, heads (flat 
transverse incision just behind the gill arch) and the fins were removed with a knife. The following 
tissues/organs were weighed: fish before cutting, scales, head, tail and fins and total internal organs. 
The internal organs were not separated because in industrial conditions it is standard procedure to treat 
them as one tissue mass. 

Chemical characteristics of internal organs were determined at the Institute of Food Technology in 
Novi Sad. The entire internal organs from each fish were individually placed in plastic bags to be used 
as one sample, labelled and refrigerated at 4°C. Four hours after slaughter, samples were transferred to 
the chemistry laboratory. All samples (a sample was one set of internal organs from one fish) were 
ground with a homogenizer, then packed into aluminium foil bags and stored for 24 h at 4°C prior to 
examination. 

The basic chemical composition was assessed by determining moisture [16], total protein [17], 
hydroxyproline (i.e. the relative content of connective tissue proteins) [18], free fat [19], and total ash 
[20]. Nitrogen fractions and digestible nitrogen were determined according the AOAC methods for 
free fat content [21]. 
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Data were statistically evaluated [22] using arithmetic mean ( X ), standard deviation (SD) and 
coefficient of variation (CV). 
 
3. Results and Discussion 

The quantities of by-products obtained from carp processing are presented in table 1. 
 

Table 1. Quantity of grass carp by-product, g and %*. 

X  SD CV % 

Live body weight 2118.50 98.23 4.64 100.00 

Scales 69.51 2.49 3.58 3.28 

Head  458.22 31.65 6.91 21.63 

Tail and fins 57.93 5.11 8.82 2.73 

Total internal organs  198.03 12.22 6.17 9.35 

Total by-products 783.69 51.32 6.55 36.99 

Fillet  1001.19 75.33 7.52 47.26 

Bones and skin 305.85 19.56 6.40 14,.44 

Carcass  1307.04 83.14 6.36 61.70 

* % according to grass carp live weight. 

After cutting off the head, tail and fins and removal of complete internal organs, average carcass 
weight was 1307.04 g (61.70%) of total live body weight. Routine removal of skin, bones, spine and 
rib of carcass produced an average fillet weight of 1001.19 g (47.26%). Total average weight of by-
products was 783.69 g (36.99%) in relation to live weight which was cca 2118.5 g. The by-product 
with the largest proportion of total live body weight was the head, with 458.22 g (21.63%), followed 
by the internal organs and the tails and fins which had weights of 198.03 g (9.35%) and 57.93 g 
(2.73%), respectively. 

The head weight largely depends on the processing method (straight or round cut behind the gills). 
In the research of Tumbas and Petrović [23], the head, obtained with a circular cut, was 11% of the 
live body weight. The weight of tail and fins 99.15 g (5.11%) was smaller than the weight of heads. 
Total internal organs weighed 143.77 g (12.22%). According to Ristić et al. (1992), grass carp by-
product percentages ranged from head 19.79%, tail and fins 3.09% and total internal organs 9.47%. 

Results of the chemical composition of the internal organs are shown in table 2. This raw material, 
apart from water (65.55%), contained mostly crude fat (17.47%) and then crude proteins (13.35%). 
The low proportion of collagen (13.43%) in the total crude protein indicates the high nutritional 
quality of the protein. The fat content in grass carp ranges from 2.3 to 16.8%, while the protein content 
is less variable and generally is in the range of 14 to 18% [3,24]. 

As seen in table 2, the nitrogen complex in grass carp internal organs was composed mostly of 
protein. The high digestibility of the protein (89.38%) indicates the high biological value of the 
internal organ proteins. Ristić et al. [13] studied a set of grass carp internal organs that contained a 
higher proportion of fat (31.64%), and also had protein with good digestibility (91.57%). 
 
 
 
 
 



4

1234567890

59th International Meat Industry Conference MEATCON2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 85 (2017) 012044    doi   :10.1088/1755-1315/85/1/012044

 
 
 
 
 
 

Table 2. Chemical composition of grass carp internal organs, %. 

Parameter X  SD CV 

Moisture 65.55 13.83 21.10 

Crude protein 13.35 1.83 15.94 

Relative content of connective tissue proteins 13.43 0.60 4.47 

Crude fat  17.47 2.35 13.45 

Ash 1.00 0.16 16.00 

N-free extract 2.63 0.18 6.84 

Non-protein N 0.46 0.08 17.39 

Protein digestibility 89.38 3.30 3.69 

 
4. Conclusion 
Based on the results obtained in this study, it is possible to conclude the following: 
• After cutting off the head, tail and fins and removal of complete internal organs the average carcass 
weight was 1307.04 g (61.70% of the live weight). 
• The total average weight of by-products was 783.69 g or 36.99% in relation to live weight (cca 
2118.5 g). 
• The head had the largest proportion of weight in relation to live weight, being 458.22 g (21.63% of 
live weight). Weights of tail and fins were much smaller, being 57.93 g (2.73%). The total internal 
organs weighed 198.03 g (9.35%). 
• Biochemical analyses show that the internal organs, apart from water, contained significant amounts 
of crude fat (17.47%) and protein (10.68%), making them suitable for feed processing. 
• The amount of digestible nitrogen in the internal organs was approximately equal to total nitrogen 
(89.38%), indicating that all proteins from the internal organs have high biological value. 
• Inedible internal organs obtained during carp slaughter could be an important source of fatty acids 
and could be used as raw material for processing into feeds for use in animal nutrition. 
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Abstract. In this study, the effects of adding pumpkin seed oil (PSO) in water emulsion to 
model system chicken meat emulsions (MSME) on product quality and oxidative stability were 
investigated. MSME were produced by replacing 25% (P25) and 50% (P50) of beef fat with 
PSO-in-water emulsion (PSO/W) while control treatment was prepared with only beef fat. 
Addition of PSO/W to the formulation resulted in significant differences in chemical 
composition and pH values of both raw and cooked MSME treatments. The use of PSO/W 
produced significant improvements to emulsion stability, oxidative stability and cooking yield 
of MSME. It was determined that the use of PSO/W formulation results in decreased total 
expressible fluid values and increased cooking yields of the emulsions. It was observed that the 
highest cooking yield and the lowest total expressible fluid were found in the sample 
containing 50% PSO/W. It should be a feasible strategy to produce fat-reduced meat products 
with healthier lipid profiles by using PSO/W. 

1. Introduction 
Fat has an important role in meat products; it helps emulsion stabilization, improves binding 
properties, water holding capacity and cooking yields as well as provides sensorial characteristics such 
as juiciness [1,2]. However, diets with high animal fat contents have been related to increased obesity, 
cardiovascular disease and coronary heart disease due to their high saturated fatty acid and cholesterol 
contents [3,4,5]. Thus, the meat industry has begun to work on reformulation strategies to produce 
healthier meat products by decreasing saturated fatty acids, decreasing cholesterol and adding natural 
antioxidants. One of these strategies is using formulations with vegetable oils, since they are free of 
cholesterol and have a higher ratio of unsaturated to saturated fatty acids than animal fats [6,7,8]. 
However, the use of vegetable oils directly in product formulation can cause technological problems 
and quality loss in meat products [9]. Therefore, pre-emulsions constitute an innovative approach in 
low-fat product formulations since they can be used in fat reduction processes, beneficially modifying 
fatty acid profiles, masking off flavors and improving the sensory properties of products [10,11,12]. 

Pumpkin seed oil (PSO) is rich in bioactive compounds such as polyunsaturated (linoleic and 
linolenic) fatty acids, β-carotene, lutein, β-tocopherol, chlorophyll and phytosterols, and it is widely 
used in salads around the world, especially in Hungary, Slovenia and Austria. Due to its color and 

http://creativecommons.org/licenses/by/3.0


2

1234567890

59th International Meat Industry Conference MEATCON2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 85 (2017) 012045    doi   :10.1088/1755-1315/85/1/012045

foaming problem, PSO cannot be used in manufacturing processed foods or processes such as frying 
[13]. 

To the best of our knowledge, no research has been performed regarding utilization of PSO in meat 
model systems or meat products. Therefore, the objective of this study was to investigate the effect of 
using PSO in oil-in-water emulsion as a fat replacer on the technological characteristics and oxidative 
stability of model system chicken meat emulsions. 
 
2. Materials and Methods 
The pumpkin seed oil-in-water (PSO/W) emulsion was prepared according to Poyato et al. [14] with 
modifications. The aqueous phase was prepared with the mixture of egg white powder (5 g/100 g) and 
water (45 g/100 g). The oil phase (50 g/100 g) was added to the aqueous phase after both phases were 
heated separately to 55°C. After the emulsification process (6000 rpm, Ultra-Turrax® T25basic), the 
emulsion was cooled to room temperature and PSO/W was kept under refrigeration (4°C) until use. 
Three different model system chicken meat emulsions (MSME) were prepared following the 
procedure described by Cofrades et al. [15] with modifications (table 1). One contained only beef fat 
(C), two other MSME were prepared by replacing 25% (P25) and 50% (P50) of beef fat with PSO/W. 
Chicken breast meat and beef fat were passed through a grinder with a 3-mm plate (Arnica, Turkey). 
The minced meat was homogenized for 1 min in a kitchen-type mixer (Tchibo, Germany) which was 
placed in cooling bath (2°C). Fat or PSO/W, half of the ice, plus salt and sodium tri-polyphosphate 
(STPP) were added and mixed for 1 min. The other half of the ice was added and mixed again for 2 
mins. Portions of each emulsion (approximately 25 g) were placed in Falcon tubes (50 ml), which 
were hermetically sealed then centrifuged at 4500 rpm at 4°C for 1 min to eliminate any air bubbles. 
Samples were heat-treated for 30 min in a water bath at 70 °C, then cooled to room temperature for 
further analyses. 
 

Table 1. Formulation (%) of MSME1 

Samplesa Meat 
(%) 

Beef 
fat 
(%) 

PSO/Wb 
(%) 

Water 
(Ice) 
(%) 

C 68 20 - 10 

P25 68 15 5 10 

P50 68 10 10 10 
Samples contain: 1.5% salt and 0.5% STPP. 
a Sample denomination: C: %100 beef fat. 
P25: 75% beef fat + 25% PSO/W. 
P50: 50% beef fat + 50% PSO/W. 
b Pumpkin seed oil-in-water emulsion. 

 

Moisture, protein and ash contents of raw and cooked MSME treatments were determined by 
AOAC methods [16]. Fat content was evaluated according to Flynn and Bramblet [17], pH values of 
emulsions were measured by using a pH-meter (WTW pH 3110 set 2, Germany) equipped with a 
penetration probe. Emulsion stability, recorded as total expressable fluid (TEF), and water holding 
capacity (WHC) were determined according to Hughes et al. [18]. The weights of meat emulsions 
before and after cooking were recorded and the cooking yield calculated. Lipid oxidation on days 0, 1 
and 4 of storage was evaluated by the TBA method as described by Witte et al. [19]. The data were 
analyzed by one-way ANOVA using the SPSS software version 20. Differences among the means 
were compared using Duncan’s Multiple Range test. A significance level of p<0.05 was used for 
evaluations. 
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3. Results and Discussion 
 

Table 2. Chemical composition and pH values of raw and cooked MSME treatments. 

 Raw MSME  Cooked MSME   

 Moisture 
(%) 

Ash 
(%) 

Fat (%) Protein 
(%) 

pH Moisture 
(%) 

Ash 
(%) 

Fat (%) Protein 
(%) 

pH 

C 62.05 േ
0.44b 

1.46
േ 0.08 

18.77 േ
0.97a 

16.29 േ
0.46b 

6.06 േ
0.01a 

60.23 േ
0.96c 

1.51
േ 0.06 

15.44 േ
0.70ab 

19.77
േ 0.78 

6.17 േ
0.02b 

P25 64.66 േ
1.20ab 

1.53
േ 0.05 

16.74 േ
0.65b 

16.93 േ
0.93ab 

6.02 േ
0.01a 

62.54 േ
0.87b 

1.41
േ 0.18 

16.07 േ
0.64a 

19.85
േ 0.26 

6.20 േ
0.01a 

P50 65.91 േ
0.42a 

1.39
േ 0.10 

15.04 േ
0.72c 

17.56 േ
0.35a 

5.96 േ
0.01b 

64.28 േ
0.47a 

1.48
േ 0.06 

15.18 േ
0.47b 

19.91
േ 0.21 

6.17 േ
0.01b 

Data are presented as the mean values of 3 replications ± SD. 
abc: Means with different letters in the same column are significantly different (p≤0.05). 

 

Chemical compositions and pH values of raw and cooked MSME treatments are shown in table 2. 
Replacing beef fat with PSO/W showed an increasing effect on moisture and protein contents of raw 
MSME (p<0.05), since PSO/W contributed water and protein (egg white powder) to the formulation. 
The fat content of raw MSME decreased with respect to the incremental addition of PSO/W (p<0.05), 
while no significant differences were observed in ash content (p>0.05). Addition of PSO/W decreased 
the pH values of raw MSME because of lower pH value of PSO [20]. 

The highest moisture content was found in P50 after cooking (p<0.05), probably the result of the 
lower TEF of this treatment. Protein and ash contents of cooked MSME treatments were similar 
(p>0.05). Addition of PSO/W to the formulation showed significant effects on fat content and pH 
values of cooked MSME. The highest fat content was found in P25 (p<0.05). The fat content of 
MSME with added PSO/W (P25 and P50) was more or less constant in raw and cooked MSME 
treatments; this could be the result of higher emulsion stability of these formulations. 

 
Table 3. MSME characteristics. 

 WHC (%) TEF (%) Cooking Yield (%) 

C 93.84േ0.20 12.26േ0.46a 86.64േ1.11c 

P25 94.35േ0.15 9.98േ0.23b 89.47േ1.11b 

P50 94.37േ0.48 7.73േ1.59c 92.65േ0.75a 

Data are presented as the mean values of 3 replications ± SD. 
abc: Means with different letters in the same column are significantly different (p≤0.05). 
 

The aim of adding pre-emulsified fat or oils is having stable characteristic in meat products. WHC, 
cooking yield and emulsion stability (TEF%) results of MSME are shown in table 3. WHC of the 
MSME formulations were similar (p>0.05). PSO/W addition to formulations showed significant effect 
on emulsion stability of treatments (p<0.05). The highest TEF% values were found in C treatment 
while replacing beef fat with PSO/W showed a decreasing effect on TEF% values of MSME 
treatments (p<0.05). Cooking yield depends on the ability of the protein matrix to stabilize both fat 
and water molecules [5]. The lowest cooking yield was observed in C treatment and higher cooking 
yields were found when beef fat was replaced with PSO/W (p<0.05). The higher protein content of 
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P25 and P50 treatments could be the reason for their higher cooking yields and more stable emulsions, 
since more protein could have entrapped water and fat molecules in the system. It is well-known that 
emulsifiers are amphiphilic in their native state in emulsions because of their hydrophilic and 
hydrophobic interactions [21]. Another reason for the lower TEF% values and higher cooking yields 
in P25 and P50 formulations may be due to the amphiphilic properties of egg white powder in PSO/W. 

Table 4. TBA values of MSME treatments during storage (mg malondialdehyde/kg product). 

 Day 0 Day 1 Day 4 

C 0.63±0.02a,X 0.61±0.02a,X 0.69±0.02a,Y 

P25 0.52±0.01b,X 0.48±0.01b,Z 0.63±0.02b,X 

P50 0.47±0.02c,X 0.49±0.01b,X 0.34±0.03c,Y 

Data are presented as the mean values of 3 replications ± SD.  
abc: Means with different letters in the same column are significantly different (p≤0.05). 
XYZ: Means with different letters in the same row are significantly different (p≤0.05). 

 

Lipid oxidation can have negative effects on the quality of meat and meat products since they can 
cause sensory attribute (color, texture, odor and flavor) and nutritional quality changes. TBA values of 
MSME treatments during 4-days storage are shown in table 4. The oxidative status of MSME is 
strongly influenced by the type of fat/oil used in the formulation. The lower TBA values were found 
when beef fat was replaced with PSO/W (p<0.05) and this trend was observed during the storage 
period (p<0.05). The lower TBA values in P25 and P50 could be the result of adding pre-emulsion, 
which provided a protective effect from lipid oxidation and also added an oil with antioxidant 
properties to the formulations [22]. There was a slight decrement in TBA values of P50 treatment on 
day 4, probably due to the result of decomposition of malondialdehydes by bacterial processes [23,24] 
or further oxidation of malondialdehydes to other products [25,26]. Although the highest TBA values 
were found in C treatment during storage, these oxidation values were below 1.0 (mg 
malondialdehyde/kg product), which is the accepted limit for rancidity in meat products [27,28]. 

4. Conclusion 
The results of this study indicated that replacement of beef fat with pumpkin seed oil-in-water 
emulsions significantly affected chemical composition and pH values of raw and cooked MSME 
treatments. PSO/W addition to the formulations resulted lower total expressible fluid values, higher 
cooking yield and higher oxidative stability during storage. Our study showed that meat products with 
a healthier lipid profile could be manufactured by using pumpkin seed oil in pre-emulsions. 
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Abstract. The aim of this study was to determine the content of 13 polycyclic aromatic 
hydrocarbons (acenaphthylene, fluorene, phenanthrene, anthracene, pyrene, benz[a]anthracene, 
chrysene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[a]pyrene, indeno[1,2,3-
cd]pyrene, dibenz[a,h]anthracene and benzo[ghi]perylene) the from Environmental Protection 
Agency list (US-EPA PAH) in traditional dry fermented sausage Petrovská klobása. Sausages 
were smoked in traditional conditions and samples for analyses were taken on day 0 of 
production (0), at the end of drying (T1) and at the end of the storage period (T2). 
The highest total content of 13 US-EPA PAHs was determined in sausages at the end of the 
storage period (73.5 μg/kg). Phenanthrene was the most abundant of the PAHs in all examined 
sausage samples (0-4.90 μg/kg; T1-18.0 μg/kg and T2-26.3 μg/kg). Benzo[a]pyrene, with a 
maximum allowed content in smoked meat products of 2 µg/kg (EC No. 835/2011), was below 
the limit of detection in all examined samples. Also, PAH4 (the total content of 
benz[a]anthracene, chrysene, benzo[b]fluoranthene and benzo[a]pyrene) with a maximum 
allowed content in smoked meat products of 12 µg/kg (EC No. 835/2011), was below the limit 
of detection in all examined sausage samples. According to the results obtained in this study, 
and in regard to the European regulation on PAHs content, the dry fermented sausage 
Petrovská klobása, smoked in traditional conditions, was safe for consumers. 

 

1. Introduction 
Petrovská klobása is traditional dry fermented sausage from Bački Petrovac in the north of Serbia. It is 
produced in the traditional manner without additives and starter cultures. This product is protected 
with designation of origin (PDO) according to Serbian legislation because of its specific and 
distinctive quality. Its intense red colour is one of the essential features which differentiate it from 
other products of the same type. This colour is formed thanks to the use of red paprika and a unique 
smoking process (usage of specific types of wood, a mixture of cherry and apricot) [1, 2]. 

The traditional smoking process gives a special colour, taste and aroma to Petrovská klobása [2], 
but incomplete wood combustion during this process can produce considerable amounts of polycyclic 
aromatic hydrocarbons – PAHs. PAHs are a group of organic compounds, consisting of two or more 
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condensed aromatic rings, and which may be regarded as potentially genotoxic and carcinogenic to 
humans [3, 4, 5]. The PAH content in smoked meat products depends on meat products characteristics 
and factors related to the smoking process such as direct (traditional conditions) or indirect methods 
(industrial conditions) [6, 7]. Reports which show that concentrations of PAH in traditional smoked 
meat products can reach high levels have, in recent years, prompted considerable interest in PAH 
quantification and control [2, 8, 9]. 

Thus, the aim of this study was to determine the effects of smoking in traditional conditions on the 
content of 13 PAHs (acenaphthylene - Acy, fluorine - Fln, phenanthrene - Phe, anthracene - Ant, 
pyrene - Pyr, benz[a] anthracene – BaA, chrysene - CHR, benzo[b]fluoranthene - BbF, benzo[k] 
fluoranthene - BkF, benzo[a]pyrene - BaP, indeno[1,2,3-cd]pyrene - IcP, dibenz[a,h]anthracene - DhA 
and benzo[ghi]perylene – BgP) from the Environmental Protection Agency list (US-EPA PAHs) in 
Petrovská klobása. 

2. Materials and Methods 

2.1. Sausage production 
The materials used in this study were dry fermented sausages (Petrovská klobása). The basic 
formulation of sausage mixture for Petrovská klobása was lean pork meat (80%) and pork fat (20 %). 
Other ingredients were added to the pork meat and fat – red hot paprika powder, salt, garlic, caraway, 
sugar – and then the mixture was mixed mechanically. Raw sausage mixture was stuffed into collagen 
casings (500 mm long; 55 mm in diameter). After a rest day, sausages were smoked in traditional 
conditions. 

During smoking in traditional conditions, smoke was produced by the combustion of sweet cherry 
and apricot wood. Sausages came in direct contact with the smoke (direct smoking), with distance of 3 
m between fire and sausages. The smoking process lasted for 10 days, with pauses. Temperature and 
humidity were not controlled, but were influenced by outdoor conditions. Temperature was from 1.8 
to 15.6°C (average 8.69°C) and relative humidity was from 54.4 to 95.5% (average 74.4%). The 
smoking process was followed by drying and ripening, which were conducted in order to reach a 
sausage moisture content lower than 35% (about 60 days). After drying, sausages were stored under 
controlled conditions (temperature and relative humidity) in industrial chamber, until day 270. 

Samples for analyses were taken at day 0 day of production (control – 0), at the end of drying (T1) 
and at the end of storage (T2). All determinations were made in three samples. 

2.2. PAH determination  
The analysis of PAH was carried out on a GC 6890N gas chromatograph coupled to a MS 5975 mass 
spectrometer (Agilent, Palo Alto, CA, USA). Chromatographic conditions and PAH standard 
preparation were performed according to Škaljac et al. [2]. 

2.3. Statistical analysis  
All data are presented as mean, standard deviation (SD) and range. Data were analysed statistically 
with one way ANOVA and post-hoc test (DUNCAN’S test). Differences were considered significant 
at P < 0.05. Statistical analysis was conducted using STATISTICA software version 13.2. 
 

3. Results and Discussion 
The PAH (μg/kg) contents of Petrovská klobása sausages smoked in traditional conditions are 
presented in table 1. The PAHs determined in raw sausage mixture before smoking (day 0 of 
production) were Acy, Fln and Phe, while other investigated PAHs were below the limit of detection. 
Roseiro et al. [4] reported that in raw sausage mixture, over 99% of the total PAHs were light PAHs 
(Naph, Ace, Ant, Fln and Phe). These findings were consistent with the results in our study. Roseiro et 
al. [4] reported higher value of Σ16 US-EPA PAHs (250.33 μg/kg dry matter) in Portuguese raw 
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sausages, compared to values obtained in our study (Σ13 US-EPA PAHs - 9.57 μg/kg; i.e. 21.7 μg/kg 
dry matter), but Martorell et al. [10] reported lower value of Σ16 US-EPA PAHs in fresh meat 
sausages (1.25 μg/kg). 

At the end of the drying period (day 60 of production), higher PAH content was determined in the 
Petrovská klobása compared to those levels determined in raw sausage mixture. The PAH determined 
in sausages at the end of the drying period were Acy (9.80 μg/kg), Fln (11.1 μg/kg), Phe (18.0 μg/kg), 
Ant (5.35 μg/kg) and Pyr (2.27 μg/kg), while other investigated PAH were below the limit of detection 
(table 1). The most abundant PAH in sausage samples was Phe, which was in accordance with the 
levels in other dry fermented sausages [11]. BaP, as well as PAH4 (BaA, BbF, BaP and CHR), with 
maximum contents in smoked meat products being set by European Commission Regulation (2 µg/kg 
and 12 µg/kg, respectively), were below the limit of detection in all examined samples of Petrovská 
klobása at the end of the drying period (table 1). From the point of view of PAH content, the results 
obtained in this study confirmed the safety of Petrovská klobása smoked in traditional conditions. 
 

Table 1. Content of 13 US-EPA polycyclic aromatic hydrocarbons (μg/kg) in Petrovská klobása 
smoked in traditional conditions.  

Polycyclic aromatic hydrocarbons 0 T1 T2 

Acenaphthylene Acy 2.57a ± 0.35 9.80b ± 0.10 21.8c ± 1.85 
Fluorene Fln  2.10a ± 0.30 11.1b ± 0.10 13.0c ± 0.65 
Phenanthrene Phe 4.90a ± 0.50 18.0b ± 1.40 26.3c ± 2.60 
Anthracene Ant nd 5.35a ± 0.55 12.5b ± 0.40 
Pyrene Pyr nd 2.27 ± 0.06 nd 
Benz[a]anthracene BaA nd nd nd 
Chrysene  BbF  nd nd nd 
Benzo[b]fluoranthene  BkF  nd nd nd 
Benzo[k]fluoranthene  BaP  nd nd nd 
Benzo[a]pyrene CHR nd nd nd 
Indeno[1,2,3-
cd]pyrene  

IcP nd nd nd 

Dibenz[a,h]anthracene DhA nd nd nd 
Benzo[ghi]perylene BgP nd nd nd 
Σ EU PAH41  nd nd nd 
Σ 13 US-EPA PAHs  9.57a ±1.15 46.52b ±0.80 73.50c ±4.20 
In the same row, different letters means that values are significantly different (P < 0.05). 
nd - not detected 
Results are expressed as means ± standard deviations 
1BaA, CHR, BbF and BaP; 
 
During storage, the PAH content increases because PAH from casings penetrate into the sausages and 
because of further drying of sausages [2, 6, 12]. On the other hand, during storage, some decrease in 
PAH content is also expected, caused by light decomposition and interaction with other components of 
the formulation [13, 14]. Thus, in this study, PAH contents were also determined in Petrovská klobása 
sausages at the end of the storage period (day 270 of production). The content of 13 US-EPA PAHs in 
Petrovská klobása sausages smoked in traditional conditions at the end of the storage period (day 270 
of production) are presented in table 1. The PAHs determined in sausage samples were Acy (21.8 
μg/kg), Fln (13.0 μg/kg), Phe (26.3 μg/kg) and Ant (12.5 μg/kg). Other investigated PAHs were below 
the limit of detection. At the end of the storage period, contents of detectable PAHs in sausages were 
significantly (P<0.05) higher than their contents at the end of the drying process. This phenomenon 
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was mainly caused by further drying of sausages during the storage period [2]. Results of this study 
show that at the end of drying and at the end of storage, the total content of ∑13 US-EPA PAHs was 
lower compared with content of most other traditional dry fermented sausages [4, 7, 11, 15, 16], but 
higher compared with Androlla (36.45 μg/kg) and Botillo (29.39 μg/kg) dry fermented sausages from 
Spain [17]. Those authors found that the content of ∑16 US-EPA PAHs ranged from 36.45 to 2609.81 
μg/kg in traditional dry fermented sausages from Portugal, Spain and Serbia [17]. Results presented in 
our study show that the process of smoking and drying in traditional conditions proceeded correctly 
and provided low content of PAH in Petrovská klobása. 

4. Conclusion 
BaP, as well as PAH4 were below the limit of detection in all examined samples of Petrovská klobása 
smoked in traditional conditions. According to the results obtained in this study and with regard to the 
European regulation on PAH content, the dry fermented sausage Petrovská klobása, smoked in 
traditional conditions was safe for consumers. 
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Abstract. Technological factors significantly affect the rate of hydrolytic and oxidative 
changes in fat. The aim of the research was to study the effect of sodium chloride on hydrolysis 
and oxidation of fat raw material, including the impact of thermal treatment. Back fat was 
minced, sodium chloride was added (in amounts of 0.0, 2.0, 3.5 or 5.0%), then it was thermally 
treated or not. Determination of the acid value (AV) was carried out by titration with aqueous 
potassium hydroxide of free fatty acids in the ether-alcohol solution of back fat; the peroxide 
value (PV) was based on oxidation of iodhydric acid with peroxides contained in fat followed 
by titration of released iodine with sodium thiosulphate. The thiobarbituric acid value (TBAV) 
was determined by the development of stained substances due to interaction of fat oxidation 
products with 2-thiobarbituric acid and measurement of color intensity using a 
spectrophotometer. Adding 5.0% sodium chloride to back fat led to a 30.1% decrease in AV. 
Addition of 2.0% sodium chloride inhibited the development of the oxidation products and led 
to a 17% decrease in the PV and to a 25% decrease in TBAV (р<0.05). In the presence of 5.0% 
sodium chloride, the secondary oxidation products significantly increased by 34.1% (р<0.05) 
and 24.3% (р<0.05) on days 1 and 3 of storage, respectively. Thermal treatment mitigated the 
effect of sodium chloride on the indicators of hydrolytic and oxidative spoilage (р>0.05). The 
results obtained showed an ambiguous effect of sodium chloride on the processes of fat 
oxidation, depending on dosage and the use of thermal treatment, justifying the necessity to 
develop approaches that allow reduction of the sodium chloride content in meat products that 
are not subjected to thermal treatment. 

1. Introduction 
Non-meat ingredients in formulations that are used for formation of the necessary technological 
properties of meat and organoleptic characteristics of finished products play an important role in the 
development of hydrolysis and oxidation products. Table salt is an essential component in all types of 
meat products and its effect on the oxidative changes in fats is quite considerable. Despite a large 
number of studies on safety and quality formation in meat products in the process of salting, available 
literature data regarding the effect of table salt on the mechanism of oxidative processes are rather 
controversial. According to some data, sodium chloride has an anti-oxidative effect [1] or has no effect 
on the fat chemical properties [2], while other studies demonstrate the pro-oxidative effects [3-5] of 
table salt. Inconsistency of data concerning the effect of salt on the chemical changes in lipids, 
apparently, can be explained by differences in selection of subjects of research, which, as a rule, are 
various types of meat with different meat tissue content and, consequently, with different water 
content, as well as finished products produced with various types of technological treatment. 

http://creativecommons.org/licenses/by/3.0


2

1234567890

59th International Meat Industry Conference MEATCON2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 85 (2017) 012047    doi   :10.1088/1755-1315/85/1/012047

 
 
 
 
 
 

Changes in fat during storage are commonly measured using three parameters. The acid value (AV) 
of fat characterizes the depth of the hydrolytic degradation of fats and when studying back fat during 
storage, it is an indicator of the oxidative spoilage along with the peroxide value (PV), which indicates 
the degree of the fat oxidative spoilage. The thiobarbituric acid value (TBAV) assesses accumulation 
of secondary fat oxidation products (aldehydes). 

An example of a sodium chloride effect is modification of heme of muscle tissue proteins, which 
catalyzes lipid oxidation. With a complex substrate such as meat or fat and in the process of salting, 
the number of factors that can have a considerable effect on fat hydrolysis and oxidation is significant, 
and these processes can occur as a consequence of only indirect effects of sodium chloride on fats. 
Thus, to fully understand the mechanisms of how salt affects the development of products of oxidative 
spoilage, it is necessary to individually consider potential factors that influence the character of the 
table salt effect on fat oxidation, including salt dose, type of thermal treatment and absence/presence 
of meat tissue. In this connection, the aim of this research was to study the effect of different sodium 
chloride doses on the hydrolytic and oxidative changes in back fat before and after thermal treatment. 
 
2. Materials and Methods 
Samples of pork back fat (2nd class) from 2-year-old Large White pigs were comminuted in a grinder 
with a 3 mm grind plate, and sodium chloride (0.0, 2.0, 3.5 or 5.0 %) was added. Salted back fat was 
thermally treated or not, and stored at 4±2°С for 1 and 3 days.  
The AV was determined by titration of free fatty acids in an ether-alcohol solution of fat with an 
aqueous solution of KOH; PV was measured by oxidation of iodhydric acid with peroxides contained 
in the fat followed by titration of released iodine with sodium thiosulphate. Determination of TBAV 
was by development of stained substances due to interaction of fat oxidation products with 2-
thiobarbituric acid; color intensity was measured spectrophotometrically. 

3. Results and Discussion 
Sodium chloride concentration had an ambiguous effect on the rate of fat hydrolysis and oxidation 
product formation (figure 1). Back fat with 2.0% table salt showed a 20.6% decrease in AV by day 3 
of storage; when the salt dose was 5.0%, the AV reduced by 30.1% compared to unsalted back fat 
(р<0.05), apparently, due to a water activity decrease caused by the amount of sodium chloride, which 
facilitated a retardation of hydrolytic changes in the fat. With that, thermal treatment mitigated the 
effect of table salt on the AV (р<0.05) compared to unsalted back fat (figure 2). 
 

0,00

0,50

1,00

1,50

2,00

2,50

0,0 2,0 3,5 5,0

A
ci

d 
va

lu
e,

 m
g
К
О
Н

/g
 o

f f
at

Sodium chloride dose, %

1 day 3 days
 

Figure 1. Effect of sodium chloride dose on the acid value of back fat during storage. 
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Figure 2. Effect of sodium chloride dose on the acid value of back fat after thermal treatment. 
 
However, the same trends were not observed when PV (figures 3 and 4) or TBAV (figures 5 and 6) 
were used to assess primary or secondary oxidative spoilage of the salted back fat. 
 

 

Figure 3. Effect of sodium chloride dose on the peroxide value of back fat during storage. 

When 2.0 % table salt was added to back fat, the indicators of oxidative spoilage decreased on day 3 
by 17% for PV and by 25 % for TBAV, compared with unsalted back fat.  

An increase in the sodium chloride dose up to 3.5 % did not significantly affect the PV (р>0.05) 
compared with control back fat (figure 3). With that, as a result of thermal treatment, the PV (an 
indicator of oxidative spoilage) decreased by 11.1-31.1 % and 15.1-20.7 % depending on the sodium 
chloride dose on days 1 and 3 of storage, respectively. Moreover, as a result of thermal treatment, the 
effect of table salt on the hydrolytic and oxidative changes in the back fat decreased. 
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Figure 4. Effect of sodium chloride dose on the peroxide value of back fat after thermal treatment. 

 

 

Figure 5. Effect of sodium chloride dose on the thiobarbituric acid value of back fat during storage. 

Up to 3.5% salt did not significantly affect the formation of secondary oxidation products in back 
fat after 1 day of storage (р>0.05), as shown by TBAVs measured (figure 5). However, after 3 days of 
storage, a 25% decrease in the TBAV (р<0.05) was observed in the presence of 2.0 % of table salt. An 
increase in the sodium chloride dose up to 3.5 % did not significantly change the oxidation rate, since 
the TBAV was similar to that of fat with 2.0% added salt. However, when 5.0% salt was added, a 
substantial increase in the oxidation products, as measured by TBAV, occurred (34.1 %, р<0.05, and 
24.3 %, р<0.05 on days 1 and 3 of storage, respectively). As a result of the thermal treatment, the 
TBAV decreased by 5.2-6.3 % (р<0.05) and 14.7-24.9 % (р<0.05) after 1 and 3 days of storage, 
respectively. 
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Figure 6. Effect of sodium chloride dose on the thiobarbituric acid value of back fat after thermal 

treatment. 
 
The data obtained are consistent with the results of a previous study on the effect of salts on the 

qualitative composition of volatile substances that are formed in back fat in the process of salting. For 
example, addition of sodium chloride at levels of 2.0 and 3.5% inhibited the oxidative changes in 
polyunsaturated fatty acids compared to an unsalted sample. However, an increase in the table salt 
dose up to 5.0% facilitated an increase in the amount of saturated fatty acids formed due to oxidation 
of unsaturated acids. This tendency was characteristic both for volatile and etherified fatty acids. It 
was established that back fat salted with 2.0 and 3.5% table salt produced lower levels of secondary 
oxidation products. However, sodium chloride in higher doses acted as a pro-oxidant, initiating 
oxidation of fatty acids to form carbonyl compounds as well as the products from fatty acid interaction 
with ammonia, hydrogen sulfide and other substances that are formed as a result of amino acid 
breakdown [6]. 

 
4. Conclusion 
This study has contributed to our understanding of the ambiguous effect of sodium chloride on the 
hydrolytic and oxidative changes of salted back fat. Based on the results obtained, it can be concluded 
that addition of up to 2.0% table salt to back fat facilitates retardation of fat’s hydrolytic and oxidative 
changes. However, sodium chloride in high doses acts as a catalytic agent for fat’s oxidative changes. 
With that, thermal treatment mitigated the negative effect of table salt on fat oxidation. Since 
decreasing the amount of table salt in meat products will lead to deterioration of their taste and 
technological characteristics, it is necessary to use approaches that lessen these changes. First of all, 
the anti-oxidative protection of meat raw materials should be increased by the additional use of 
antioxidants for meat products with a high salt content that are not subjected to thermal treatment 
(uncooked smoked and air-dried meat products). Secondly, technological recommendations on varying 
sodium chloride content due to the use of salt substitutes in meat products must be developed. 
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Abstract. Fats in animal and human nutrition are a common subject of research. These studies 
most often pay attention to particular fat groups (saturated, unsaturated, polyunsaturated fats or 
fats grouped by the length of their fatty acid chains into short, medium or long chain fatty 
acids). Medium chain fatty acids (MCFAs) have two main sources: milk and coconut oil. To 
date, research has shown these acids have positive effects on health, production, feed 
digestibility and lower body and muscle fats in broilers and swine. MCFAs possess 
antibacterial, anticoccidial and antiviral effects. Also, it has been proven that these acids act 
synergistically if they are used together with organic acids, essential oils, or probiotics. 
Nowadays, commercial MCFA products are available for use in animal nutrition as feed 
additives. 

1.  Introduction 
In recent years, replacing antibiotics in animal feedstuffs with biologically active substances has 
become a very current topic. The trend of banning the use of antibiotics, coccidiostats and other 
medical growth promoters in animal feedstuffs has developed because of fears these compounds 
contribute to the spread of bacterial resistance. Removing antibiotics from feedstuffs, after they were 
banned by the European Union (EU) in 2006, has put great pressure on livestock producers to find 
alternatives to antibiotics. Hence, modern feedstuff production is based on adding bioactive 
ingredients to feed, which should reduce the need for antibiotics and other medication, and positively 
influence animal health and welfare. In intensive breeding systems, these ingredients also reduce the 
negative influence of stress factors from the environment on animal immune systems and on animal 
production parameters. Consequently, in animal nutrition, more attention is now focused on 
competitive exclusion, probiotics, prebiotics, antibacterial peptides, yeasts and other additives. These 
additives also include medium chain fatty acids (MCFAs), which can be used in broiler and piglet 
nutrition. A variety of commercial MCFA products are already available on the market [1,2]. 

The structure of fat tissue of monogastric animals (pigs, poultry) is very similar to the fat structure 
of the feedstuffs on which the animals are fed. This means that source and type of fat in an animal feed 
can greatly influence the composition of fatty tissue and deposits in the resultant carcasses [3,4,5]. 
Nowadays, the EU policy of food modification is transferring from large-scale, cheap production to 
more expensive production, but hopefully with safer final food products. Clearly, the topic of modern 
animal feed additives is extremely relevant for the health and well-being of human consumers of the 
resultant meats. 

http://creativecommons.org/licenses/by/3.0
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2.  Fat and fatty acids in human and animal diets 
The term fats and oils, regardless of the animal or vegetable origin of these compounds, is a synonym 
for lipids that are used in human and animal nutrition. Besides their importance in body energy 
systems (they are both a source and a storage means of energy), they induce better resorption of 
liposoluble vitamins, slow down food passage through the intestine and, therefore, enable better 
exploitation of the food. They also increase the efficiency of energy consumption, as well as 
acceptability of the food. The energy value of the fats and oils in food and feed depends on numerous 
contributors, such as length of the carbon chain, specific organization of saturated and unsaturated 
fatty acids in the glycerol molecule, structure of free fatty acids, structure of the food/feed, amounts 
and types of triglycerides added to food/feed, and the intestinal flora, species, sex and age of the 
human/animal [6]. 

Fatty acids are variable by the chain length and degree of saturation. Chain length can vary from 2 
to 40 carbon atoms, but the most common fatty acids contain 12 to 22 C atoms. Fatty acids are 
commonly categorized as short chain (SCFA; up to 4 C), medium chain (MCFA; from 6 to 12 C) and 
long chain (LCFA; more then 12 C). Additionally, they are categorized by the number of double bonds 
they contain; saturated fatty acids (SFA) have no double bonds in their fatty acid chain; 
monounsaturated fatty acids (MUFA) have one double bond in their fatty acid chain, and; 
polyunsaturated fatty acids (PUFA) have more than one double bond in their fatty acid chain. MCFA 
are a group of fatty acids with 6 to 12 C atoms obtained from edible fats such as coconut oil and milk 
fat by lipid fraction separation. Commercial MCFA products usually have 8 to 10 C atoms [7].  

Differences in fat structure between MCFA and LCFA influences molecule size and water 
solubility, and also can result in differences during digestion, absorption and transportation of these 
fats in tissues and organs. Long term usage of MCFA in livestock feedstuffs, because of differences in 
the energy ratio between MCFA and LCFA and differing effects the two fat types have on intake, 
transport and efficiency of utilization, can influence the energy balance in animals [8,9]. Among the 
differences observed between MCFA and LCFA in animal feeds, these two types of fatty acids, 
according to their chain length and degree of saturation, must pass different metabolic pathways.  

Fatty acid metabolic differences between the two fat types begin in the digestive tract, where 
MFCA is absorbed more efficiently then LCFA. Pigs can partly absorb MCFA via their stomachs. 
Medium chain triglycerides from MCFAs (MCTs) can be absorbed by intestinal enterocytes, after 
which they are hydrolyzed by the microsomal lipase. Compared with LCFA, MCFAs undergo simpler 
degradation to fatty acid and glycerol with help of pancreas lipase, after which they are absorbed via 
the portal circulation and transported to the liver where they undergo fast oxidation. LCFAs, as 
chylomicrons, are transported by the lymphatic system [10]. However, MCFAs are mostly saturated 
fatty acids, so they have great oxygenic stability, much higher so than LCFAs. This difference in the 
structure between LCFAs and MCFAs is reflected in the biological processes utilizing them. There are 
also differences in ketogenic and lipogenic capacity for these two groups of fatty acids. MCFA enter 
the mitochondria independently of the carnitine transport system and undergo preferential oxidation. 
Variations in ketogenic and lipogenic capacity also exist  [8,11].  

Alongside their energy value, bioactive fatty acids such as MFCAs, linoleic acid (C18:2) and 
linolenic acid (18:3) (these latter two fatty acids are categorized as essential fatty acids) have 
significant influence on human and animal health [12]. The most frequently mentioned characteristic 
of MCFAs is their ability to reduce obesity and fat tissue. This effect first was proven in rats, pigs and 
broilers [13,14,15]. The antidiabetic influence of MCFAs on humans with diabetes type 2 has only 
rarely been discussed [16]. MCFAs as sources of energy are poorly stored in subcutaneous fat tissue of 
humans, rats, broilers and pigs. In broilers and especially in pigs, this has special meaning because 
carcasses with less fat have higher commercial value, and this kind of meat is more in demand by 
consumers. In broiler meat, the presence of C6:0 has not been proven, but the content of C10:0 was 
higher than of C8:0. The content of C10:0 and C8:0 in chicken leg muscle and breast meat increased 
with increasing percentage of this fatty acid in feed for broilers [16].  
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In modern pig production, piglets are weaned and start to eat feed when they are between 15 and 28 
days old. Feed consumption data indicated that digestive tracts of such young piglets are not yet 
developed, so they cannot use all the nutrition available from feed [17]. This low intake causes poor 
energy intake which negatively influences growth and development of the piglets. Digestibility of 
LCFAs is decreased by 65% to 80% in these young piglets compared with older animals, as result of 
low pancreas and intestinal lipase activity, which causes insufficient fat absorption from the digestive 
system. Also, in this period of life, piglets cannot synthesize enough carnitine, which has an important 
negative influence on transportation of LCFAs into mitochondria for energy production [18]. 
Moreover, unsaturated bonds in LCFAs can be damaged by free radicals, which can cause cascade 
damage to endogenous lipids and peroxide occurrence [19]. However, MFCA is a good supplement 
for weaned piglets. Individually, MCFAs have an unacceptable odor, and so their triacylglycerols 
(medium chain triacylglycerols; MCTs) have usually been added to feed for animals [20]. Effects 
MCTs, or MCFA, or mixtures of two or all four important MCFAs (caproic acid (C6), caprylic acid 
(C8), capric acid (C10) and lauric acid (C12)) as supplements for growing piglets depend on the 
amount added. The life stage when piglets are fed MCFA also influences piglet growth [21,22].  

Broilers, in their first days of life, have limited fat absorption and limited digestion capability, 
because of their low amounts of synthesized bile salt and lipase. In young individuals, fat digestibility 
is 6% less then in adult birds [23], but the young animals have far better ability to digest PUFA [22]. 
MCFAs have specific nutritive value and metabolic and antibacterial effects in poultry [24,25,26]. In 
egg production, usage of MCFA gave better results, eggs had stronger shells, and greater egg protein 
quality (larger Haugh units), higher content of calcium, and reductions in the number of Escherichia 
coli bacteria [27] resulted. 

Pigs which have been fed with feed supplemented with MCFAs had better growth performance 
[8,28]. Digestibility of MCTs is much higher (98.5 instead 93.4%) then long chain triacylglycerols 
(LCTs) in weaned piglets. With two to five weeks of receiving MCTs, the digestive system of weaned 
piglets is fully functional for normal digestion and exploitation of nutritive components and energy 
from feed [8]. These authors showed that MCTs have a positive effect on production results, feed 
digestibility, blood plasma metabolites and antioxidant capacity of weaned piglets [8]. Digestibility of 
proteins and higher concentrations of protein in blood plasma especially stand out [8].  

3.  MCFA and microbiota of animal digestive tract 
The role of SCFAs and MCFAs in control of infection and maintenance of health and integrity of 
digestive tract was examined in broilers [28] and other animals [29]. Fatty acids are generally 
inhibitory to microorganisms, but different fatty acids have different minimum inhibitory 
concentrations (MIC), depending on the type of fatty acid, type of microorganism and environmental 
pH. Low pH increases the concentration of dissociated SCFA, which in that conformation, can pass 
into the bacterial cells where the intercellular pH is higher. This higher pH dissociates the SCFA, so 
intracellular pH decreases and subsequently changes the bacterial cell’s metabolism [29]. 

MCFAs produce a strong antibacterial effect due to the anionic part of the molecule, but how much 
effect is due to change of the bacterial pH and how much is due to influence on the metabolic level of 
the bacteria is not yet known. The anionic part of fatty acids changes the physico-chemical 
characteristics of the digestive tract environment in which the microorganisms exist, and influences 
the expression of microorganism and host genes. The molecular basis of the mechanism by which 
MCFA decrease numbers of Salmonella spp., Clostridium spp. and E. coli in the digestive tract is still 
unclear, but it has been proven that MCFA decreases the number of intracellular lymphocytes in 
epithelium cells of the digestive tract [29]. Additionally, the anticoccidial properties of MCFAs have 
been proven [30,31] by studying high quality coconut oil (enhanced virgin coconut oil – EVCO) that 
contains MCFAs and their proper monoglycerides [31]. These materials also inhibited growth of both 
Gram-positive and Gram-negative bacteria and the yeast, Candida albicans [31].  

The structure of intestinal microbiota has important influences on the animal’s ability to digest feed 
properly, causing positive, negative and neutral effects [32]. Modification of gastrointestinal 
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microbiota reduced colonization of the animals with pathogenic microorganisms, which can have a big 
influence on intestinal wall structure [33]. For example, Uni et al. [34] established that stress (delayed 
access to feed after hatching, exposure to bacteria, etc.) is related to changes in intestinal morphology, 
such as shorter intestinal villus cells and depth crypts. The immune system of newly-hatched chickens, 
especially the mucosal immune system, requires oral intake of feed for full and fast development.  

Hermans at al. [35] reported that usage of MCFA emulsion in drinking water for broilers decreases 
the number of Campylobacter in their digestive tracts, and posited that this may especially be due to 
the lowered possibility that water acted as a source of these pathogens. MCFA are new generation 
additives, and can be used for Salmonella control. Broilers fed with MCFAs and organic acids 
performed better then control broilers, because they had better feed digestibly and lower numbers of 
Salmonella enterica Enteritidis in the cecum [36]. Immersell et al. [37] determined that usage of 
MCFA significantly reduced the level of S. enterica Enteritidis colonization when broilers were 
infected the third day after adding MCFA in feed. Zeiger et al. [38] used lauric acid in broiler feed, 
and found statistically significantly reduced numbers of Campylobacter on the carcasses.  

4.  MCFA and synergistic effects with other feed additives 
Adding SCFA and MCFA in feed has numerous positive effects on animal health that can be seen 
when health of the animals is endangered, especially by compromised integrity of digestive tract. 
Mathis et al. [39] proved that the combination of organic acids and MCFA significantly reduced 
clinical symptoms of diseases in artificial necrotic enteritis of broilers. Almo et al. [39] showed in 
broilers infected with viral malabsorption syndrome (MAS) that adding SCFA and MCFA together in 
feed increased broiler growth and resulted bigger broiler weight at the end of the production cycle. 
How this directly impacts viruses is not known, but it is considered that SCFA and MCFA together 
have a synergistic effect on bacteria, whereby MCFA damages microorganisms’ cell walls, thus 
allowing SCFA access into the bacterial cytoplasm to produce an antibacterial effect [40]. Fat, protein 
and crude fiber digestibility can be improved if MCFA is used with selected organic acids (propionic, 
fumaric). This combination increases intestinal villi and crypt depths but does not affect villus width, 
so the ratio between villus height and crypt depth is more favorable. Use of MCFA (C6 and C8) and 
plant extracts (thymol, cinnamon oil, eucalyptus oil) in turkey nutrition increased bird weight after 15 
weeks of fattening and did not influence total feed intake, but caused better feed conversion [41]. 
Adding MCFA to animal feed can be used in parallel with probiotics (e.g. Enterococcus faecium), 
giving weaning piglets better productivity, increased feed digestibility and changed biochemical blood 
profile (cholesterol, triglyceride, glucose, creatinine) [42]. The authors stressed that MCFA and 
probiotic together had a synergistic effect on piglet nutrition, and this effect should be an effective 
replacement for antibiotics [42]. Zeits et al. [43] used a different ratio of C12 and C14 in broiler 
nutrition. They did not measure any differences in microbiota, intestine morphology, or fat or 
cholesterol content in meat or liver, but adding MCFA had a positive effect on feed conversion and 
pectoral weight of broilers [43]. Using SCFA and MCFA in parallel in broiler nutrition had a positive 
effect on health and production results (live weight, weight of pectoral muscle, growth, feed intake and 
digestibility) [43]. The parallel use of MCFA and coccidiostats positively influenced production 
results in broilers (weight at the end of the production cycle, body weight, feed intake, growth, 
conversion) [44]. 
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Abstract. This study assessed the effects of transportation and lairage time and their 
interaction on welfare, carcass and meat quality traits in slaughter pigs under commercial 
conditions. The study was conducted on 120 pigs with a live weight of approximately 115 kg 
and about six months old. A complete blood picture was measured in pigs to assess pre-
slaughter stress. Also, nine different carcass quality parameters including live weight, hot and 
cold carcass weights, cooling loss, dressing percentage, backfat thickness, meatiness and skin 
lesions score were measured. The pH and temperature measurements were performed 45 
minutes post-mortem. The results showed that short transportation time and slaughtering 
without lairaging and long transportation time and overnight lairaging negatively influenced 
the hematological parameters, which meant that the animal welfare was seriously compromised 
under these pre-slaughter conditions. Long transportation time and overnight lairaging reduced 
live and carcass weights and increased the incidence of skin lesions on the carcass and DFD 
pork. In addition, short transportation time and slaughtering without lairaging caused a 
significant deterioration in pork quality. It can be concluded that, from the standpoint of animal 
welfare, carcass and meat quality, the above-mentioned pre-slaughter conditions are not 
recommended to the farmers and/or pork producers. 

1.  Introduction 
Pre-slaughter treatment is the major research topic in animal science since it is closely connected to 
animal welfare, as well as carcass and meat quality. Assessment of pig welfare status on the day of 
slaughter is of paramount importance to ensure high pork quality while maintaining the well-being of 
the animals [1]. On the day of slaughter, several practices have considerable effects on pig welfare and 
subsequently on carcass and pork quality, such as feeding, slaughter weight, gender, handling during 
loading or unloading, mixing pigs from different pens, stocking density and time of transportation and 
lairaging, feed and water withdrawal and the season of slaughter [1-6]. Research findings showed that 
transportation and lairage time are the two key factors of all pre-slaughter practices that can adversely 
affect the animal welfare, carcass and pork quality [7-11]. It has been reported that longer 
transportation (>3 h) results in a higher risk for producing dark, firm and dry (DFD) pork, while pigs 
subjected to short transportation (˂15 min) are more prone to produce pale, soft and exudative (PSE) 
pork [8]. Furthermore, lairaging shorter than one hour is known to result in a higher occurrence of PSE 
meat, while when pigs were subjected to overnight lairaging, carcass weight, backfat thickness and 
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meat temperature were reduced [6]. Also, overnight lairaging poses a higher risk for developing DFD 
pork and skin lesions on the carcass [11]. Therefore, the aim of this study was to determine the effects 
of transportation and lairage time and their interaction on welfare indicators, carcass and meat quality 
traits under commercial conditions. 

2.  Materials and Methods 

2.1.  Animals, pre-slaughter handling and slaughter procedure 
A total of 120 slaughter pigs with average live weight (LW) of approximately 115 kg and about six 
months old was evaluated. All the animals were of the same breed (Yorkshire x Landrace crossbreeds) 
and originated from the same farm. The pigs were raised in a finishing piggery on a completely-slotted 
floor, in groups of 20 animals per pen with an average stocking density of 1 m2 per pig. During the 
fattening period, food and water were available ad libitum at nipple drinkers and food dispensers. 
Before transportation, feed and water were not withdrawn. Once loading was finished, the pigs were 
transported to the same slaughterhouse for less than one hour or more than two hours. Since the 
information was collected under commercial transport conditions scheduled to pick up animals at 
several production sites every day, transportation time differed between groups of pigs. Depending on 
the dynamics of slaughter, the pigs were slaughtered immediately after unloading, or they were held in 
a lairage overnight and slaughtered the following morning. Lairage density was 0.65 m2 per pig. 
During the period of lairaging, water was provided, but no food. At the end of the lairaging period, the 
pigs were head-only electrically stunned in batches of six animals without restraining. Following 
bleeding, the carcasses were processed using conventional practice. 

2.2.  Welfare indicators 
Immediately after the onset of bleeding, blood samples were collected from each pig. They were kept 
refrigerated (4°C) until being processed immediately on arrival at the laboratory. The vacutainers (2 
mL) coated with EDTA were used to measure hematological parameters including white blood cells 
(WBC), lymphocytes (LYM), middle-sized cells (monocytes, eosinophils, basophils) (MID), 
neutrophils (NEUT), red blood cells (RBC), red cell distribution width (RDW), hemoglobin (HGB), 
hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean 
corpuscular hemoglobin concentration (MCHC) and platelet count (PLT). The proportions of 
lymphocytes (LYM%), middle-sized cells (MID%) and neutrophils (NEUT%) were calculated as a 
percentage of leukocyte concentration on the same device. The indicators of the hematological profile 
were analyzed by an automatic hematological analyzer Abacus junior vet (Diatron MI PLC, Hungary). 
Blood glucose (GLUC) levels were measured using a handheld devices analyzer (Gluco Sure Auto 
Code, ApexBio, Taiwan). 

2.3.  Carcass and meat quality analyses 
The carcasses were weighed immediately after splitting and final washing to obtain the hot carcass 
weight (HCW), and re-weighed 24 hours after chilling at 4°C to determine the weight of the cooled 
carcass (CCW). Cooling loss (CL) was calculated based on the difference between the hot and cold 
carcass weights, expressed as a percentage of the hot carcass weight. The dressing percentage (DP) 
was calculated as: (hot carcass weight ÷ live weight) x 100. Carcass backfat thickness was measured 
with a metal ruler at two points (between the 13th and 15th dorsal vertebrae and over M. gluteus 
medius). Meatiness (in percentages) (M) was calculated according to the Official Gazette [12] based 
on hot carcass weight and the sum of carcass fat thickness on the back (FTB) and at the sacrum (FTS). 
Skin lesions (SLC) on the left side of pigs’ carcasses were visually assessed 45 minutes post-mortem 
according to the Welfare Quality® protocol [13]. The carcasses were divided into the following 
regions: i) ears; ii) front part of the carcass (from the head to the end of the shoulder); iii) middle part 
of the carcass (from the end of the shoulder to the rear part of the carcass); iv) rear part of the carcass; 
and v) limbs (from the accessory digit upwards). Each region of carcass was scored based on a three-
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point scale: 0) no visible skin lesions, or only one skin lesion bigger than 2 cm or skin blemishes 
smaller than 1 cm; 1) between two and 10 skin blemishes bigger than 2 cm; and 2) any wound 
penetrated into muscles or more than 10 skin blemishes larger than 2 cm. The scoring of the five 
regions of the carcass was combined into one scoring as follows: 0) all carcass regions with a score of 
0; 1) at least one carcass region with a score 1; and 2) at least one carcass region with a score 2. The 
pH and temperature of the M. longissimus dorsi were measured 45 minutes after slaughter using a pH-
meter Testo 205 (Testo AG, Lenzkirch, Germany). Pork quality classes (PSE, normal meat, DFD 
meat) were determined according to Adzitey and Nurul [14] using pH45 value. The carcasses showing 
pH45 values lower than 6.0 were classified as PSE meat, while the carcasses showing pH45 values 
higher than 6.4 were classified as DFD meat. The carcasses with pH45 between 6.0 and 6.4 were 
classified as normal pork quality. 

2.4.  Statistical analysis 
Statistical analysis of the results was conducted with SPSS software version 23.00 for Windows. The 
pigs were divided into two groups with regard to transportation time: short transportation (<1 h) and 
(n=61) and long transportation (>2 h) (n=59). According to lairage time, the pigs were allocated to two 
groups: the group of pigs slaughtered immediately after unloading (n=60) and the group of pigs 
slaughtered after overnight lairaging (n=60). Two-way ANOVA with Tukey’s multiple comparison 
test was performed to test the effect of transportation and lairage time, and their interaction on the 
welfare indicators, carcass and meat quality traits. Data were described by descriptive statistical 
parameters as the mean value and pooled standard error of means (SEM). The distribution of pork 
quality classes in relation to the transportation and lairage time were determined by Chi-square test. A 
value of P<0.05 was considered significant. 

3.  Results and Discussions 
The effects of transportation and lairage time and their interaction on welfare indicators in slaughter 
pigs can be seen in Table 1. Two-way interaction (P<0.05) between transportation and lairage time 
affected red blood cell count and hemoglobin concentration, so that, these parameters increasing 
markedly when transportation and lairage time decreased. Thus, pigs subjected to short transportation 
and slaughtered without rest had the highest red blood cell count and hemoglobin concentration 
(P<0.05). Alterations in red blood cell count, hemoglobin concentrations and hematocrit indicate a 
situation of adaptation or resistance, in which pigs, after being exposed to the stressful factors, need 
plenty of oxygen-carrying capacity of blood [2]. Therefore, when pigs encounter stress, the spleen, as 
a reservoir of red blood cells, contracts and releases erythrocytes into the circulatory system, which 
provides the muscle mass with a large number of oxygenated erythrocytes, allowing the animal 
increased physical activity [15-16]. 

Two-way interaction (P<0.05) between transportation and lairage time was found in white cell 
parameters, indicating that the number of leukocytes and lymphocytes increased as transportation and 
lairage time decreased, reaching the maximum values in pigs subjected to short transportation and 
slaughtered immediately after unloading (Table 1). Lymphocytosis and neutrophilia in stressed 
animals are associated with changes in leukocyte trafficking and release from the bone marrow after 
the endogenous secretion of epinephrine or corticosteroids from the adrenal glands [2]. In acutely 
stressed animals, epinephrine-induced changes are seen within minutes after the release, whereby 
these effects are characterized by a transient elevation in white blood cells with lymphocytosis [8-9]. 
In addition, as a result of significant two-way interaction (P<0.05) between transportation and lairage 
time, the highest blood glucose levels were found in pigs subjected to short transportation and 
slaughtered without rest (Table 1), which may be explained by catecholamine-mediated 
glycogenolysis as a response to acute stressors such as loading, transportation, unloading and short 
lairaging [17-18]. In contrast, when animals are exposed to chronic stress, high white blood cells count 
with neutrophilia and eosinopenia induced by corticosteroids is evident a few hours after the secretion 
[8-9]. Therefore, a typical response to corticosteroids with increased number of leukocytes and 
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neutrophils, as a result of significant two-way interaction (P<0.05) between transportation and lairage 
time, can be seen in pigs subjected to long transportation time and slaughtered after overnight 
lairaging (Table 1). In the present research, the results of the analyzed welfare parameters suggest that 
pigs experienced intense acute stress during shorter transport periods and slaughter immediately after 
unloading. On the other hand, pigs subjected to longer transport periods in combination with 
prolonged lairage time were under chronic stress. Therefore, it may be argued that in both cases, 
animal welfare was seriously compromised. 

 
Table 1. Mean values (±pooled SEM) of welfare indicators in slaughter pigs according to transportation time and lairage 

time (n=120) 

 Short transportation time Long transportation time 
Pooled 
SEM 

TT LT 
TT x 
LT 

Lairage time 
Immediate 
slaughter 

Overnight 
slaughter 

Immediate 
slaughter 

Overnight 
slaughter 

 Significance 

Number of pigs 41 20 19 40     
WBC (109/L) 23.44a 18.57b 15.87b 23.02a 1.96 NS NS * 
LYM (109/L) 16.83a 12.72b 10.74b 13.35b 1.51 * NS * 
MID (109/L) 0.22 0.16 0.19 0.22 0.32 NS NS NS 
NEUT (109/L) 6.37a 5.70a 4.95a 9.45b 1.48 NS * * 
LYM (%) 69.78a 70.14a 68.62ab 59.40b 5.42 * NS NS 
MID (%) 0.99 0.83 1.27 0.98 0.57 NS NS NS 
NEUT (%) 27.55a 29.03a 30.11a 39.61b 4.81 * * * 
RBC (1012/L) 8.48a 7.04b 7.30b 6.92b 0.37 * * * 
RDW (%) 20.38 20.83 20.24 20.79 0.50 NS NS NS 
HGB (g/L) 149.07a 136.75b 137.11b 129.53b 6.16 * * * 
HCT (%) 41.63a 40.07 39.55 38.39b 1.41 * NS NS 
MCV (fl) 49.66 50.15 49.89 50.48 1.34 NS NS NS 
MCH (pg) 18.05 17.86 18.13 17.93 0.41 NS NS NS 
MCHC (g/L) 359.90 358.35 360.05 360.80 3.65 NS NS NS 
PLT (109/L) 228.93 264.55 239.95 256.70 46.88 NS NS NS 
GLUC (mmol/L) 9.65a 6.73b 5.87bc 4.44c 0.94 * * * 
TT – significance of transportation time; LT – significance of lairage time; TT x LT – significance of the interaction between 
transportation and lairage time. 
* Statistical significance at (P<0.05); NS: not significant (P>0.05) 
- Different letters in the same row indicate a significant difference at P<0.05 (a-c) 
 

The effects of transportation and lairage time and their interaction on carcass and meat quality in 
slaughter pigs are shown in Table 2. Two-way interaction (P<0.05) between transportation and lairage 
time affected carcass quality traits, indicating that live, hot and cold carcass weights decreased, as 
transportation and lairage time increased, reaching the minimum values in pigs subjected to long 
transportation time and slaughtered after overnight lairaging (Table 2). The leading causes of slaughter 
and carcass weight losses are the decrease of the gastrointestinal tract weight and bladder content 
during feed and water withdrawal [19]. It has been reported that slaughter weight decreased by 100 g 
per hour over the 24 h fasting period [20]. Accordingly, it could be considered that the synergistic 
effect of feed and water deprivation, longer transportation duration and prolonged lairaging increased 
slaughter weight and carcass loss [19]. Also, pigs after long transportation and overnight lairaging had 
the highest (P<0.05) pH45 value, skin lesion score and incidence of DFD meat. This can be attributed 
to the fact that the combined effects of long-distance transportation and prolonged lairaging cause 
muscle fatigue and breakdown of glycogen, which increases the tendency towards DFD meat [7-11]. 
Likewise, it is well known that extended lairaging (overnight to >24 h), stimulates fighting behavior 
and subsequently increasing the occurrence of skin lesions on the carcass [11]. 

Two-way interaction (P<0.05) between transportation and lairage time showed that the lowest pH45 
value, the highest T45 value and incidence of PSE meat were found in pigs subjected to short 
transportation time and slaughtered without rest (Table 2). Pigs that underwent short transportation 



5

1234567890

59th International Meat Industry Conference MEATCON2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 85 (2017) 012049    doi   :10.1088/1755-1315/85/1/012049

 
 
 
 
 
 

and lairaging would not have sufficient time to recuperate from these initial stressors, and, thus, this 
practice is not recommended, because animals are exhausted and agitated [21-22]. Moreover, such 
pre-slaughter treatment results in an increase in muscle temperature (+1°C) and lactic acid just prior to 
slaughter, thus increasing a tendency towards PSE meat [5-11]. 

Table 2. Mean values (±pooled SEM) of carcass and meat quality traits in slaughter pigs according to transportation and 
lairage time (n=120) 

 Short transportation time Long transportation time 
Pooled 
SEM 

TT LT 
TT x 
LT 

Lairage time 
Immediate 
slaughter 

Overnight 
slaughter 

Immediate 
slaughter 

Overnight 
slaughter 

 
Significance 

Number of pigs 41 20 19 40     
Carcass quality 
LW (kg) 115.60a 116.40a 116.60a 111.40b 2.30 NS NS * 
HCW (kg) 94.22a 95.60a 95.98a 91.09b 2.04 NS NS * 
CCW (kg) 91.25a 92.98a 93.68a 88.34b 2.04 NS NS * 
CL (%) 3.15 2.75 2.37 3.02 0.51 NS NS NS 
CD (%) 81.49 82.14 82.35 81.69 0.58 NS NS NS 
FTB (mm) 18.88 16.70 17.95 19.50 3.13 NS NS NS 
FTS (mm) 36.73 32.85 35.00 42.88 8.40 NS NS NS 
M (%) 40.00 41.32 40.56 38.40 2.28 NS NS NS 
SLC 0.71 0.30 0.63 1.23 0.32 * NS * 
Meat quality 
pH45 6.02a 6.21b 6.21b 6.35c 0.07 * * * 
T45 (°C) 40.14 39.36 38.86 39.17 0.30 * NS * 

Pork quality classes (%)        
PSE 51.22a 20.00b 21.05b 7.50b - - - - 
Normal 48.78 65.00 68.42 50.00 - - - - 
DFD 0.00a 15.00b 10.53b 42.50c - - - - 
TT – significance of transportation time; LT – significance of lairage time; TT x LT – significance of the interaction between 
transportation and lairage time. PSE meat: pH45< 6; normal meat: pH45 between 6.0 and 6.4; DFD meat: pH45> 6.4. 
* Statistical significance at (P<0.05); NS: not significant (P>0.05) 
- Different letters in the same row indicate a significant difference at P<0.05 (a-c) 

4.  Conclusion 
The results showed that short transportation time and slaughtering without lairaging, as well as long 
transportation time and overnight lairaging, seriously compromised animal welfare, carcass and pork 
quality, and, therefore, the above-mentioned pre-slaughter conditions are not recommended to the 
farmers and/or pork producers. 
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Abstract. The purpose of this study was to determine the distribution of Hg levels in leg 
muscle and liver of game birds collected within the Serbian National residue monitoring 
program from 2013 to 2016. Hg levels in samples (n=464) of: pheasants (n=182), mallard 
(n=25), Eurasian jay (n=7), partridges (n=5) and woodcocks (n=8) were determined by ICP-
MS. The highest mean Hg levels were observed in leg muscle samples of woodcocks (0.071 
mg/kg) and mallard (0.059 mg/kg). The lowest mean Hg level in liver was determined in 
partridges (0.008 mg/kg) while the highest was in pheasants (0.262 mg/kg) and mallard (0.161 
mg/kg). Statistical analysis showed significantly differences between Hg levels in liver of 
woodcocks and mallard, as well as between them and livers of other analysed game birds. 
During the four years (2013-2016), 87.5% of leg muscle and 50% of woodcock livers had Hg 
levels that exceeded the MRL, while in mallard muscle and liver those percentages were 36% 
and 40%, respectively. 

1.  Introduction 
Meat is good source of protein, fat, vitamins and some essential elements and makes up an important 
part of the food we eat [1]. Beside wide range of nutrients, meat may also carry certain toxic 
substances [2]. Heavy metals are toxic, and still one of the global environmental problems posing 
health risk to man and wildlife [3]. Heavy metals enter the environment by natural sources (volcanic 
activity, erosions and weathering) and by human activities (mining, fossil fuels combustion, industrial 
emissions, direct application of fertilizers and fungicides). Mercury (Hg) is a persistent global 
pollutant existing in three forms – elemental, inorganic and organic mercury compounds. The 
inorganic form of mercury can be transformed to methylated form, methylmercury, by 
microorganisms and this form is mostly present in fish [4,5,6]. Exposure to mercury causes permanent 
damage to the brain, kidneys, and developing foetus [7,8]. According to International Agency for 
Research on Cancer (IARC) methylmercury is classified as possibly carcinogenic for humans (2B). 

Game meat is considered and valued for its exceptional taste than for its nutritive properties. 
However, as game animals are a part of the terrestrial soil-plant-animal food chain, they have been 
reported containing higher toxic element levels than animals from farms [9]. While toxic element 
levels in muscle are generally low, liver and kidney accumulate higher concentrations of these 
elements [10]. This is especially expressed in birds, as their metabolism is more rapid compared to 
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other species of animals. So, game birds are considered a wildlife type that is a suitable, 
representative, potential bioindicator of pollution of the environmental. 

Since the meat of bird game is, therefore, a bioindicator of potential pollution in the environment 
and is consumed by humans, the objective of this study was to examine the levels of Hg in leg muscle 
and liver of different game bird species and to identify possible differences in Hg levels between 
species. 

2.  Materials and Methods 
Levels of Hg were measured in leg muscle and liver of game birds (n=464). Pheasants (n=182), 
mallard (n=25), Eurasian jay (n=7), partridges (n=5) and woodcocks (n=8) were acquired during 
regular hunting seasons within the Serbian National residue monitoring program from 2013 to 2016. 

Frozen samples were thawed at +4ºC for a day before analysis and then homogenized. An amount, 
approximately 0.5 g of homogenized tissue was transferred into a teflon vessel with 5 mL nitric acid 
(67% Trace Metal Grade, Fisher Scientific, Bishop, UK) and 1.5 mL hydrogen peroxide (30% 
analytical grade, Sigma-Aldrich, St. Louis, MA, USA) for microwave digestion. The microwave (Start 
D, Milestone, Sorisole, Italy) program consisted of three steps: 5 min from room temperature to 
180°C, 10 min hold at 180°C, 20 min ventilation. After cooling, the digested sample solutions were 
quantitatively transferred into disposable flasks and diluted to 100 mL with deionized water from a 
water purification system (Purelab DV35, ELGA, Buckinghamshire, UK). 

Inductively coupled plasma mass spectrometry (ICP-MS), (iCap Q mass spectrometer, Thermo 
Scientific, Bremen, Germany), was used for analysis of the 202Hg isotope. Five-point calibration curve 
(including zero) was constructed for the qualitative analysis for Hg isotope of the samples. 
Multielement internal standard (6Li, 45Sc—10 ng/mL; 71Ga, 89Y, 209Bi—2 ng/mL) was introduced 
online by an additional line through the peristaltic pump. 

The quality of the analytical process was verified by analysis of the certified reference material 
NIST 1577c (Gaithersburg, MD, USA). Reference material was prepared as samples using microwave 
digestion. Replicate analyses were in the range of certified values. 

Statistical analysis of experimental data was performed using software Minitab 16 Statistical 
Software. One-way analysis of variance – ANOVA and Tukey’s HSD test were applied for 
comparison of Hg levels between leg muscles as well as between livers from different game birds. 

3.  Results and Discussion 
The results of Hg levels in leg muscle and liver of the analysed samples are presented in Table 1 and 
Table 2, respectively. For calculation, when the levels of Hg were below the limit of detection (LOD, 
LOD=0.001 mg/kg), that value was assumed to be equal to one half of the LOD (1/2 LOD). 

 
Table 1. Hg levels in leg muscle of game birds from Serbia 

 n1 min-max Mean ± SD n2 
Pheasants 182 < LOD-0.030 0.001±0.002a  
Mallard 25 0.005-0.220 0.059±0.058a 9 

Eurasian jay 7 < LOD-0.012 0.008±0.004a  
Partridges 5 < LOD-0.013 0.003±0.006a  

Woodcocks 8 0.021-0.130 0.071±0.036a 7 
n1 – number of samples 
n2 – number of non-compliamt samples 
a-b Different superscripts within the same column indicate significant differences of means    according to 
Tukey’s HSD test (p < 0.05) 
 

Table 2. Hg levels in liver of game birds from Serbia 
 n1 min-max Mean ± SD n2 

Pheasants 182 < LOD-0.039 0.004±0.007c  
Mallard 25 0.015-0.484 0.175±0.161a 10 
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Eurasian jay 7 < LOD-0.035 0.046±0.014c  
Partridges 5 < LOD-0.036 0.008±0.016c  

Woodcocks 8 0.071-0.212 0.132±0.060b 4 
n1 – number of samples 
n2 – number of non-compliamt samples 
a-b-c Different superscripts within the same column indicate significant differences of means    according to 
Tukey’s HSD test (p < 0.05) 
 

 

 

Figure 1. Percentage of non-compliant leg muscle or liver of 
mallard and woodcocks with regard to Hg levels. 

 
The levels of Hg in leg muscle were within the range < 0.001-0.220 mg/kg. The highest mean Hg 

levels were established in leg muscle samples of woodcocks (0.071 mg/kg) and mallard (0.059 
mg/kg), while liver samples of other game birds contained very low Hg levels, often close to the LOD 
(Table 1). These could be a consequence of the characteristic feed of mallard and woodcocks, which is 
rich in crustaceans, worms and fish, food with high levels of Hg. Statistical analysis did not show any 
significant differences in Hg levels between leg muscle samples of game birds. National legislation 
[11] does not prescribe maximum residue levels (MRL) for Hg in game tissue. Considering that, in 
this study, the MRL for Hg in poultry tissue (muscle, liver) is used as the MRL for game. MRL for 
muscle is 0.030 mg/kg [11]. Nine leg muscle samples of woodcocks and seven of mallard exceeded 
this level. So, during 2013-2016, 87.5 and 36% of analysed leg samples of woodcocks and mallard, 
respectively, were non-compliant (Figure 1). 

While Hg levels in leg muscle were generally low, liver accumulates higher levels [12, 13, 14]. The 
lowest mean Hg levels established in liver samples were from partridges (0.008 mg/kg) while the 
highest was in the liver from pheasants (0.262 mg/kg) and mallard (0.161 mg/kg). Significant 
differences were established between Hg levels in liver of mallard and woodcocks. Also, Hg levels in 
liver of mallard and woodcocks significantly differ from the other analysed livers of game birds. 
National legislation [11] established 0.100 mg/kg as MRL for Hg in game liver. Some liver samples of 
woodcocks (n=4) and mallard (n=10) exceeded this MRL level (Figure 1). The highest established Hg 
levels were in liver of mallard (0.484 mg/kg) and woodcocks (0.212 mg/kg). 

4.  Conclusion 
Game meat, including meat of game birds, is commonly consumed by hunters and their families. Meat 
and offal of game have been recognized as food items with elevated content of toxic elements thus 
raising concern about exposure to these elements even in a small part of the population. So, periodic 
control and investigation of Hg and other toxic elements in game meat and offal are needed to assess 
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the safety of these meats with respect to human health and to widen the knowledge base for this type 
of meat. 
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Abstract. The majority of human listeriosis cases appear to be caused by consumption of ready-
to-eat (RTE) foods contaminated at the time of consumption with high levels of Listeria 
monocytogenes. Although strategies to prevent growth of L. monocytogenes in RTE products are 
critical for reducing the incidence of human listeriosis, this pathogen is highly difficult to control 
in fermented sausage processing environments due to its high tolerance to low pH and high salt 
concentration. The aims of the present study were to investigate the occurrence, presence and 
elimination of L. monocytogenes in Petrovská klobása sausage during processing, fermentation, 
drying and storage. L. monocytogenes, which was detected at the beginning of the production 
cycle, disappeared before day 30. The pathogen decline was much faster in those sausages which 
were dried in controlled, industrial conditions than in those dried applying the traditional, 
household technique. 

1. Introduction 
Dry fermented sausages are characterized by their relatively longer shelf-life, which is brought about by 
the production of lactic acid in the fermentation process (pH<4.5-5) and low water activity (<0.90) of 
the final product [1]. Traditionally, fermented sausages are made using lactic acid bacteria (LAB) and 
Gram-positive catalase positive cocci, in particular coagulase-negative staphylococci naturally present 
in the meat, or with the inoculation of starter cultures at the chopping step. The mixture is then filled 
into natural or artificial casings, left to ferment and then dried [2]. 

Petrovská klobása is a traditional and autochthonous fermented pork meat product, which is a part 
of gastronomic heritage of Slovaks in Vojvodina, and which is produced in a traditional way in rural 
households in the Municipality of Bački Petrovac. In rural households, this sausage is at the end of 
November and during December. Petrovská klobása is made by mixing partly cooled (chilled for cca 4 
h after slaughter) or cold (chilled for cca 24 h after slaughter) medium-chopped lean pork and fat (up to 
10 mm) with addition of powdered red hot spicy paprika, salt, crushed garlic, caraway and sugar. A 
well-mixed filling, which is prepared within 15-30 minutes by using a unique technique of manual 
mixing with kneading and overturning, is stuffed into natural casings consisting of the rear part of pig 
intestines (rectum), forming units 35-45 cm long and 4.5-5.0 cm in diameter. After stuffing, the sausages 
are left to drain for a while and then they are smoked by a cold process for about 10-15 days with pauses, 
using specific kinds of wood (cherry wood in particular). When the smoking process is finished, the 
sausage is kept in a dry and well-ventilated place to dry and ripen, until it achieves an optimum quality, 
which takes about four months [3,4]. 

http://creativecommons.org/licenses/by/3.0
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Fermented sausages contaminated with L. monocytogenes have rarely been implicated in critical 
listeriosis outbreaks [5]. Insufficiently dried sausages can have water activity levels close to 0.92-0.94 
[6], and L. monocytogenes is able to survive during sausage fermentation, overcoming the hurdles 
encountered during the manufacturing process. In general, the contamination levels at the end of 
ripening are always lower than 100 CFU/g [7], because L. monocytogenes cannot compete with the 
prevailing LAB. Only without competitive microflora is L. monocytogenes able to multiply and reach 
high levels of contamination (higher than 1000 CFU/g), representing a major public health concern [8-
10]. 

The aims of the present study were to investigate the occurrence, presence and elimination of L. 
monocytogenes in Petrovská klobása sausage during processing, fermentation, drying and storage in 
natural and artificial casings, and in household and industrial conditions. 

 
2. Materials and Methods 
 
2.1. Preparation of Petrovská klobása  
Petrovská klobása dry fermented sausages were manufactured from a mixture of lean minced pork (80%) 
and pig fat (20%) obtained from carcasses of Large White cross breed animals. Meat was either hot (4 
h-chilled meat) or cooled (24 h-chilled meat). After grinding the meat and the fat to a size of about 10 
mm (with adjustable plate holder diameter set), raw materials were mixed with seasonings (red hot 
paprika powder, salt, raw garlic paste, caraway and sucrose) for about 10 min. The seasoned batter was 
immediately stuffed into collagen casings (two types of collagen casings – one artificial, and one natural 
pig intestine 500 mm long and 55 mm in diameter), and raw sausages were entirely processed in a 
traditional smoking/drying room or under industrial conditions during 120 days, then stored until 270 
days. 

2.2. Samples 
Samples produced from the hot meat in a traditional way in the household – natural casing (А1) аnd A2 
(artificial casing), samples produced from the cooled meat, smoked and dried in a household – natural 
casing (B1), samples produced from the cooled meat, smoked and dried in a household – artificial casing 
(B2), samples produced from the cooled meat, smoked and dried at the processing plant – natural casing 
(B3) and samples produced from the cooled meat, smoked and dried at the processing plant – artificial 
casing (B4) were taken before stuffing (at day 0) and during processing (on days 2,4, 6, 9, 12, 15, 30, 
45, 60, 90, 120,150, 210 and 270). 

2.3. Microbiological methods 
Each sample was tested according to SRPS ISO 11290-1 and 2. 
 
3. Results and Discussion 
Results of testing are presented in figures 1, 2 and 3. The sausages contained detectable low levels of 
L. monocytogenes, which occurred naturally in the sausage mixture at the start of the study. 
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Figure 1. Decline of Listeria monocytogenes during smoking, fermentation, drying and storage of 
Petrovská klobása in groups A1 (hot meat/natural casing/household production) and A2 (hot 
meat/artificial casing/household production). 

Figure 2. Decline of Listeria monocytogenes during smoking, fermentation, drying and storage of 
Petrovská klobása in groups B1 (cooled meat/natural casing/household production) and B2 (cooled 
meat/artificial casing/household production). 

Figure 3. Decline of Listeria monocytogenes during smoking, fermentation, drying and storage of 
Petrovská klobása in groups B3 (cooled meat/natural casing/industrial production) and B4 (cooled 
meat/artificial casing/industrial production). 

 
The presence of L. monocytogenes in A1 (figure 1) was detected on days 0, 2, 4, 6 and 12, and in A2 
(figure 1) on days 0, 2 and 4. In B1 and B2 sausages, L. monocytogenes was found up to 15 days (figure 
2). In B3 and B4 sausages (figure 3), the presence of L. monocytogenes was detected until days 4 (B3) 
and 6 (B4). Generally, with respect to the meat chilling time, filling and drying process (traditional and 
controlled conditions), L. monocytogenes disappeared much faster in sausages which were dried in 
controlled, industrial conditions than in those dried applying the traditional household technique. The 
results are in accordance with the results obtained by [11,12,13]. Generally, the declines in pathogen 
presence can be explained by the fact that the preservatives and protective microbiota have a significant 
impact on the survival and growth of L. monocytogenes. The organism is inhibited in fermented sausages 
by sequential steps: the “hurdle technology” concept includes several sequential hurdles, essential at 
different stages of the fermentation or ripening process [14]. These include lowering of pH by 
fermenting sugars to mainly lactic acid, lowering of water activity by salting, drying by evaporating 
water, inhibiting growth of aerobic bacteria by creating an anaerobic environment, inhibiting microbial 
growth by addition of nitrate or nitrite, and inhibiting surface growth by smoking or by addition of 
specific moulds. Together, these hurdles generally lead to a shelf-stable product [15]. These hurdles are 
essential in different steps of the fermentation or ripening process and lead to stable and safe final 
products [16]. 
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4. Conclusion 
According to the results, L. monocytogenes, which was detected at the beginning of the production cycle, 
disappeared before day 30. The pathogen decline was much faster in those sausages which were dried 
in controlled, industrial conditions than in those dried applying the traditional, household technique. 
Petrovská klobása sausage may be contaminated by L. monocytogenes at several stages. The raw 
materials may be contaminated from the slaughterhouse environment, during the production process or 
by contact with contaminated unprocessed raw materials, unclean surfaces or people or in the post-
processing stages.In order to prevent growth of L. monocytogenes in dry fermented sausages, good 
manufacturing practices, correct sampling schemes, adequate cleaning and disinfection procedures and 
HACCP principles have to be applied. The use adequate hurdles can minimize the potential for growth 
of L. monocytogenes. 
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Abstract. Whole genome sequencing is an effective, powerful tool that can be applied to a 
wide range of public health and food safety applications. A major difference between WGS 
and the traditional typing techniques is that WGS allows all genes to be included in the 
analysis, instead of a well-defined subset of genes or variable intergenic regions. Also, the use 
of WGS can facilitate the understanding of contamination/colonization routes of foodborne 
pathogens within the food production environment, and can also afford efficient tracking of 
pathogens’ entry routes and distribution from farm-to-consumer. Tracking foodborne 
pathogens in the food processing-distribution-retail-consumer continuum is of the utmost 
importance for facilitation of outbreak investigations and rapid action in controlling/preventing 
foodborne outbreaks. Therefore, WGS likely will replace most of the numerous workflows 
used in public health laboratories to characterize foodborne pathogens into one consolidated, 
efficient workflow.  

1.  Introduction 
Food safety is a global concern, and consumers have the right to safe and nutritious food. However, 
the estimated burden of foodborne diseases at global level, i.e. 600 million foodborne illnesses and 
420,000 deaths from 31 major food safety hazards in 2010 [1] as well as at EU level, with around 
400,000 confirmed human illnesses and 463 deaths [2] from 5 major food safety hazards (causing 
listeriosis, salmonellosis, campylobacteriosis, STEC infections, yersiniosis) and the related social and 
economic costs (hospitalization, loss of income, employment and market access) remain unacceptably 
high [3]. Tracking foodborne pathogens in the food processing – distribution – retail – consumer 
continuum is of utmost importance for facilitation of outbreak investigation and rapid action in 
controlling/preventing foodborne disease outbreaks. Whole genome sequencing (WGS), using next 
generation sequencing (NGS) technology, has the ability to sequence entire genomes [4] and provides 
rapid, comprehensive information and characterization of microorganisms with a level of precision not 
previously possible. WGS, now internationally recognized as the new revolution in microbiology food 
safety, is a technology that likely will transform public health microbiology in a few years. Field 
applications of WGS have garnered success in multiple contexts in recent years: from transmission 
studies and outbreak tracking of pathogens in hospitals to traceback investigations and source 
attribution in foodborne outbreaks at both national and multinational levels [5]. Therefore, WGS likely 
will replace most of the numerous workflows used in public health laboratories to characterize 
foodborne pathogens into one consolidated workflow [6]. 
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2.  Traditional techniques for distinguishing bacteria 
At present, several different techniques are used to identify and characterize bacteria, and to 
distinguish between different strains of a species. The method of choice varies depending on the 
species in question and on precisely what information is required. Some of the commonly used 
methods are: 

- Serotyping – different bacterial strains have different sets of molecules coating them; antibodies 
are used to determine which molecules are present on the outer surface. 

- Phage typing – distinguishes between strains based on their susceptibility to infection by various 
types of bacteriophage (a group of viruses). 

- Pulsed Field Gel Electrophoresis (PFGE) – the bacterial genome is chopped up at specific points, 
to create fragments that are then electrophoretically separated on a gel according to their size. 
Different strains have different patterns of fragments. 

- Multilocus sequence typing (MLST) – sequencing 400-500 base pair fragments of DNA at seven 
different conserved genes allows small variations within a species to be detected. Quite time 
consuming and costly, but can be highly discriminatory if the genes are correctly chosen. 

- Multilocus variable number tandem repeat analysis (MLVA) – particular regions of DNA are very 
repetitive, and the number of repeats of a sequence in a particular region varies between different 
bacterial strains. A few such areas are analysed to determine how many repeats there are in each. 
MLVA is faster and easier to perform than MLST, but there are issues with reproducibility and 
validation. 

All of the genotyping methods mentioned above have their limitations and ideally the entire 
genome of a microbial isolate would be sequenced to provide definitive typing. Until quite recently, 
this would have been very costly and taken years to complete, but the advent of NGS technology, such 
as the Ion TorrentTM platform from Life Technologies and the Illumina sequencing system, make 
WGS within days a practical option. Now that high-throughput bench-top NGS instruments like Life 
Technologies' Ion PGMTM and the Illumina NextSeq 500 are available, WGS is within the reach of 
smaller clinical microbiology and research laboratories. The costs of NGS are falling, and an entire 
bacterial genome can now be sequenced for about the same price as MLST typing using conventional 
PCR/Sanger sequencing. Otherwise, WGS in principle offers one simplified approach, easily 
reproducible across different laboratories [7]. In addition, WGS is different from current typing 
methods because it requires – in addition to the actual laboratory work – substantial data processing, 
storage and analysis to extract useful information from the large amount of generated data. 
Collaboration and data sharing between organizations and countries is required due to the international 
dimension of food and waterborne bacterial (FWD) pathogens and food trade in particular. National 
public health reference laboratories form the first line of such collaboration, as they are usually the 
first to have sufficient information, i.e. the microbiological typing data, to allow linkage of cases at 
national level and subsequent detection of human clusters of outbreaks [8]. 
 

3.  Listeria monocytogenes and whole genome sequencing 
Listeria monocytogenes is a predominantly foodborne pathogen capable of causing a range of clinical  
illnesses, including invasive disease such as bacteraemia and meningoencephalitis in humans [9], and 
is commonly monitored by public health facilities for the emergence of outbreaks [10]. A number of 
serotypes of L. monocytogenes can be isolated from environmental and food sources, but most 
outbreaks of human disease are due to serotypes 1/2a, 1/2b and 4b [11]. It has been confirmed that 
listeriosis carries one of the highest hospitalization rates among known foodborne pathogens – up to 
91% [12, 13]. Altogether, 1,642 listeriosis cases in humans were reported in the European Union (EU) 
in 2012 with high fatality rate (17.8%) among the confirmed cases; this was a 10.5% increase of 
reported listeriosis cases compared with 2011 [14]. L. monocytogenes was found in 10.3% of fishery 
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products, 2.1% of heat-treated meat products and 0.5% of soft and semi-soft cheeses collected from 
supermarkets and shops across the EU, from January 2010 to January 2012. Fermented sausages 
contaminated with L. monocytogenes have rarely been implicated in critical listeriosis outbreaks [14]. 
WGS has emerged as a powerful technology for the comparison of isolates in outbreak analysis [15], 
because the Listeria genome is fairly small and relatively easy to sequence and analyse [16]. With 
WGS, Listeria outbreaks can be detected when as few as two people have fallen ill. Determining that 
the same strain of Listeria is making people ill is an indication that these illnesses may have come 
from the same source – for example, the same contaminated food processing facility. By combining 
real time WGS with data from patients about the foods they ate and data about Listeria in foods, 
public health officials can: detect more cluster (possible outbreaks) of Listeria infections, link cases of 
Listeria to a likely source, identify unrecognized sources of Listeria and stop Listeria outbreaks while 
they are still small. 

4.  Food Safety and WGS 
WGS is a significant new tool in the area of food safety, including foodborne disease surveillance, 
food inspection (testing) and monitoring, outbreak detection and investigation (including food 
attribution studies) and food technology developments. In comparison to the plethora of molecular 
identification and characterization technologies available to date, WGS is conceptually speaking, quite 
simple, regardless of the platform used. WGS is universal for all organisms and provides virtually the 
entire genome, which facilitates targeted exchange and comparison of its data. The results are not only 
useful for food monitoring, disease surveillance, and outbreak investigation and response, but also for 
addressing broader questions that are critical for food safety improvements and preventive measures, 
through source tracking, source attribution and the identification of transmission pathways [17, 18]. 
Since the data comprise the genetic code, WGS results can be used for more than one purpose 
simultaneously – such as identification, subtyping, virulence marker detection, antimicrobial 
resistance (AMR) predictions, and genome-wide association studies. In food monitoring, WGS is used 
as forensic evidence for source tracking and to inform regulatory action. Since food is a global 
commodity, global use of this common technology facilitates sharing and collaboration across sectors, 
and greatly increases the availability of contextual data when interpreting results and recommending 
regulatory actions on a scientific basis. It is, however, important to emphasize that WGS cannot stand 
alone. It is just one source of information among the complex systems that comprise the whole food 
supply chain. The technology requires that clinical, food and environmental isolates/samples from 
routine testing, inspection and surveillance, and associated data are made available, and that 
infrastructure is in place to utilize the data for regulatory food safety and public health action. Thus, 
the implementation of WGS should be accompanied by the establishment of an integrated national 
food control system and relevant food safety programmes that assimilate information from different 
sources [17]. 

5.  Conclusion 
WGS is poised to become standard methodology in food safety for identification and characterization 
of foodborne pathogens, including antimicrobial resistant organisms, with a level of precision not 
previously possible. WGS provides the most extensive analysis for isolate comparison and is superior 
to current typing methods for pathogens. Also, WGS as an incredibly powerful technique is less 
labour-intensive and more cost-effective than current typing methods for surveillance. It is already 
being utilised by Public Health England (PHE) and the Food Standards Agency (FSA) to aid outbreak 
investigation; but it has a multitude of other potential applications in relation to food. 
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Abstract. The goal of this study was to examine the possibility of partial replacement of 
sodium chloride with potassium chloride and ammonium chloride, with the target of achieving 
less sodium content in meatballs and tomato sauce as well as achieving a better Na:K ratio. The 
trial consisted of five groups. In the control group of meatballs and sauce, only sodium chloride 
was added. In group 1, half of the sodium chloride was replaced with potassium chloride 
related to control group while in group 2 one third of the sodium chloride was replaced with 
potassium chloride. In group 3, one third of the sodium chloride was replaced with ammonium 
chloride, and in group 4, sodium chloride was reduced to half the amount in the control group, 
and 1 g (0.25%) of ammonium chloride was also added. All products were acceptable 
according to sensory analyses. The largest reductions of sodium content were 44.64%, 
achieved in meatballs from group 1 and 50.62% in tomato sauce from group 4 in relation to 
meatballs and tomato sauce from control group. The highest Na:K ratio was calculated in 
meatballs and tomato sauce from control group, 2.88 and 4.39, respectively. The best Na:K 
ratio was in meatballs and tomato sauce from group 1, 0.60 and 0.92, respectively, in which 
half of sodium chloride was replaced with potassium chloride. However, in meatballs and 
tomato sauce from group 4, with only half the amount of sodium chloride related to control 
group, the Na:K ratio was worse because in these products, potassium chloride was not added. 

 

1.  Introduction 
Excessive dietary sodium intake is linked with negative health influences, particularly with essential 
hypertension and consequential cardiovascular disorders. Intake of sodium via food, in many cases, 
exceeds the recommendation of the World Health Organization (WHO), and because of that, there are 
many directives issued from WHO concerning how to reduce sodium content in food. The meat 
industry is often a target of investigations connected with this topic. There are many studies about 
reducing sodium chloride and sodium content in meat products, which is done mostly by partial 
replacement of sodium chloride with other chloride salts. The meat industry is an important producer 
of ready-to-eat meals prepared or cooked in advance, with no further cooking or preparation required 
before being eaten. These ready-to-eat meals have become an important choice for modern consumers, 
with respect to the fast lifestyle of modern societies.   

http://creativecommons.org/licenses/by/3.0
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There are not much literature data on reducing the sodium content in ready-to-eat meals. Many 
investigations are focused on reducing sodium content in cooked meat products, but the real challenge 
is sodium reduction in meat products that are not thermally treated (dry fermented sausages, dry ham). 
Since it is the only salt with a clearly salty taste, in food, sodium chloride cannot be totally replaced 
with other salts. However, it can be partially replaced, and to this purpose, potassium chloride and less 
often, other chloride salts are used [1]. Besides potassium chloride, magnesium and calcium salts and 
ascorbates are most commonly used as replacers [2].  

The need to reduce sodium in meat products and generally in food will be an aim of the food 
industry in the future; fast food chains will also have to address this issue, even if people think the 
amount of salt consumed via fast food is not so large [3]. Nonetheless, salt replacers present a difficult 
problem because of their degradation of desirable sensory characteristics, including texture and, of 
course, salty taste [4]. 

The WHO recommendation for dietary sodium intake is less than 2000 mg daily [5]. In the US, the 
recommendation is less than 2300 mg daily, but an adequate amount is 1500 mg daily [5]. The WHO 
guideline for dietary potassium intake is more than 3510 mg daily [6], but in the case of the US and 
Canada, this is set at 4700 mg daily for adults [7]. According to these recommendations, the Na:K 
ratio would be less than 0.49 (2300 mg Na daily and 4700 mg K daily) for healthy individuals.  

Scientific data suggest that the dietary Na:K ratio is more associated with an increased risk of 
hypertension and cardiovascular diseases.  

Accordingly, the goal of this study was to examine the possibility of partial replacement of sodium 
chloride with potassium chloride and ammonium chloride with the target of achieving less sodium 
content in meatballs and tomato sauce, as well as achieving a better Na:K ratio.  

2.  Materials and methods 
The trial consisted of five groups. In the control group of meatballs and sauce, only sodium chloride 
was added. In group 1, half of the sodium chloride was replaced with potassium chloride while in 
group 2 one third of the sodium chloride was replaced with potassium chloride related to the control 
group. In group 3, one third of the sodium chloride was replaced with ammonium chloride and in 
group 4, sodium chloride was reduced by one half compared with the control, while 1 g (0.25%) of 
ammonium chloride was also added. 

 
2.1. Meatball preparation 
Meatballs were prepared from minced pork leg meat (grind plate 3 mm) purchased from a local 

market. Meat was well mixed with the ingredients presented in Table 1 to achieve optimal consistency 
to form into round shapes. Prepared meatballs were briefly fried in a thin layer of sunflower oil.  

 
Table 1 Composition of meatballs, g 

Group 
Minced pork 

(leg) 
Sodium 
chloride 

Potassium 
chloride 

Ammonium 
chloride 

Ground 
garlic 

Control 400 6.00 - - 2.00 
1 400 3.00 3.00 - 2.00 
2 400 4.00 2.00 - 2.00 
3 400 4.00 - 2.00 2.00 
4 400 3.00 - 1.00 2.00 

 
 

2.2. Tomato sauce preparation 
Sauces were prepared from tomato juice (Tomatino classic, Polimark, Serbia) and the ingredients 

presented in Table 2. A sauce was prepared from flour fried in sunflower oil for about 1 minute, and 
after that, water, tomato juice, salt/salt mixture and sugar were added. The sauces were simmered for 
10 minutes. 
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Table 2 Composition of tomato sauce, g 

Group 
Tomato 

juice 
Water 

Sunflower 
oil 

Flour Sugar 
Sodium 
chloride 

Potassium 
chloride 

Ammonium 
chloride 

Control 400 400 6.00 6.00 6.00 6.00 - - 
1 400 400 3.00 3.00 3.00 3.00 3.00 - 
2 400 400 4.00 4.00 4.00 4.00 2.00 - 
3 400 400 4.00 4.00 4.00 4.00 - 2.00 
4 400 400 3.00 3.00 3.00 3.00 - 1.00 
 
 
2.3. Meal preparation 
Meatballs were cooked in prepared tomato sauce for 45 minutes. Half an hour after cooking, the 

product was presented to sensory assessors for evaluation and sent to determine the sodium and 
potassium content.  

 
2.4. Determination of Na and K 
Aliquots of approximately 0.3 g were transferred into Teflon vessels and 5 mL nitric acid (p.a. 

Sigma-Aldrich, St. Louis, MA, USA) and 1.5mL hydrogen peroxide (30%, p.a., Merck & Co., 
Whitehouse Station, New Jersey, USA.) were added. The sample solutions were quantitatively 
transferred into disposable flasks and diluted, then digested using a microwave program that consisted 
of three steps as follows: 5 min from room temperature to 180°C, 10 min hold 180°C, 20 min vent. 
After cooling at room temperature, digests were diluted to 100 mL with deionized water (ELGA). 

The analysis was performed by inductively-coupled plasma mass spectrometry (ICP-MS). 
Measurements were performed using the instrument “iCap Q” (Thermo Scientific, Bremen, Germany), 
equipped with collision cell and operating in kinetic energy discrimination (KED) mode. The 
following isotopes were measured: 39K and 23Na. 

Torch position, ion optics and detector settings were adjusted daily using tuning solution (Thermo 
Scientific Tune B), in order to optimize measurements and minimize possible interferences. For the 
qualitative analysis of the samples, a five-point calibration curve (including zero) was constructed for 
each isotope in the concentration range of 0.1 – 2.0 mg/L. An additional line of the peristaltic pump 
was used for on-line introduction of multi-element internal standard (6Li, 45Sc – 10 ng/mL; 71Ga, 89Y, 
209Bi – 2 ng/mL) covering wide mass range. Concentrations of each measured isotope were corrected 
for response factors of both higher and lower mass internal standard using interpolation method. 

The quality of the analytical process was controlled by the analysis of the standard reference 
material (NIST SRM 1577c). Measured concentrations were within the range of the certified values 
for all isotopes. 

3.  Results and discussion  
All samples of meatballs and tomato sauce as well as whole meals were sensorially acceptable [6].  

Results of sodium and potassium content in meatballs and tomato sauce are presented in Table 3. 
Sodium content in meatballs and tomato sauce was directly influenced by added sodium chloride. The 
highest sodium content was determined in meatballs and tomato sauce from control group (8537.13 
mg/kg and 12750.89 mg/kg) and the lowest was in meatballs and tomato sauce from group 4 (4901.47 
mg/kg and 6296.02 mg/kg). The highest sodium content in tomato sauce from the control group was 
also the result of high sodium content in tomato juice, which was found to be 5410.03 mg/kg. The 
largest reductions of sodium content were 44.64% achieved in meatballs from group 1 and 50.62% in 
tomato sauce from group 4 (in the relation to meatballs and tomato sauce from control group). The 
smallest reduction of sodium was in group 3 meatballs as well as in tomato sauce (26.71% and 
24.29%, respectively), in which only one third of sodium chloride was replaced with ammonium 
chloride 
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Table 3. Sodium and potassium content in meatballs and tomato sauce, mg/kg 

 
 

Group Meatballs  Tomato sauce 
Sodium Potassium  Sodium Potassium 

Control 8537.13 2960.59  12750.89 2902.90 
1 4726.03 7866.11  7470.57 8156.76 
2 5908.05 5654.13  8384.73 6363.66 
3 6256.80 3319.82  9653.45 2725.61 
4 4901.47 3120.96  6296.02 2102.97 

 
 
Sodium:potassium ratios (Na:K) of the meatballs and tomato sauce are presented in Table 4. The 

largest ratio was calculated in meatballs and tomato sauce from control group, 2.88 and 4.39, 
respectively. The best Na:K ratio was in meatballs and tomato sauce from group 1, 0.60 and 0.92, 
respectively, in which one half of sodium chloride was replaced with potassium chloride. However, in 
meatballs and tomato sauce from group 4, with one half the amount of sodium chloride related to 
control group, the Na:K ratio was worse because in these products, potassium chloride was not added.  

 
 

Table 4. Sodium:potassium (Na:K) ratios in meatballs and tomato sauce 
 

Group Meatballs Tomato sauce 
Control 2.88 4.39 

1 0.60 0.92 
2 1.04 1.32 
3 1.88 3.54 
4 1.57 2.99 

 

4.  Conclusion  
All the prepared meatballs and tomato sauce as well as whole meals were sensorially acceptable.  

The lowest sodium content was in meatballs and tomato sauce from group 4 (4901.47 mg/kg and 
6296.02 mg/kg). 

The largest reductions of sodium content were 44.64% achieved in meatballs from group 1 and 
50.62% in tomato sauce from group 4, in relation to meatballs and tomato sauce from control group. 

The best Na:K ratio was in meatballs and tomato sauce from group 1, 0.60 and 0.92, respectively, 
in which one half of the sodium chloride was replaced with potassium chloride. 
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Abstract. The aim of this study was to evaluate consumers’ attitudes towards sensory 
properties of chicken, royal and beef salami, meat products from Zlatiborac Meat Company. 
Sensory evaluation was performed by Serbian consumers (n=1018) in four retail stores 
(Delhaize) in Belgrade. Consumers were asked for their preference concerning the colour and 
fat of three selected salami and then completed questionnaire of socio-demographic 
information including eating behaviour. Selected smoked meat products were evaluated in the 
DLG Test Center Food, Germany. Consumers, at all education levels and in all age groups, 
evaluated colour as good and fat as sufficient with a significantly (p<0.05) higher percentage in 
comparison with other offered answers. All smoked products passed the DLG tests and 
received “DLG award winner” medals in Gold (73%) or Silver (27%). 

1.  Introduction 
Consumers’ evaluation of meat and meat products is becoming the critical issue for the meat industry 
because it has direct influence on its profitability. Many studies point out that consumers’ perspectives 
are complex and include many factors in determination of meat quality and its acceptance [1-3]. 
Consumers first evaluate and then purchase. Meat must look good to consumers before satisfying their 
palate when they decide to buy it. Appearance has a great influence on how meat is valued by the 
consumers. The quality and width of the sensory evaluation were significantly influenced by 
traditional eating habits [4]. Response of the consumer is based on sensory properties of the meat and 
meat products [5], but it is also associated with other factors, such as the habits of a particular region, 
nationality, age and gender, religion, education, socio-economic status, psychological motives 
(symbolism of food, advertising, brand name, etc.) and physiological motives (thirst, hunger, deficit, 
health condition, etc.) [3,6]. 

Consumer perception on meat has traditionally been largely based on intrinsic cues like colour of 
the meat, the visible fat and fat. Colour and colour stability are the most important attributes of meat 
quality and various commercial approaches have been used to meat consumers’ expectation [7]. 
Colour of meat and meat products is the first impression that consumers have of any meat product. It 
is the single most important factor of meat products, and it influences consumer buying decision and 
affects their perception of the freshness of the product. Colour and colour stability are the most 
important attributes of meat quality and various commercial approaches have been used to meet 

http://creativecommons.org/licenses/by/3.0
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consumers’ expectation [8]. From the consumers’ point of view, fat content is not a good predictor of 
meat quality and, in the research area of healthier meat products, a possible trend is to replace high 
energy density fat in formulations with substances providing less energy than fat [9]. According to 
German Agricultural Society (Deutsche Landwirtschafts-Gesellschaft, DLG), [10] the most important 
characteristic of meat products during sensory evaluation are appearance, colour, colour maintenance, 
composition and taste, and so evaluations of these characteristics are multiplied by three and have the 
most influence on the final assessment of the products. Figure 1 shows the most common deficiencies 
for international smoked meat evaluated by DLG experts [11]. The main deficiencies were related to 
their external preparation, colour, consistency, door and taste. 

 
 

Figure 1. Most common deficiencies for smoked meat evaluated by DLG experts (%), [11]. 

For the meat industry, it is very important to fully understand consumers’ cues because they have a 
direct influence on profitability. Thus, science and innovation play an important role between the 
industry and consumer concerns and expectations [12] in order to enhance these cues in existing or 
new products. To the best of our knowledge, consumer acceptance data is very limited for all meat 
products produced in Serbia. This pilot study aimed to investigate consumers’ attitudes and 
acceptability towards colour and fat of three types of salami (chicken, royal and beef) of Serbian 
origin. On the other hand, the results obtained were compared with results of sensory evaluation of 
selected smoked meat products from Serbia, evaluated by DLG experts in Germany in March 2017. 

2.  Materials and Methods 
Chicken, royal and beef salami were prepared in meat industry (Zlatiborac, Mačkat, Serbia) by using 
the in-house production protocol. To conduct comparative evaluation of these products, an equal 
number of samples of chicken, royal and beef salami were manufactured. Chicken salami consisted of 
chicken breast meat (72.3%) and solid fat (22.8%); royal salami consisted of pork (81%) and solid fat 
(17%); beef salami consisted of beef (71.8%) and beef tallow (24%). The origin and market name of 
the products were unknown to the consumers. 

Consumer testing was performed in four large retail stores (Delhaize) in February 2017, in 
Belgrade. A total of 1018 consumers were participated in six days during the period from 10 a.m. to 4 
p.m. Consumers were males (37%) and females (63%) older than 18 years of age. For each type of 
meat product, consumers were asked to express their perception of colour and fat. They were asked to 
consume all types of salami and answer the following questions: (1) Rate the colour (the offered 
answers were: good, too pale, too dark); (2) Rate the fat content (the offered answers were: sufficient, 
too fatty). The authors prepared a questionnaire, modifying a version of DLG-5-points-scheme [10]. 
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The questionnaire, covering general socio-demographic information related to ages and education 
levels including eating behaviour, was then put to the participants. 

The DLG [10] is the oldest food testing institution in Europe. Around 30000 foodstuffs from 
Germany and abroad are evaluated every year in the DLG Test Center Food by applying the DLG 
Quality Tests which are accordance with scientific quality standards [13] and an expert report [14]. 
Sensory evaluation of eleven smoked meat products from Zlatiborac Meat Company was conducted 
by DLG experts in Germany, in March 2017 and assessed in accordance with the DLG-5-points-
scheme (DLG Quality Test for Ham & Sausage). The DLG-5-points-scheme is a descriptive sensory 
analysis which included visual (appearance/exterior), haptic (consistency/texture), olfactory (odour) 
and gustative (taste) criteria of the meat products. Meat products that pass the DLG tests receive a 
“DLG award winner” medal in Gold, Silver or Bronze. DLG medals are ambassadors for good taste 
and high quality foods. A product wins a DLG Award in Gold if it is free of faults in the sensory test 
and satisfies all further quality parameters (5.00 points). If DLG points are between 4.60-4.99 and 
4.10-4.59 points, products win the DLG Award in Silver and DLG Award in Bronze, respectively. 

Statistical evaluation of the data was conducted by applying ANOVA analysis [15]. 

3.  Results and discussion 

3.1.  Consumers’ evaluation 
Results for consumers’ attitudes in relation to education and age are shown in Tables 1 and 2. 

 
Table 1. Consumers’ attitudes (%) in relation to education 

(The questions were: rate the colour and fat content). 

Education Perception of The offered answers 
Salami type 

Chicken Royal Beef 

B
S

-B
as

ic
 

S
ch

oo
l 

 
Colour 

Good 96.4 98.8 72.3 
Too pale 3.6 1.2 - 
Too dark - - 27.7 

Fat Sufficient 98.8 78.3 95.2 
Fatty 1.2 21.7 4.8 

H
S

-H
ig

h 
/ 

se
co

nd
ar

y 
S

ch
oo

l 

 
Colour 

Good 96.5 99.0 92.2 
Too pale 2.9 0.6 - 
Too dark 0.6 0.4 7.8 

Fat Sufficient 87.7 84.8 96.3 
Fatty 12.3 15.2 3.7 

B
D

-
B

ac
he

lo
r 

D
eg

re
e 

 
Colour 

Good 96.9 97.9 89.8 
Too pale 2.6 1.9 0.7 
Too dark 0.5 0.2 9.5 

Fat Sufficient 90.3 83.6 96.4 
Fatty 9.7 16.4 3.6 

 
Table 1 shows that consumers of all education levels evaluated colour of Royal salami with the 

highest percentage of the best offered answers, among the three salami types (chicken, royal and beef). 
Consumers with Basic School evaluated fat content of chicken salami as sufficient (98.8%) with the 
highest percentage in comparison with royal (78.3%) and beef (95.2%) salamis. On the other hand, 
participants with High secondary School and Bachelor degree evaluated fat of beef salami as sufficient 
with the highest percentage (96.3% and 96.4%, respectively). Noticeably, 27.7% of consumers with 
basic school education evaluated colour of beef salami as too dark, while consumers with higher 
education levels evaluated colour as too dark with around 3-3.5-fold lower percentages (HS – 7.8% 
and BD – 9.5%). Consumers, at all education levels, evaluated colour as good and fat as sufficient 
with significantly (p<0.05) higher percentage in comparison with other offered answers. 
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The youngest consumers (18-29 years), (Table 2) evaluated colour of chicken and royal salami as 
good (97.6%), while fat of chicken and beef salami was evaluated as sufficient (95.1%) with the 
highest percentage. Older consumers, in the remaining four age groups (Table 2), evaluated royal 
salami as salami with good colour (98%-100%) and fat of beef salami as sufficient (94.1%-98.4%) 
with the highest percentage. Around twice the percentage of the oldest age group of participants 
evaluated fat content of chicken and royal salami as fatty (11.3% and 23.2, respectively) in 
comparison to the youngest participants (4.9% and 11.6%, respectively). Age (i.e. experience) and 
interest of older population in healthier lifestyles could be a reason for these results. Consumers, in all 
age groups, evaluated colour as good and fat as sufficient with significantly (p<0.05) higher 
percentage in comparison with other offered answers. 
 

Table 2. Consumers’ attitudes (%) in relation to age  
(The questions were: rate the colour and fat content). 

Age 
(years) 

Perception of The offered answers 
Salami type 

Chicken Royal Beef 

18
-2

9 

 
Colour 

Good 97.6 97.6 90.2 
Too pale 1.8 2.4 0.6 
Too dark 0.6 - 9.1 

Fat Sufficient 95.1 88.4 95.1 
Fatty 4.9 11.6 4.9 

30
-3

9 

 
Colour 

Good 96.7 99.0 88.5 
Too pale 2.4 1.0 - 
Too dark 1.0 - 11.5 

Fat Sufficient 88.5 84.7 96.7 
Fatty 11.5 15.3 3.3 

40
-4

9 

 
Colour 

Good 96.9 98.0 90.6 
Too pale 2.7 1.2 0.8 
Too dark 0.4 0.8 8.6 

Fat Sufficient 89.0 85.9 98.4 
Fatty 11.0 14.1 1.6 

50
-5

9 

 
Colour 

Good 94.6 98.2 87.8 
Too pale 5.0 1.4 - 
Too dark 0.5 0.5 12.2 

Fat Sufficient 88.3 82.4 94.1 
Fatty 11.7 17.6 5.9 

60
 a

nd
 

ol
de

r 

 
Colour 

Good 98.2 100.0 91.1 
Too pale 1.8 - - 
Too dark - - 8.9 

Fat Sufficient 88.7 76.8 96.4 
Fatty 11.3 23.2 3.6 

 

3.2.  DLG evaluation 
As in previous years (2009-2016), in March 2017, Zlatiborac Meat Company analysed smoked meat 
products in the DLG Test Center Food. All products passed the DLG tests and receive “DLG award 
winner” medals in Gold (73%) or Silver (27%). The deficiencies of smoked meat products win the 
DLG Award in Silver were marked as “dry edge formation”, “not regularly cut off” and “appearance 
of cut unclear”. All these deficiencies were related to their appearance but not to their quality. In 
Dederer and Hillgärtner’s study [16], Zlatiborac’s meat products, as the only Meat Company from 
Serbia, were assigned as non-EU members (as well as products from South Korea, Japan and 
Thailand), with good DLG evaluations. The DLG evaluation and its medals presented in this study and 
earlier [17] strongly indicate that Zlatiborac Meat Industry has good marketing opportunities for 
placement of products on the EU market. 
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4.  Conclusion 
This study has contributed to display transparency to the public; it made it possible to gather reliable 
data on the acceptance and attitudes of consumers towards specified sensory properties of the meat 
products examined. As the results showed, consumers were satisfied with colour and fat of chicken, 
royal and beef salami. Also, it was observed that older consumers were likely more aware of health 
aspects of food products they purchase, which was reflected in their sensory evaluation of meat 
products. By providing direct transparency from producer to consumers, the meat industry will be able 
to effectively satisfy consumer needs. 
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Abstract. The effect of essential oil obtained from sage (Salvia officinalis L.) herbal dust (a 
food industry by-product) (SEO), on the pH value, microbiological stability and sensory 
properties of fresh pork sausages prepared without chemical additives was evaluated during 8 
days of aerobic storage at 3±1°C. The addition of SEO significantly (p<0.05) reduced the 
microbial growth in fresh pork sausages. Moreover, SEO added at a level of 0.05 µL/g had no 
negative effect on sensory properties of this meat product. Hence, the results of this study 
showed significant antimicrobial activity of SEO obtained from sage filter tea processing by-
products and the potential for utilising SEO in fresh pork sausages in order to enhance their 
stability and safety.  

1. Introduction 
Fresh pork sausages are among the most common and the most popular processed meat products all 
around the world [1]. Due to their very high water activity, relatively high fat content, comminuted 
structure of raw materials, high total number of microorganisms and lack of thermal processing, these 
products are characterized by a short shelf life. Spoilage of these products can be caused by microbial 
contamination and lipid oxidation, leading to development of unacceptable sensory characteristics and 
even foodborne diseases. Hence, the inhibition of microbial growth and delay of lipid oxidation are 
primary goals that can significantly extend shelf life [1,2]. In order to reduce oxidative changes and to 
prevent bacterial growth, several synthetic food additives are regularly used by meat processors. 
However, in recent years due to increasing consumer awareness about potentially toxic effects and 
health issues, the use of nitrites and synthetic antioxidants (butylated hydroxytoluene – BHT; 
butylated hydroxyanisole – BHA; tertiary butylhydroquinone – TBHQ) has decreased, while demand 
for natural additives has rapidly increased [1,3,4,5]. Many natural antioxidants also exhibit 
antimicrobial activity, and thus, have the advantage of being readily accepted by both consumers and 
meat processors [1,6]. However, natural antioxidants are often more expensive and less effective than 
synthetic ones. Consequently, increasing attention is recently being paid to the extraction of 
antioxidants from agro-food industry by-products [7,8]. The aim of this study was to determine the 
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antimicrobial effect of sage essential oil (SEO), obtained from sage tea processing by-products, when 
utilised in fresh pork sausage during refrigerated storage. 

2. Materials and Methods 
 
2.1. Plant material  
Sage (Salvia officinalis L.) originated from Montenegro and was kindly donated by a local filter tea 
factory producing herbal teas (Fructus DOO, Bačka Palanka, Serbia). Sage herbal dust was obtained as 
by-product in the filter tea factory while all processing steps and applied unit operations were 
described elsewhere [9]. Plant material had a mean particle size of <0.315 mm and moisture content of 
7.24±0.05%. Conventional (hydrodistillation) and novel (supercritical fluid extraction – SFE) 
extraction techniques were used for recovery of SEO. The official procedure from the fourth edition of 
the Yugoslavian Pharmacia was applied for hydrodistillation. Briefly, 20 g of sage herbal dust and 400 
mL of water were mixed in a 1 L round flask connected with Clevenger-type apparatus. 
Hydrodistillation was performed for 2 h and essential oil was separated from the aqueous phase after 
determination of its yield (%). 
 
2.2. Preparation of fresh pork sausage 
Fresh pork sausages (of the type called in Serbian Petrovská klobása) were produced in the meat 
processing pilot plant within the Institute of Food Technology Novi Sad (FINS). Pork shoulder and 
back fat were minced using an electric meat grinder with an 8 mm grinding plate. The sausage batter 
was obtained by mixing minced pork (80%) and back fat (20%) with salt (1.80%), sweet paprika 
powder (1.00%), red hot paprika powder (0.70%), caraway (0.20%) and garlic paste (0.07%), in a 
meat mixer. The amount of seasonings was calculated in relation to minced meat and back fat weight. 
The resulting mixture was divided into four batches. SEO was added separately to three batches, at 
concentrations of 0.05 µL/g (SEO1), 0.075 µL/g (SEO2) and 0.1 µL/g (SEO3). The remaining batch 
was used as the control (C). All batches were stuffed into natural casings (pig small intestines; 
Ø ≈ 32 mm). Sausages were stored at 3±1°C in the dark for 8 days.  
 
2.3. Samples 
Samples taken at distinct periods of storage comprised three randomly selected sausages from each 
batch after 0, 2, 4, 6 and 8 days. Analyses were carried out on the day of sampling, and were 
conducted in duplicate for each sample.  
 
2.4. pH determination 
The pH of samples was measured using the portable pH meter Testo 205 (Testo AG, USA) equipped 
with a combined penetration tip with temperature probe. The pH meter was calibrated before the 
readings using two buffer solutions (pH=4.00±0.05 and pH = 7.00±0.01 at 20±2 °C).  
 
2.5. Microbiological analysis  
Microbiological analyses were performed on three samples from each group of the fresh pork sausages 
in duplicate. Twenty grams of samples were homogenized for 10 minutes at 200 rpm (Unimax 1010, 
Heidolph, Germany) in 180 mL 1 g/L buffered peptone water (Merck, Darmstadt) and then serial 
decimal dilutions were prepared (up to 10-3). Pour plates were prepared with 1 mL of each dilution in 
separate sterile Petri plates, and with appropriate media depending on the type of microorganism 
studied. The following microbial analyses were performed: total number of aerobic mesophilic 
bacteria (TBC), Salmonella spp., Escherichia coli, and Listeria monocytogenes [4]. Results were 
expressed as log cfu/g. 
 
2.6. Sensory analysis 
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Sensory evaluation of the investigated sausages was performed by ranking tests [10]. Sausages were 
taken from refrigerated storage (3°C) and baked in an oven at 165°C for 1h. The sausages were served 
warm (50-60°C) and analysed by a panel of 70 consumers. Consumers were asked the following: 
“Please rank the samples in numerical order according to your preference” (from like extremely – 1 to 
dislike extremely – 7). Consumers between 19 and 65 years old were students and staff members of 
the Faculty of Technology, Novi Sad. 
 
2.7. Statistical analysis  
Statistical analysis was carried out using STATISTICA 12.0 (StatSoft, Inc., Tulsa, OK, USA). All data 
were presented as means with their standard deviations (mean±SD). Variance analysis (ANOVA) was 
performed, with a confidence interval of 95% (p<0.05). Means were compared by Fisher’s LSD test. 
 

3. Results and Discussion 
The effect of SEO on the pH value of fresh pork sausages is shown in Table 1. At the beginning of 
storage, pH values ranged from 5.60 to 5.66 in the sausages.  
 
 

Table 1. Effect of different concentrations of sage essential oil (SEO) on pH value 
of fresh pork sausage during storage 

Storage day C SEO1 SEO2 SEO3 
0 5.62±0.04Aba 5.60±0.05Ba 5.60±0.01Ba 5.66±0.02Aa 

2 5.54±0.03Cb 5.58±0.03Bca 5.62±0.01Ab 5.61±0.02ABa

4 5.47±0.02Cc 5.52±0.01Bb 5.55±0.03Abbc 5.57±0.04Ab 

6 5.46±0.01Cc 5.45±0.01BCc 5.53±0.03Acd 5.47±0.01Bc 

8 5.40±0.02Bd 5.40±0.01Bd 5.46±0.06Ad 5.44±0.03ABc

Values with different letters (A-C) in the same row are significantly different (p<0.05); Values with different letters (a-c) in the 
same column are significantly different (p<0.05). 
SEO levels in sausages: 0.05 µL/g (SEO1), 0.075 µL/g (SEO2) and 0.1 µL/g (SEO3). 
 

The results obtained corresponded very well with literature data for this type of sausage [11]. A 
significant drop of pH was registered in each sausage group during 8 days of refrigerated storage. 
Most probably, this was result of growth and metabolic activity of lactic acid bacteria, as was 
previously reported by a number of authors [6, 11]. The microbiological profile of fresh pork sausage 
during 8 days of storage under refrigeration is shown in Table 2.  

 
Table 2. Effect of different concentrations of sage essential oil (SEO) on total bacterial count 

(log cfu/g) of fresh pork sausage during storage 
Storage 
day 

C SEO1 SEO2 SEO3 

0 6.90±0.02Ac 5.74±0.01Ce 5.59±0.01De 6.03±0.05Bc 

2 6.10±0.01Ae 6.00±0.02Bd 5.88±0.01Cd 5.80±0.02Dd 

4 6.63±0.03Ad 6.38±0.02Bc 6.01±0.01Dc 6.23±0.01Cb 

6 7.15±0.03Ab 6.84±0.02Cb 6.73±0.02Db 6.98±0.02Ba 

8 7.66±0.04Aa 7.29±0.01Ba 7.15±0.01Ca 7.10±0.02Da 

Values with different letters (A-E) in the same row are significantly different (p<0.05); Values with different letters (a-c) in the 
same column are significantly different (p<0.05) 
SEO levels in sausages: 0.05 µL/g (SEO1), 0.075 µL/g (SEO2) and 0.1 µL/g (SEO3). 
 

The addition of SEO significantly (p<0.05) reduced the TBC. Probably, it was the consequence of 
sage antimicrobial properties [11]. The initial TBC ranged from 5.59 log cfu/g (SEO2) to 6.90 log 
cfu/g (C). As expected, for all sausages, the TBC significantly (p<0.05) increased during 8 days of 
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storage. At the end of storage, TBC was significantly (p<0.05) different between the sausages, being 
in the order as follows: C>SEO1>SEO2>SEO3. None of the three analysed foodborne pathogenic 
bacteria (Salmonella spp., E. coli, or L. monocytogenes) were detected, neither in control nor in 
sausages with added SEO. 
 
The sensory attribute of preference of C and SEO fresh pork sausages are shown in Figure 1. 
 

 

 
Figure 1. Summary of rank sums for sensory attribute of consumer preference for control 

sausages and sausages with added SEO 

Values with different letters (A-C) are significantly different (p<0.05) 
SEO levels in sausages: 0.05 µL/g (SEO1), 0.075 µL/g (SEO2) and 0.1 µL/g (SEO3) 

 
SEO addition to fresh pork sausage at the concentration of 0.05 µL/g had no negative effect on the 

sensory attribute of preference. This was in accordance with literature data [12]. 
 
4. Conclusion  
The results of this study showed that the utilisation of SEO retarded microbial growth in fresh pork 
sausages. Use of SEO (at 0.05 µL/g) did not have a negative effect on the sensory attribute of 
preference by consumers, compared with control sausages. The overall results show that essential oil 
obtained from sage herbal dust (a food industry by-product) could be successfully applied in the 
formulation of fresh pork sausages as an antimicrobial agent.  
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Abstract. One of the most important control parameters for mechanically separated meat 
(MSM) is the calcium content, which indicates the presence of bone. The aim of this study was 
to examine the calcium content in three types of locally-produced MSM from differing animal 
species. Calcium was quantified in the examined samples of MSM, using indirect titration, and 
three differing napthol indicators (eriochrome black T, hydroxy naphthol blue and hydroxy 
naphthol blue disodium salt) were used to track the end point of titration. Each of the three 
different indicators showed a recovery of more than 90% when examining a certified reference 
material, and so all three could be successfully used to determine the amount of calcium in 
MSM. The calcium levels in the MSM samples examined were in the range of 0.050 to 
0.100%, with that of beef MSM being the highest. Using a previously published binary logistic 
regression model for classifying meats as MSM, this corresponded to probabilities of between 
0.69 and 0.94, confirming that the three types of MSM examined could indeed be properly 
classified as MSM. 

1.  Introduction 
Mechanically separated meat (MSM) or mechanically recovered meat are generic terms used to 
describe residual meat that is separated using machinery from animal bones or carcasses from which 
most of the meat has previously been removed manually. Mechanical separation involves grinding 
meat and bones together, as well as passing the mixture through micro sieves or slits to remove bone 
particles [1,2]. This process enables the use of most of the meat remaining on the bones, which would 
otherwise be difficult or unprofitable to use. The resulting MSM has the appearance of finely chopped 
meat. Lipid oxidation is a major factor in reducing the quality and acceptability of meat products, 
those MSM with a high degree of unsaturation and fat content are more susceptible to lipid oxidation 
[3]. Meat quality changes can be also perceived by changes in taste, color, texture, nutritional value 
and the production of potentially toxic compounds [4]. While the amount of calcium is a quality 
parameter that does not change over time, but the amount above the permissible limit is forbidden in 
MSM. The chemical composition of MSM is variable due to the natural variation within and between 
animal species, diet regimens, age of slaughtered animals, meat pieces, bones, pre-treatment of bone 
(freezing), and machine type in the production process [5]. Poor installation of equipment can also 
lead to the production of an unacceptable particle size, which affects the quality of products that 
contain MSM. During the mechanical separation of the bones from the meat, it is inevitable that some 
bone particles pass into the MSM. These particles contain high levels of calcium, which is reflected in 
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higher calcium levels in MSM than in the meat [6]. Calcium increases during calcification processes, 
it varies with bone type, as well as with species, feeding or age of the slaughtered animals. 

Determination of calcium content in MSM is an indicator of the amount of bone in the product, and 
can be used to control the yield of mechanical separation processes [7]. Calcium makes up about 37% 
of the content of bone ash, so that the content of calcium and ash can be used equally to estimate bone 
content. The calcium content is frequently used as one of the criteria to identify MSM, although the 
starting material can also affect the amount of calcium in MSM [8]. Testing and control of MSM is 
important because the product is used in the composition of some sausages, salami and dry soups, in 
amounts up to about 24% [11]. With increasing use of MSM in such products, besides standard 
determination of nutritional value, it is also important to control the amount of calcium present. 

Chemical methods for the determination of mineral matter or ash in MSM are indirect methods for 
determining the percentage of bone in the product, but at the same time they are used as a parameter 
for recognizing different types of MSM. Different methods are used to determine calcium. Calcium is 
determined using the atomic absorption spectrophotometry method (ISO 6869: 2000) and the AOAC 
method, using inductively coupled plasma-optic emission spectrometry [9]. Determination of calcium 
in a food matrix can also be performed using a standard titration method. The method especially 
standardised for the determination of calcium in MSM is the AOAC Official Method [10]. The 
advantages of this method are that it is simple and quick, but also it does not require the use of 
expensive instrumentation.  

The aim of this study was to determine the amount of calcium present in different types of locally-
produced MSM using the AOAC titration method [10] and compare the results with a previously-
published regression analysis for classifying product as MSM [7]. In addition, three different napthol 
indicators were used to determine the calcium content of a reference MSM. 

2.  Materials and Methods 
The amount of calcium was determined in MSMs (beef, chicken and turkey meat) which had been 
produced for further use in food products in Serbia. The certified reference material used was beef 
MSM (DRRR, Germany). All chemicals used were p.a. purities. Indirect titration with the disodium 
salt of ethylenediaminetetraacetic acid was used, and the titrations were conducted using a calcium 
carbonate solution. Amounts of MSM (10 g) were digested in a solution of hydrochloric acid, the 
solution cooled and filtered through filter paper. The aliquoted digests were diluted volumetrically 
with distilled water and potassium hydroxide and potassium cyanide were added; the final pH was 
12.5±0.2. The solutions were titrated, with the titration end point being the appearance of violet color 
for the indicator hydroxyinatol blue, but two other indicators were used in parallel: disodium 
hydroxyphenol blue (end point a purple colour) and eriochrome black T (end point a red colour). 

The limit of detection (LOD) and limit of quantification (LOQ) were calculated from 
measurements using blank samples. Standard deviations were calculated using ten independent 
measurements of blank samples. LOD was defined as 3× the standard deviation. The LOQ was 
defined as 10× the standard deviation. 

3. Results and Discussion 
Table 1 shows the mean calcium content of different MSM matrices after titration with different 
indicators.  

Table 1. Calcium content (mg/kg) measured in different types of MSM (10 replications) 
Replication Beef Chicken Turkey 

1 890 750 680 
2 995 780 620 
3 895 680 690 
4 890 700 700 
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5 1000 760 850 
6 990 900 860 
7 1000 790 800 
8 980 500 780 
9 990 550 760 
10 900 800 770 
Mean value 
(mg/kg) 

953 721 790 

 

The mean calcium content for beef MSM was 953 mg/kg, or in the range from 0.089 to 0.100%, and 
this was the highest calcium level detected in the MSMs examined. The quantities of calcium 
measured in chicken and turkey MSM ranged from 0.05 to 0.09%; and 0.062 to 0.086%, respectively. 

In order to validate the method and determine the recovery, the calcium content in the certified 
reference material was determined using the three different indicators, and the results obtained are 
shown in Table 2. The certified reference material had a calcium content of 830 mg/kg (ppm), as 
stated by the manufacturer. Among the three indicators, Eriochrome black T indicator produced the 
greatest accuracy when used as a titration indicator (Table 2). However, it should be noted the pH 
range of this indicator is 7.5 to 10.5, which is not entirely suitable for this analysis. The disodium salt 
of hydroxy naphthol blue, on the other hand, more satisfies the pH range for the determination, i.e. the 
pH range of this indicator is from 12 to 13. In spite of that, this indicator recovered slightly lower 
calcium levels in the reference material (Table 2). 
 

Table 2. Calcium levels (mg/kg) in certified reference material detected by titration using three 
different indicators, and calculated means, standard deviations, relative standard deviations (RSD) and 

biases 
Replication Eriochrome black T Hydroxy naphthol 

blue  
Hydroxy naphthol blue 

disodium salt 
1 850 850 820 
2 860 870 855 
3 820 830 890 
4 845 880 845 
5 865 900 865 
6 870 840 865 
7 865 880 870 
8 885 910 890 
9 835 860 855 
10 830 820 845 

Mean value 
(mg/kg) 

853 864 860 

Standard deviation 
(mg/kg) 

20.17 29.51 21.21 

RSD, % 2.37 3.42 2.47 
Bias, % 2.77 4.10 3.61 

 
The indicators used in the study are all naphthols, and showed good agreement and high accuracy in 
the determination of calcium (Table 2). Recoveries were greater than 90%, which confirms that all 
three tested indicators could be successfully used to determine the amount of calcium in MSM. 
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It is important to emphasize that pH has a high impact on the titration reaction and the formation of 
a complex compound. Also, cyanide ions that mask the presence of other ions in solution and enable 
better determination are of great importance in determining calcium levels. 

The LOD for any analytical procedure, the point at which analysis is just feasible, is determined by 
a statistical approach based on measuring replicate blank (negative) samples or by an empirical 
approach, consisting of measuring progressively more dilute concentrations of analyte. The LOQ, or 
concentration at which quantitative results can be reported with a high degree of confidence, is 
likewise determined by either approach.  Table 3 shows the values obtained for the detection limit and 
limit of quantification using the blank sample and all three types of indicators. 
 
Table 3. Calcium levels (mg/kg) in blank material detected by titration using three different indicators, 

and calculated means, standard deviations, LODs and LOQs 
 
Replication Eriochrome black T Hydroxy naphthol 

blue  
Hydroxy naphthol blue 

disodium salt 
1 8 24 12 
2 16 35 15 
3 0 12 30 
4 24 16 25 
5 20 18 36 
6 10 20 24 
7 12 22 8 
8 22 30 16 
9 23 35 26 
10 28 10 14 

Mean value 
(mg/kg) 16.3 22.2 20.6 

Standard deviation 
(mg/kg) 

8.69 8.85 8.91 

LOD (mg/kg) 26.07 26.55 26.73 
LOQ (mg/kg) 86.90 88.50 89.10 

 
In the EU, the maximum calcium level for the so-called low pressure MSM is 100 mg/100 g (1000 

ppm). Therefore, machinery should be adjusted so as not to exceed this limit. In addition to the 
percentage of calcium, bone particles and their size are also of great importance, because large 
particles might cause a gritty texture and potential dental problems. Therefore, bone particle size is 
regulated in places like the United States, where 90% of the bone particles cannot exceed 0.5 mm and 
no particle should be larger than 0.85 mm. A high bone content, such as we detected in our beef MSM, 
means that the pressure used in the deboning process was too high or that the meat-to-bone ratio was 
too low. 

The European Food Safety Authority (EFSA, Italy) conducted a binary logistic regression analysis 
to identify the probability of a product being classified as MSM based on calcium content, among 
other things. This analysis showed calcium was the most appropriate indicator for classifying a 
product as MSM [7]. According to that model, a calcium content corresponding to probabilities from 
0.05 to 0.99 qualify a product to be classified as MSM [7]. Our results for calcium content in the 
examined MSM were in the range of 50 to 100 mg/100 g, and from the binary logistic regression 
model, this corresponds to probabilities of between 0.69 to 0.94, indicating that the products should be 
classified as MSM. This confirms that the three types of MSM examined can indeed be classified as 
MSM, because they were in the given range of probability of the model. 
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4. Conclusion  
This work showed that all three types of tested indicators can be used during the examination of the 
presence of calcium in MSM. The highest accuracy was obtained using the Eriochrome black T 
indicator, and it achieved the smallest LOD and LOQ among the three indicators. It is important to 
note that the detection limits and quantification limits for calcium testing obtained by using the 
different indicators did not differ much. From the presented results obtained by determining the 
presence of calcium in commercial MSM, it can be concluded that all examined MSM products had a 
calcium content below the limit prescribed by Serbian legislation. 
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Abstract. The present study was conducted to estimate the effectiveness of sanitary procedures 

on food contact surfaces and food handlers’ hands in Serbian retail establishments. For that 

purpose, a total of 970 samples from food contact surfaces and 525 samples from workers’ 

hands were microbiologically analyzed. Results of total aerobic plate count and total 

Enterobacteriaceae count showed that the implemented washing and disinfection procedures, 

as a part of HACCP plans, were not effective enough in most retail facilities. Constant and 

intensive education of employees on proper implementation of sanitation procedures are 

needed in order to ensure food safety in the retail market.  

1. Introduction

Food safety is primarily achieved through a preventive approach such as the implementation of a food 

safety management system based on the principles of Hazard Analysis and Critical Control Point 

(HACCP) and good hygiene practice (GHP). Good cleaning practices are prerequisites to the 

implementation of an HACCP system and are essential for the production of safe food. Food contact 

surfaces are considered a major concern for food service facilities in controlling the spread of food-

borne pathogens because cross contamination via food contact surfaces has been identified as a 

significant risk factor [1]. Likewise, improvement of the hand hygiene of workers who come into 

direct contact with food during retail sale of food is of great importance in prevention of food-borne 

diseases [2]. Food contact surfaces include food containers, utensils, plates, cooking kettle, cutting 

boards, slicers, knives, steel pallets and spatulas, stainless steel gastronorms and plastic vessels for 

food distribution [3].  

Pathogens are often found attached to the food contact surfaces of processing equipment, such as 

knives, cutting boards and the conveyor belts of slicing machines and these are typically made of 

stainless steel, plastic and polyester urethane (PSU), respectively. As microbiological indicators of 

surface hygiene, the aerobic plate count and total Enterobacteriaceae count are the most frequently 

examined microbiological parameters [4]. In the past two decades, serious outbreaks of food-borne 

disease were caused by Listeria monocytogenes, a pathogen frequently found in retail delicatessens 

[5]. In addition, L. monocytogenes can form biofilms, and thus, successfully persist in retail and/or 

food processing establishments, which makes this pathogen a significant concern for the food industry 

and a serious threat to public health. Especially on porous surfaces (such as damaged or old plastic 

conveyor belts) or in the niches where it is difficult to access, the bacteria can persist and form 

biofilms [6], after which, routine cleaning may not eliminate them. Thus, it is of great importance to 

implement sanitary procedures to ensure thorough removal of impurities and minimizing the number 

of microorganisms on the surfaces to a minimum acceptable level. Therefore, to ensure the safety of 
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the finished food product, it is necessary to control the cleanliness of the environmental surfaces in 

processing and retail levels, as well as of the hands of workers who manipulate food. 

The aim of this study was to estimate the effectiveness of sanitary procedures on food contact 

surfaces and food handlers’ hands in Serbian retail establishments. 

2.  Materials and Methods 
During a one year period (from July 1, 2016 to June 30, 2017), an assessment of the process hygiene 

was carried out in retail facilities in Serbia. A total of 524 retail facilities were included in this study, 

where 970 food contact surfaces and 525 food handlers’ hands were investigated for microbiological 

parameters of process hygiene. Depending on size and capacities, retail facilities were classified into 

categories (A, B and C), where facilities of A category were the largest. The number of samples in 

each facility was adjusted according to those criteria (Table 1).  

 

Table 1. Number of swabs sampled for the estimation of process hygiene in 

different categories of retail facilities 

Category of 

retail 

facilities 

Number of facilities 

Number and type of swab samples 

Food contact 

surfaces 

Food 

handlers’ 

hands 

A 128 384 128 

B 191 382 191 

C 205 204 206 

Total 524 970 525 

 

2.1. Swab samples 

Swab samples from the food contact surfaces or food handlers’ hands were taken after cleaning, 

washing and disinfection procedures. Sampling was conducted according to the standard method [7]. 

On the sampling day, swabs were transported to the laboratory in a hand-held refrigerator and 

analyzed within 24 h. 

 

2.2. Microbiological examinations 

Depending on the surface from which the swab was taken, microbiological analyses were performed. 

Namely, aerobic plate count, total Enterobacteriaceae count and the presence of L. monocytogenes 

were analyzed in samples from the surface of the equipment and tools, such as slicing machines, 

cutting boards, knives or hatchets. The surfaces of food handlers’ hands were tested for aerobic plate 

count and total Enterobacteriaceae count. The microbiological examinations were performed 

following standard SRPS ISO methods: aerobic plate count [8]; total Enterobacteriaceae count [9] and 

detection of L. monocytogenes [10]. Results of the microbiological analyses were expressed as number 

of bacteria per cm2 (CFU/cm2) and number of bacteria per swab (CFU/swab), for swabs taken from the 

food contact surfaces and food handlers’ hands, respectively (data not shown). 

 

2.3. Evaluation of microbiological results  

The assessment of the obtained results of microbiological contamination was carried out in accordance 

with the limit values set by the self-control plans of each retail food business operator (Table 2). These 

compliance criteria were selected because they were practical, achievable and verifiable for the 

evaluation of hygiene and sanitation program in the food industry.  

 

 

 

 



3

1234567890

59th International Meat Industry Conference MEATCON2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 85 (2017) 012057    doi   :10.1088/1755-1315/85/1/012057

 

 

 

 

 

 

Table 2. Microbiological criteria–limit values contained in the self-control plans 

of the food business operators 

Microorganisms 
Surfaces 

Equipment and tools Food handlers’ hands 

Aerobic plate count ≤ 10 CFU/cm2 ≤ 1000 CFU/swab 

Enterobacteriaceae ≤ 1 CFU/cm2 ≤ 10 CFU/swab 

L. monocytogenes Absence in 100 cm2  

 

3.  Results and Discussion 
Serbia, within its process of legal harmonization with the EU, recently reorganized its food safety 

system to comply with European Union (EU) regulations according to acquis communautaire [11]. 

Among the legislative changes, a new Food Safety Law was introduced in 2009 [12] and a Veterinary 

Law in 2005 [13]. This mandatory law requires implementation of a food safety system based on 

HACCP principles for all subjects in the food chain, except primary production [14].  

As hygiene indicator organisms, aerobic plate count and Enterobacteriaceae count in samples from 

the surfaces were investigated. The limit that distinguishes dirty (or unsatisfactory) from clean (or 

satisfactory) food contact surface is not defined by current Serbian or EU regulations. Therefore, food 

business operators engaged in the production, processing, and distribution of food are obliged to 

define the limit values for their own process hygiene parameters [15]. 

During the one year period, in 524 retail facilities (128 A category, 191  B category, and 205  C 

category), 1495 swabs were examined: 970 from food contact surfaces (slicing machines, cutting 

boards and knives or hatchets) and 525 swabs from food handlers’ hands (Table 1). A high standard of 

hygiene in the working environment, in particular on food contact surfaces, equipment and facilities, is 

a fundamental requisite for the prevention of microbial contamination of food [16]. Traditional 

microbiological analyses (aerobic plate count and Enterobacteriaceae) are generally used to evaluate 

the effectiveness of sanitation operating procedures. Results of analyzed data for aerobic plate count 

and total Enterobacteriaceae, in samples from the food contact surfaces, are presented in Table 3. 

 

Table 3. Results of the process hygiene estimation in different categories of retail facilities 

Category 

of retail 

facility 

 

Noa 

 

Non-

compliant 

No. of 

swabs 

Non-

compliant 
Finding/Frequency (%) 

nb % nc % APCd % ENTe % 

TBC

+ 

ENT
f 

% 

A  128 91 71.09 384 177 46.09 127 71.75 9 5.08 41 23.17 

B  191 109 57.07 382 146 38.22 118 80.82 1 0.7 27 18.48 

C  205 108 52.68 204 84 41.18 69 82.14 1 1.19 14 16.67 

aNumber of retail facilities 
bNumber of all non-compliant retail facilities 
cNumber of non-compliant swabs 
dAerobic plate count 
e Enterobacteriaceae 
fAerobic plate count + Enterobacteriaceae 

The results showed that 41.96% of the total swabs tested did not fulfill the process hygiene criteria, 

whereby increased aerobic plate counts were, for the most part, the reason for the non-compliant 
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results in all facility categories (A – 71.75%, B – 80.82%, and C – 82.14%). These findings should 

alert food business operators and trigger them to properly apply effective sanitary procedures. During 

the examinations, L. monocytogenes was detected in only one sample from the surface of a plastic 

cutting board (data not shown). Lakićević and Nastasijević [5] stated that risk mitigation strategies for 

L. monocytogenes should be based on integrated control along the food chain continuum, from farm to 

retail establishment, in order to ensure food safety, especially safety of ready-to-eat foods. Inadequate 

cleaning and disinfection of food contact surfaces can result not only in the reduction of the shelf-life 

of food, but also in the possible presence of pathogens, particularly problematic for those with a low 

minimum infective dose [17]. 

 

Table 4. Microbiological status of the food handlers’ hands 

Category of 

retail 

facility 

No of 

swabs 

Non-compliant Finding/Frequency (%) 

Na % APCb % ENTc % 
APC+

ENTd 
% 

A 128 45 35.15 30 66.67 -  15 33.33 

B 191 51 26.70 32 62.74 -  19 37.25 

C 206 69 33.49 59 85.50 -  10 14.49 

a Number of non-compliant swabs 
b Aerobic plate count 
c Enterobacteriaceae 
d Aerobic plate count + Enterobacteriaceae 

 

The results of microbiological examinations of swabs from the food handlers’ hands (presented in 

Table 4) are worrying. Of 524 swabs, 169 (31%) were non-compliant in relation to the set limits (A – 

35.15%, B – 26.70%, and C – 33.49%). These findings are very close to those in 2012 conducted by 

Rašeta et al. [2]. Workers who manipulate food must be trained, informed and competent in food 

handling. Constant attention and compliance with the norms of GHP within HACCP are of great 

importance, since it is apparent that when workers become less attentive, it reflects immediately on 

hygiene results. Green and Selman [16] found that non-compliant results were obtained in cases when 

workers did not pay enough attention to the execution of work procedures/operations for hand 

washing. Results of the present study confirm a similar situation in Serbian retail establishments. 

Protection of hands with gloves is considered an effective way of preventing the transmission of 

bacteria to food [17,18]. 
 

4.  Conclusion 

The results show that the washing and disinfection procedures are not effective enough in most retail 

facilities. This relatively large study has shown that in all facilities where food is manipulated, even if 

HACCP has been introduced, constant and intensive education of employees on the proper 

implementation of sanitation procedures must be employed. Definitely, only proper sanitation will 

help to reduce the presence of microorganisms, some potentially pathogenic, which can negatively 

affect the microbiological status of the foodstuffs. 
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Abstract. Honey is a viscous, aromatic, sweet food that is consumed and enjoyed by people 

around the world due to its unique nutritional and medicinal properties. The physicochemical 

parameters of natural honeys, such as moisture, reducing sugars, sucrose, 

hydroxymethylfurfural (HMF), free acidity, diastase activity, water-insoluble content and 

electrical conductivity are strictly defined and constitute the quality indicators which 

characterize individual honey varieties. The present study shows results of honey quality 

investigation from various regions of Serbia, which were evaluated according to the Serbian 

Regulation. A total of 372 honey samples (132 acacia honey, 221 blossom honey and 19 

honeydew honey) were obtained from the Serbian market. All applied methods were performed 

according to the Harmonized Methods of the International Honey Commission. Summarizing 

the results presented, the most important parameters for detecting honey that was non-

compliant with the regulation were HMF content along with diastase activity and sugar 

content. Results show that in 2014 and 2015, a great number of honey samples were of 

insufficient quality to satisfy regulatory requirements. In 2016, the situation on the Serbian 

honey market improved and became more under control. 

1. Introduction 

Honey is a viscous, aromatic, sweet food that is consumed and enjoyed by people around the world 

due to its unique nutritional and medicinal properties [1]. According to [2], the annual production of 

honey in Serbia has increased. About 8554 tonnes, 4383 tonnes and 12263 tonnes were produced in 

2013, 2014 and 2015, respectively. Average consumption of honey per year is estimated to be only 

0.85 kg per capita [3]. All quality criteria of honey are described by law, including the quality control 

of honey, and rules on the conditions for the production and marketing of honey [4]. The 

physicochemical parameters of natural honeys, such as moisture, reducing sugars, sucrose, 

hydroxymethylfurfural (HMF), free acidity, diastase activity (DN), water-insoluble content and 

electrical conductivity are strictly defined and constitute the quality indicators which characterise 

individual honey varieties [5]. The beneficial properties of honey alongside with limited availability 

have increased demand and the high price of honey has produced heightened interest in its adulteration 

[6]. The most common forms of honey tampering are the addition of cheap sweeteners (such as cane 

sugar or refined beet sugar, corn syrup, high fructose or maltose syrup) and honeybees fed with 

sucrose [7]. 

 Table 1 shows the identity and minimum quality requirements for honey (physicochemical 

parameters) regarding to the Regulations in Europe and Serbia [4, 5]. The present study shows results 

http://creativecommons.org/licenses/by/3.0
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of honey quality investigation from various regions of Republic of Serbia. Chemical and physical 

properties of honey are evaluated according to the Serbian Regulation [5]. 

 
Table 1. Regulatory values of chemical and physicochemical parameters for honey [4, 5] 

Chemical and physicochemical 

parameters 

Composition criteria 

Moisture In general: Not more than 20% 

Heather and baker’s honey: Not more than 23% 

Baker's honey from heather: Not more than 25% 

Free acidity In general: Not more than 50meq/kg 

Baker’s honey: Not more than 80meq/kg 

Diastase activity In general, except baker’s honey: Not less than 8 

Not less than 3* 

HMF In general, except baker’s honey: Not more than 40mg/kg 

Not more than 80 mg/kg** 

Glucose and fructose content Blossom honey 60≤ 

Honeydew honey, blends of honeydew honey with blossom honey45%≤ 

Sucrose In general: Not more than 5% 

False acacia, alfalfa, Menzies Banskia, French honeysuckle, red gum, 

leatherwood, Citrus spp.: Not more than 10% 

Lavender, borage: Not more than 10% 

Electrical conductivity Honey not listed below, and blends of these honeys: Not more than 0.8 

mS/cm  

Honeydew and chestnut honey and blends of those except with those listed 

below: Not less than 0.8 mS/cm; exceptions: strawberry tree, bell heather, 

lime, ling heather, manuka or jelly bush, tea tree 

Water-insoluble content In general: Not more than 0.1% 

Pressed honey: Not more than 0.5% 

*honeys with low natural enzyme content (e.g. citrus honeys) and an HMF content of not more than 15 mg/kg. 

**honeys of declared origin from regions with tropical climate and blends of these honeys 

 

2. Materials and methods 

2.1. Honey samples 

The total of 372 honey samples (132 acacia honey, 221 blossom honey and 19 honeydew honey) were 

obtained from different regions from the Serbian market. The sample distribution by the year was: 

2014: 21 samples of acacia honey, 39 samples of blossom honey and 4 samples of honeydew honey; 

2015: 35 samples of acacia honey, 74 samples of blossom honey and 9 samples of honeydew honey; 

2016: 76 samples of acacia honey, 108 samples of blossom honey and 6 samples of honeydew honey. 

All samples were stored at ambient temperature prior to analysis. 

 

2.2. Methods of physical and chemical analysis 

All applied methods were performed according to the Harmonized Methods of the International Honey 

Commission [8]. The moisture content (%) was determined from the refractive index of the honey by 

reference to a standard table. Free acidity was determined by titration to pH 8.30 and expressed as 

milliequivalents/kg (meq/kg). Electrical conductivity (mS/cm) was performed using a conductivity 

meter at 20°C in a 20% (dry matter basis) solution of honey samples prepared with ultrapure water. 

Content of insoluble matter (%) is defined as that material found by the procedure to be insoluble in 

water. Determination of sugars (glucose, fructose and sucrose), (%) were performed with a Waters 

2690 high-performance liquid chromatograph equipped with a refractive index (RI) detector (Waters 

model 2414). Duplicate injections were performed and average peak areas were used for the peak 

quantification. Glucose, fructose and sucrose purity ≥99.5 % (Sigma–Aldrich) were used as standards 

to determine the sugar content of honey. Quantification was performed according to the external 

standard method on peak areas. Determination of DN after Schade was performed and results are 
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expressed in Göthe units per gram of honey. The concentration of 5-(hydroxymethyl)-furan-2-

carbaldehyde (HMF) was determined using reverse phase HPLC equipped with UV detection and 

result is expressed in mg/kg.  

 

2.3. Statistical analysis 

For statistical evaluation of data and graphical expression of results Microsoft Excel with Data 

Analysis Tool Pack from MS Office was used. 

 

3. Results and discussion 

Analysis of the water content showed that all samples were in accordance with the regulation, and the 

maximum value of 20% was not exceeded [4,5]. The results obtained were similar compared to data 

reported in studies of 201 honey samples originating from the entire territory of Serbia which was 

performed during 2009 (average moisture content ranged from 16.12% in acacia honey samples to 

17.98% in sunflower honey samples), [9]. In 187 evaluated honeys harvested in Northwest Spain, the 

average water content was 17.6% [10], and in 39 pine honey samples in Greece, water content was 

between 10.50% and 20.50% [11]. 

 The water-insoluble content in all honey samples were similar and ranged from 0.01% to 0.04% 

and all these values were lower than the permitted limit (at most 0.1%). The water-insoluble content is 

an indicator of purity of honey, because it is defined as that matter which is not soluble in water, such 

as pollen, honeycomb and mineral particles, etc. [12]. Similar results for the water-insoluble content in 

honey were reported in the study of acacia and linden honey samples in Croatia [13]. 

 The mean free acidity values of honey ranged from the lowest 10.82 meq/kg (2014), 10.87 meq/kg 

(2015) and 8.23 meq/kg (2016) for acacia honey; 17.44 meq/kg (2014), 14.65 meq/kg (2015) and 

16.46 meq/kg (2016) for blossom honey to the highest 26.03 meq/kg (2014), 18.53 meq/kg (2015) and 

23.59 meq/kg (2016) meq/kg for honeydew honey. Free acidity values of all examined honeys were 

below the legal limit (lower than 50 meq/kg). Free acidity is an important parameter which is 

characterised by the presence of organic acids in equilibrium with lactones, internal esters and some 

inorganic ions such as phosphates, sulphates and chlorides [14]. Although higher values for free 

acidity can be indicative of fermentation of sugars into organic acids [6] and related to the 

deterioration of honey, variation in free acidity among different honeys can be explained by blossom 

origin, the presence of different organic acids or some inorganic ions, geographical origin or harvest 

season [15,16]. The results obtained in the current study agree with data in the literature [9,17,18,19]. 

 Diastases (α-and b-amylases) are enzymes naturally present in honey. Diastase content depends on 

the blossom and geographical origins of the honey. They are sensitive to heat (thermolabile) and 

consequently are able to indicate overheating of the product and the degree of preservation [20]. 

Similar to HMF content, the activity of diastase (DN) can be used as an indicator of aging and 

increased temperature, because the activity of this enzyme can be reduced during storage or when the 

product is subjected to heating above 60°C [18]. The current law stipulates a minimum DN value of 

8.00 Göthe units. However, honeys with naturally lower DN tolerate a minimum of 3 Göthe units if 

honeys have up to 15 mg/ kg of HMF [5]. Hence, where DN is low, it is essential that this honey 

sample contain a maximum of 15 mg/kg of HMF, because as DN is low, it is necessary to prove that 

honey has not undergone heat treatment or prolonged storage [6]. The lowest mean DN values were in 

acacia honey samples (in 2014, 2015 and 2016 were 13.05; 8.86 and 11.60, respectively), while the 

highest mean DN values  were in samples of honeydew honey (18.72; 15.63 and 23.50, respectively). 

The mean DN values for during 2014, 2015 and 2016 in blossom honeys were 14,30, 11.86 and 16.96, 

respectively. In 2014, analysis showed non-compliant DN levels in 13 acacia honey samples 

(61.90%), 16 blossom honey (42.11%) and 1 honeydew honey (25%); in 2015: 20 samples of acacia 

(57.14%), 41 blossom (56.16%) and 8 honeydew honey samples (88.89%); in 2016: 13 acacia honey 

samples (17.11%) and 10 blossom honey (9.26%). All these honey samples contained low diastase 

activity (DN), which were below a minimum value of 8.00. According to the results of a study in 

which the bees were fed with commercial glucose [21], bees should not be fed glucose in excessive 
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amounts, as this could promote an enzyme deficiency (especially diastase) among enzymes which 

convert glucose and fructose. Honeys with lower enzyme content are produced from young nectars in 

early spring and a low enzyme concentration is caused by a low concentration of nectar and higher 

sugar content with reduced activity of the bees during their growth [22]. 

 The range of HMF content in acacia honeys was 3.07-140.06 mg/kg (2014); 2.11-387.43 mg/kg 

(2015) and 0.57-211.35 mg/kg (2016), while HMF in blossom honeys was 1.15-234.15 mg/kg (2014); 

0.58-392.81 mg/kg (2015) and 0.18-265.59 mg/kg (2016). In analysed honeydew honeys, except the 

control in 2015 (range 21.31-363.13 mg/kg ), all HMF levels were lower than the permitted limit 

(max. 40 mg/kg), and so the honeys can be considered as fresh honeys (2014: range 3.84-33.06 mg/kg 

and 2016:1.57-32.81 mg/kg). The HMF results obtained, in general, were higher than reported in 

literature for honeys from Spain (6.80 mg/kg), [23], from Turkey (2.52 mg/kg), [24] and from 

Argentina (8.98 mg/kg), [19]. The Regulations [4,5] set a maximum HMF value of 40.00 mg/kg for 

honey mixtures or processed honey and a maximum value of 80.00 mg kg/kg if the honey and honey 

blends contain a declared origin from regions with a tropical climate. Among the acacia honey 

samples analysed, 21 of them had HMF values above the maximum stipulated [5], 2014: 9 samples 

(42.86%), 2015: 7 (21.21%) and 2016: 5 (6.58%). The number of blossom honeys with HMF values 

above the maximum permitted value (51) was higher (2014: 10 samples (25.64%), 2015: 34 (45.95%) 

and 2016: 7 (6.48%) than the number of acacia honeys that exceeded the limit. For honeydew honeys, 

only 7 samples from 2015 had HMF values above the maximum permitted value (although this was 

77.78% of these honeys in that year). HMF is formed by the decomposition of monosaccharides when 

honey is heated or stored for a long time [6]. High HMF content in honeys can also indicate 

falsification by adding invert syrup, because HMF can be produced by heating sugars in the presence 

of an acid to the inversion of sucrose [18,25]. 

 Since 2015, as a result of harmonization of national legislation with that of the EU, measurement of 

the electrical conductivity of honey has been expanded from only honeydew honey [26] to the other 

types of honey with few exceptions [5]. The electrical conductivity is often used in the quality control 

of honey to distinguish blossom honey from honeydew honey [11]. The Serbian Official Regulation 

on quality of honey [5] recommends a maximum value of 0.8 mS/cm for acacia and blossom honey 

and minimum value of 0.8 mS/cm for honeydew honey. Results of the electrical conductivity of 

honeydew samples, analysed during 2014 and 2015 varied in the range 0.40-2.27 mS/cm (mean 1.15 

mS/cm) and 0.12-1.10 mS/cm (mean 0.33 mS/cm), respectively. Mean values and ranges of 

conductivity for examined honeys in 2016 were 0.16 mS/cm (0.06-0.52) mS/cm; 0.45 mS/cm (0.06-

2.05) mS/cm and 0.94 mS/cm (0.46-1.83) mS/cm for acacia, blossom and honeydew samples, 

respectively. Two samples of honeydew honey (50%) in 2014 and eight samples (88.89%) in 2015 had 

values below the minimum value (1.00 mS/cm), [26], while during 2016, 2 samples of blossom honey 

(2.35%) and 2 samples of honeydew honey (33.33%) had values higher than 0.80 mS/cm and lower 

than 0.80 mS/cm for blossom and honeydew honey, respectively, as defined in the current national 

Regulation [5]. 

 Monosaccharides make up about 75% of the sugars found in honey, along with 10-15% 

disaccharides and small amounts of other sugars [6]. Sugar composition depends mainly on the 

honey’s botanical and geographical origin, and is affected by climate, processing and storage [15,27]. 

In 2014, the ranges of reducing sugars expressed as sum of glucose and fructose, and sucrose contents 

in acacia honeys were 24.54-71.56% and not detected (n.d.)-22.67%, respectively; in 2015, 23.97-

79.13 and 0.99-26.23% and, in 2016, 33.42-76.23 and 0.96-30.72%, respectively, while the range of 

these parameters in blossom honeys were 24.50-79.96% and n.d.-28.18%, respectively in 2014; 20.60-

84.47% and 0.98-48.18% , respectively in 2015 and 36.42-82.80 and 0.63-29.81%, respectively in 

2016. The results for these quality parameters for honeydew honey were 49.97–69.93% and 1.85-

6.13%, respectively in 2014; 33.87-66.36% and 1.11-22.34% in 2015 and 58.03-65.62% and 2.47-

4.98%, respectively in 2016. According to results in 2014, a total of 11 honey samples were non-

compliant for lower content of reducing sugars and for higher content of sucrose than legally allowed, 

which was 52.38% of all examined acacia honeys; 14 samples (35.90%) of blossom honey (reducing 
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sugars) and 5 blosson honey samples (12.82%) (sucrose), plus 2 samples (50%) (reducing sugars) of 

honeydew honey were non-compliant; in 2015 there were 18 non-compliant acacia honeys (51.43%) 

(lower content of reducing sugars) and 20 (57.14%) (higher content of sucrose); for blossom honey, 33 

samples (44.59%), (reducing sugars) and 24 samples (32.43%) (sucrose) were non-compliant, and 8 

honeydew samples (88.89%) (reducing sugars) and 6 samples (66.67%) (sucrose) were non-compliant; 

in 2016, there were 10 non-compliant acacia honey samples (13.16%) (lower contents of reducing 

sugars) and 5 (6.58%), (higher content of sucrose); among blossom honey, 8 samples (7.41%) 

(reducing sugars) and 5 samples (4.63%) (sucrose) were non-compliant. The results obtained for 

reducing sugars and sucrose contents in all examined samples of honeydew honey during 2016 were in 

accordance with composition criteria defined in the current national regulation [5]. 

 Summarizing the results presented, the most important parameters for detecting honey that was 

non-compliant with the law were HMF content along with diastase activity and sugar content. 

Moisture, water-insoluble matter and free acidity alone were not relevant factors for evaluation of 

honey quality. Previous articles on the same topic were of local significance and did not cover the 

entire market of Serbia, or they used insufficient parameters for checking compliance with regulations 

[17,28]. The number of non-compliant honey samples by year and type is shown on Figure 1. Control 

of honey in 2014 and 2015 showed that the quality of honey on the Serbian market was seriously 

affected during this period. These results might indicate possible adulteration [29]. The drastic 

decrease of non-compliant honey among all honey types in 2016 is noticeable. That is the most likely 

consequence of tightening control by government authorities. 

 

Figure 1. Distribution (%) of non-compliant honey samples by year and type 

 

4. Conclusion 
Quality control of honey from the entire Serbian market during the period 2014-2016 showed that the 

most relevant parameters for detecting non-compliant honeys were determination of HMF, sugar 

content and diastase activity. Electrical conductivity was relevant only for determining whether 

honeydew honey conformed with regulation, but free acidity, moisture and water-insoluble matter 

were of no significance for determining compliance of honey with legislation. 

 Results show that in 2014 and 2015, a great number of honey samples were of insufficient quality 

to satisfy regulatory requirements. In 2015, for example, the number of non-compliant honeys 

culminated with almost 83% of acacia honey, 58% of blossom honey and 89% of honeydew honey 

being non-compliant. After government action early in 2016, the situation on the Serbian honey 

market improved and became more under control. The number of non-compliant honey samples 

decreased to under 20% for both acacia and blossom honey. In interpreting the results for the non-
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compliant samples of honeydew honey, it should be noted that relatively few of these were sampled 

and, therefore, the trend must be taken with the reserve. 

 Serbia exports honey, especially rare and valuable honey like acacia, sunflower and linden honey. 

Adulteration and degradation of the Serbian honey quality has a significant impact on the public health 

and economy of the country. Therefore, it is necessary to emphasise the importance of honey quality 

control over the whole territory of Serbia. Positive results of the government action on enhancing the 

quality control of honey show that this control must be continued and maintained. 
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Abstract. To study the effect of pork adipose tissue substitution with vegetable oils in chicken 
frankfurters, six frankfurter formulations were produced: control; with pork backfat; with olive 
oil; with rapeseed oil; with sunflower oil; with palm oil, and; with a mixture of 12% rapeseed 
oil and 8% palm oil. Fatty acid composition and cholesterol content and some oxides thereof 
were determined in the final products. The use of vegetable oils resulted in improvement of the 
fatty acid composition and nutritional of frankfurters. Frankfurters with vegetable oils 
contained significantly less cholesterol and some of its oxides, compared to the frankfurters 
with pork fat. The formulation with palm oil had the least favourable fatty acid composition. 
The use of 12% rapeseed oil improved the ratio of fatty acids in frankfurters with a mixture of 
rapeseed and palm oils. Complete pork fat replacement with vegetable oils in chicken 
frankfurter production is technologically possible. The mixture of 12% rapeseed oil and 8% 
palm oil is a good alternative to pork fat from health aspects. Further research is needed to find 
the most appropriate mixture of vegetable oils, which will produce frankfurters with good 
sensory characteristics, a more desirable fatty acid ratio and high nutritional value. 

1 Introduction 
Meats and processed meats are associated with nutrients and nutritional profiles that are often 
considered negative, including high levels of saturated fatty acids, cholesterol, sodium and high fat 
and caloric contents [1]. Animal fats have long been utilized in processing meat products. However, 
the use of animal fat in meat products has emerged as a topic of increasing concern to consumers [2]. 
Diets rich in animal fat are associated with several types of obesity, hypertension, cardiovascular and 
coronary heart diseases [3]. 

In recent years, consumer demands for healthier meat and meat products with reduced levels of fat, 
cholesterol, decreased contents of sodium chloride and nitrite, improved composition of fatty acid 
profile and incorporated health-enhancing ingredients are rapidly increasing worldwide [4]. Modern 
eating habits have changed towards a diet high in saturated fatty acids and unbalanced in 
polyunsaturated fatty acids, with a high n-6/n-3 ratio [5]. However, this ratio should be ideally <5 [5].  

http://creativecommons.org/licenses/by/3.0
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Frankfurters are non-fermented, emulsion type cooked sausages [6], and are one of the most 
popular traditional meat products in the world [7]. However, their consumption likely has negative 
health effects regarding the amounts and types of animal fats that they contain [8]. 

The potential health risks associated with the consumption of high fat foods has led to development 
of new formulations to modify traditional food products so they contain less fat [9]. The substitution 
of animal fat with vegetable oils has been suggested to improve the fatty acid profile and to decrease 
the cholesterol levels of meat products. Vegetable oils have positive effects on the cardiovascular 
system [3]. 

Therefore, the objective of the present investigation was to examine the effects of pork backfat 
substitution with several vegetable oils and fats on fatty acid composition, cholesterol content and 
some oxides thereof. 

2 Materials and Methods 
Frankfurters made from chicken (boneless breast and thigh) were used in the present research. Six 
different frankfurters were produced, compositions of which are given in table 1. The control 
frankfurters were prepared with pork backfat (Po). The other five types of frankfurters were prepared 
with olive oil (O); rapeseed oil (R); sunflower oil (S); palm oil (Pa), and a mixture of 12 % rapeseed 
oil and 8 % palm oil (Mi). 

Table 1. Frankfurter formulation (%). 

Ingredients Po O R S Pa Mi 

Chicken breasts without skin 23 23 23 23 23 23 
Chicken thighs without skin 23 23 23 23 23 23 
Pork backfat 20      
Olive oil  20     
Rapeseed oil   20   12 
Sunflower oil    20   
Palm oil     20 8 
Nitrite curing salt 1.7 1.7 1.7 1.7 1.7 1.7 
Ice 32 32 32 32 32 32 
Sodium tripolyphosphate 0.2 0.2 0.2 0.2 0.2 0.2 
Mixture of spices 0.2 0.2 0.2 0.2 0.2 0.2 
Sodium isoascorbate 0.075 0.075 0.075 0.075 0.075 0.0705 
Soy protein isolate 2 2 2 2 2 2 

Artificial collagen edible casings, 23 mm in diameter (Naturin GmbH, Weinheim, Germany), were 
used for stuffing the batter. Heat treatment was performed in smokehouse at 78ᵒC until an internal 
temperature of 72ᵒC was achieved. 

Fatty acids in the frankfurters were detected based on their methyl ester content according to the 
method described by Park and Goins [10]. Separation of fatty acid methyl esters was performed on a 
gas chromatograph (Agilent Technologies 6890) with a flame-ionization detector and capillary column 
type HP-88 (100 m x 0.25 mm x 0.20 m). 

The cholesterol content of the frankfurters was determined by the modified method according to 
Ubhayasekera et al. [11]. After saponification of cholesterol with the basic reagent, cleaning of the 
sample was carried out by the SPE procedure using Strata Si-1 columns (Phenomemex 8B-512-
HBJ). The cholesterol content was determined by high pressure liquid chromatography. 

For determination of cholesterol oxides, the method by Ubhayasekera et al. [11] was used. Once 
cholesterol was separated, the sample was cleaned and SPE (Strata Si-1, Phenomemex) was 
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performed. Cholesterol oxides were determined by gas chromatography with capillary column HP-
5ms (30 m x 0.32 mm x 0.25 μm). 

The program package SAS/STAT [12] was used for statistical processing of data and significance, 
means were separated using Duncan’s test. 

3 Results and Discussion 

3.1 Fatty acid profile of frankfurters  
The fatty acid composition of frankfurters is presented in table 2. The highest content of saturated fatty 
acids (SFA) (46.23%) was observed in frankfurters with palm oil (Pa), which was even higher than the 
SFA content in frankfurters with pork fat (41.73%) (Po). The lowest SFA content (12%) was observed 
in frankfurters with rapeseed oil (R). The frankfurters with olive oil (O), sunflower oil (S) and mixture 
of 12% rapeseed oil and 8% palm oil (Mi) had lower contents of SFA as well, compared to the control 
treatment (Po). The differences between frankfurter formulations were statistically significant 
(P<0.001). It is clear that the type of vegetable oil used affected the fatty acid composition of the 
frankfurters. Among the SFAs, the most common was palmitic acid, with the highest content (39.93%) 
in Pa frankfurters and the lowest (8.08%) in S frankfurters. Stearic acid was found at percentages 
among SFA from 2.88% (in R frankfurters) to 13.46% (Po). The differences between frankfurters 
were statistically significant (P<0.001). 

Table 2. Fatty acid composition of frankfurters (mean±standard deviation). 

% of total 
fatty acids  

Treatments 

Po O R S Pa Mi 

C10:0 0.09±0.01a 0.01±0.00c 0.01±0.00c 0.01±0.00c 0.02±0.00b 0.01±0.00
b

C12:0 0.09±0.00b 0.01±0.00d 0.01±0.00d 0.01±0.00e 0.16±0.00a 0.08±0.00
C14:0 1.57±0.11a 0.22±0.03d 0.11±0.02d 0.11±0.01d 1.13±0.24b 0.50±0.07
C16:0 25.98±0.73

b
13.81±0.14

d
8.16±0.28e 8.08±0.30e 39.93±0.58a 21.90±0.3

C16:1n-9c 2.42±0.06a 1.24±0.01b 0.45±0.02dc 0.32±0.00d 0.61±0.19c 0.48±0.05
d

C18:0 13.46±0.09a 3.38±0.09d 2.88±0.08e 4.04±0.03c 4.50±0.25b 3.51±0.11
d

C18:1n-7c 0.18±0.02a 0.02±0.04d 0.05±0.00cb

d
0.04±0.00cd 0.08±0.00b 0.06±0.00

cb
C18:1n-9c 36.22±0.26e 67.17±0.04a 46.24±0.15b 23.51±0.20f 37.27±0.12

d
42.97±0.4

C18:2c9t12 0.00±0.00d 0.02±0.00c 0.03±0.01b 0.00±0.00d 0.04±0.00a 0.03±0.00
b

C18:2c9c1 13.85±0.50
d

10.54±0.15e 32.73±0.10b 61.20±0.52a 11.02±0.38e 23.71±0.1
C18:3n-6 0.05±0.00a 0.02±0.00cd 0.02±0.00cb 0.01±0.00d 0.02±0.00b 0.02±0.00

d
C18:3n-3 0.24±0.03c 0.39±0.03b 0.44±0.00a 0.23±0.01c 0.38±0.04b 0.39±0.01

b
C20:4n-6 0.64±0.12a 0.24±0.02c 0.21±0.02c 0.18±0.02c 0.45±0.09b 0.23±0.04

c
C20:5n-3 0.38±0.26b 0.33±0.01cb 0.00±0.00d 0.02±0.00d 0.82±0.01a 0.16±0.01

d
C22:5n-3 0.12±0.00a 0.02±0.01d 0.03±0.00c 0.03±0.00dc 0.05±0.01b 0.03±0.00
C22:6n-3 0.58±0.38ba 0.40±0.02bc 0.05±0.00d 0.05±0.00d 0.73±0.05a 0.21±0.01

d
ƩSFA 41.73±0.64

b
17.82±0.03

d
12.00±0.24f 13.14±0.29e 46.23±0.11a 26.62±0.4

ƩMUFA 41.68±0.28
d

70.04±0.08a 54.16±0.19b 24.88±0.20f 39.93±0.27e 48.26±0.3
ƩPUFA 16.59±0.40

d
12.14±0.05f 33.84±0.10b 61.98±0.49a 13.84±0.23e 25.12±0.1

n-6 14.59±0.36
d

10.80±0.13f 32.97±0.10b 61.42±0.50a 11.51±0.30e 24.03±0.1
n-3 1.32±0.68b 1.14±0.06b 0.52±0.01c 0.33±0.02c 1.97±0.09a 0.80±0.04

b
n-6/n-3 12.90±5.36

d
9.46±0.63d 63.78±1.23b 185.88±12.74 5.85±0.39d 30.02±1.4

PUFA/SFA 0.40±0.02e 0.68±0.00d 2.82±0.06b 4.72±0.14a 0.30±0.00e 0.94±0.02
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Trans FA 0.28±0.02b 0.15±0.01d 0.36±0.01a 0.09±0.00e 0.10±0.01e 0.23±0.01
IA 0.56±0.01b 0.18±0.00d 0.10±0.00e 0.10±0.00e 0.83±0.01a 0.33±0.01

a-f – Means within a row with different superscript letters are significantly different (P<0.001). 
Po – Pork backfat (control); O – Olive oil; R – Rapeseed oil; S – Sunflower oil; Pa – Рalm oil; Mi – Mixture of 
12% rapeseed oil and 8% palm oil. 
SFA – Saturated fatty acids; MUFA – Monounsaturated fatty acids; PUFA – Polyunsaturated fatty acids; IA – 
Atherogenic index. 

Frankfurters produced with sunflower oil (S) had convincingly the lowest content (24.88%) of 
monounsaturated fatty acids (MUFA). That was due to the low content of these acids in the sunflower 
oil itself. The highest content of these acids was found in frankfurters with olive oil (O) (70.04%). 
There were significant differences (P<0.001) between the amounts of MUFA in the different 
frankfurters. The most abundant MUFA was the cis-form of oleic acid, which ranged from 23.51% (S 
frankfurters) to 67.17% (M frankfurters). In terms of the total percentage of all the fatty acids, it was 
also the most common fatty acid in the frankfurters.  

Polyunsaturated fatty acids (PUFA) were the most plentiful (61.98%) in the frankfurters produced 
with sunflower oil (S). This was a result of the high content of PUFA in sunflower oil. A somewhat 
high PUFA content (33.84%) was also measured in the frankfurters with rapeseed oil (R). Therefore 
the frankfurters with Mi, the composition of which also contained rapeseed oil, were characterized by 
a slightly higher content of PUFA than the other frankfurters, with the exception of the frankfurters 
with S and R. Frankfurters produced with olive oil (M) had the lowest content of PUFA (12.14%). 
Frankfurters with Pa had the highest content of n-3 fatty acids (1.97%), and those with S had the 
lowest (0.33%). Differences between frankfurters were significant (P<0.001). 

The ratio of n-6 to n-3 fatty acids is dependent on the type of oil used in the frankfurters. It can be 
concluded that only frankfurters with Pa (5.85) and O (9.46) had a favourable n-6/n-3 ratio. Other 
frankfurters had unfavourable n-6/n-3 ratios. Frankfurters with S had the most unfavourable n-6/n-3 
ratio (185.88). 

The lowest value of PUFA/SFA ratio (0.30) was found in the frankfurters with Pa (table 2). This 
value is inconvenient because the PUFA/SFA ratio was lower than 0.5. An unfavourable PUFA/SFA 
ratio (0.4) was also found in the Po frankfurters. The highest PUFA/SFA ratio (4.72) was found in 
frankfurters with S. Other frankfurter formulations also had favourable PUFA/SFA ratios which were 
higher than 0.5. Differences between frankfurters were statistically significant (P<0.001). 

The highest content of trans-fatty acids was found in the rapeseed oil formulation (0.36%) and the 
lowest (0.09%) in the sunflower oil formulation. In control frankfurters (Po), trans-fatty acids 
comprised 0.28% of the fatty acids. Frankfurters produced with beef fat contained more trans-fatty 
acids while frankfurters with sunflower oil contained less [13]. Frankfurters formulated with olive oil 
had lower trans-fatty acids content than control frankfurters with pork fat [14]. 

The value of the atherogenic index (IA) is also dependent on the type of oil used in frankfurter 
production (table 2). Values of IA higher than 0.5 are considered undesirable. Unfavourable IA values 
were determined in the palm oil treatment (0.83) and pork fat treatment (0.56). The remaining 
treatments had a favourable IA values. The most desirable IA value (0.10) was found in the 
frankfurters containing rapeseed (R) or sunflower (S) oils. There were significant differences 
(P<0.001) among the frankfurter formulations.  

The results of the present investigation showed that the oils or fats used significantly affected the 
fatty acid composition and the nutritional value of frankfurters. Other researchers also concluded that 
by replacing animal fats with vegetable oils in the beef frankfurter production, the nutritional content 
of product was improved due to alteration of the fatty acid composition [15]. Frankfurters produced 
with sunflower oil, unlike those produced with beef fat, were characterized by a better fatty acid 
composition [13,16]. Generally, from a nutritional point of view, it can be concluded that frankfurters 
produced with vegetable oils are far more favourable than those produced with pork fat, because they 
contain less saturated and more unsaturated fatty acids. 
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3.2 Cholesterol content and cholesterol oxides in the frankfurters 
The cholesterol content of the frankfurters ranged from 37.96 to 48.41 mg/100 g (table 3). In 
frankfurters produced with vegetable oils, the cholesterol content was lower compared to those with 
pork fat. Differences between frankfurters were statistically significant (P<0.001). This means that 
pork fat significantly increased the cholesterol levels in the frankfurters. This stems from the fact that 
plant cells do not contain cholesterol, as opposed to animal cells that do contain cholesterol. 
 

Table 3. Content of cholesterol content and some cholesterol oxides in the frankfurters 
(mean±standard deviation). 

Parameters 
(mg/100g) 

Treatments 
Po O R S Pa Mi 

Cholesterol 48.41±0.89a 38.90±0.38bc 37.96±0.64d 39.24±0.17bc 38.66±0.22c 39.48±0.06b

7b-hydroxy 
cholesterol 1.37±0.37a 0.78±0.06b 1.55±0.76a 0.33±0.13c 1.59±0.12a 1.22±0.13a 

5a-hydroxy 
cholesterol 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a 

20a-
hydroxy 
cholesterol 

1.73±0.11ab 1.79±0.31a 1.55±0.13b 0.51±0.30c 0.09±0.02d 0.19±0.03d 

25a-
hydroxy 
cholesterol 

0.03±0.02a 0.00±0.00b 0.00±0.00b 0.00±0.00bb 0.00±0.00b 0.00±0.00b 

a-d – Means within a row with different superscript letters are significantly different (P<0.001). 
Po – Pork backfat (control); O – Olive oil; R – Rapeseed oil; S – Sunflower oil; Pa – Рalm oil; Mi – Mixture of 
12% rapeseed oil and 8% palm oil. 

In general, the cholesterol content in all six frankfurter formulations was low. The relatively low 
cholesterol content was due to the use of chicken thighs and breasts without skin, by which a good part 
of the cholesterol in the poultry meats was eliminated. Lower fat content in the raw material results in 
lower fat and cholesterol contents in the finished products [17]. The lowest cholesterol content (37.96 
mg/100 g) was measured in the frankfurters with rapeseed oil (R). Frankfurters produced with pork fat 
(Po) had the highest content (48.41 mg/100 g) of cholesterol, which was expected. The cholesterol 
content of commercial chicken frankfurters amounts to 100 mg/100 g [18]. In another study, vegetable 
oil and rice bran fibre-containing reduced-fat frankfurters had significantly lower cholesterol contents 
than the control frankfurters with pork fat [14]. 

From table 3, it is clear there was no 5a-hydroxy cholesterol in frankfurters (levels were below the 
limit of detection). 25a-hydroxy cholesterol was present in trace amounts (0.03 mg/100 g) only in 
control frankfurters (Po). 7b-hydroxy cholesterol and 20a-hydroxy cholesterol were present in all 
frankfurter formulations. The content of 7b-hydroxy cholesterol ranged from 0.33 to 1.59 mg/100 g, 
while the content of 20a-hydroxy cholesterol in frankfurters ranged from 0.09 to 1.79 mg/100 g. There 
were significant differences (P<0.001) between frankfurters. 

4 Conclusion 
Total pork fat replacement with vegetable oils is possible in chicken frankfurter production. In general, 
frankfurters produced with vegetable oils had significantly more favourable fatty acid composition and 
nutritional value (PUFA/SFA ratio, n-6/n-3 ratio and IA value). 

The cholesterol content and some cholesterol oxides in frankfurters with vegetable oils were 
significantly (P <0.001) lower in comparison with pork fat frankfurters. 

From a nutritional health aspect, frankfurters produced with palm oil had the least favourable fatty 
acid composition due to the unfavourable fatty acid composition of palm oil. However, a mixture of 
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12% rapeseed oil and 8% palm oil is a good alternative to pork fat. The use of palm oil improved the 
sensory characteristics of frankfurters (data not shown), while rapeseed oil has improved the fatty acid 
composition and the nutritional value of the products. 

In order to improve the fatty acid composition and nutritional value of frankfurters produced with a 
similar mixture of rapeseed and palm oils, further research is needed. A better mixture of vegetable 
oils will contribute to the preservation of sensory characteristics while improving the fatty acid 
composition and nutritional value of chicken frankfurters. 
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Abstract. The biological effect of porcine hearts and aortas in a hyperlipidemic rat model was 
confirmed. Porcine heart and aorta mixture in a 3:1 ratio was blended, canned and sterilized at 
115°C and 0.23 Mpa for 40 min. Administration of experimental meat product to the animal 
model decreased total cholesterol, triglycerides and cholesterol low density lipoproteins by 
31.8% (P<0.05), 28.2%, and 21.6% (P<0.05), respectively, compared to those of 
hyperlipidemic control rats, as well significantly reducing the serum atherogenic index by 
41.3% (P<0.05) in rats fed the experimental meat product compared with hyperlipidemic 
control rats. Normalization of white blood cell populations was also detected. Monocyte and 
granulocyte counts in blood of rats fed the meat product decreased by 71.1% (P<0.05) and 
57.6% (P<0.05) compared to those of the hyperlipidemic control animals. The 
granulocyte/leucocyte ratio was also reduced by an average of 38.6% (P<0.05) in rats fed the 
meat product compared with hyperlipidemic control rats. The data confirmed the 
hypolipidemic action of the sterilized meat product. Normalization of white blood cell 
populations led us to hypothesize an anti-inflammatory action of the new meat product, which, 
therefore, could be recommended as a part of maintenance therapy for people with lipid 
disorders or atherosclerosis. 

1 Introduction 
Novel technologies are actively sought for implementation in the food industry, and special attention 
is being paid to the development of functional and specialized products. An abundance of publications 
highlights the results of studies aimed at recipe modification by adding essential nutrients as well as 
ingredients of vegetable or animal origin [1-3]. Peptides that naturally occur in raw meats or that form 
during enzymatic hydrolysis or technical processing have become an area of intensive research, 
especially in the last decade. In numerous studies, it was shown that these peptides have characteristic 
antioxidant, hypotensive and anticancer, etc. action [4-8]. 

Modern scientific approaches, particularly proteomics, have enabled confirmation that the 
proteome of each organ or tissue contains constitutive structural and functional proteins, characterized 
by specific proteins and peptides, which are involved in organ/tissue function and support the normal 
physiological state [9]. In this regard, the study of meat by-products as sources of bioactive sequences 
promoting normalization of metabolic disturbance is a challenging scientific task, as is development of 
specialized and functional products utilizing bioactive substances. Previously, a significant decrease of 
total cholesterol, triglycerides and atherogenic fractions of lipoproteins was shown in hyperlipidemic 
rats which received native tissues of cattle and pigs hearts and the aortas [10], while diets with porcine 

http://creativecommons.org/licenses/by/3.0
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hearts and aortas demonstrated the greatest efficiency. Proteomic analysis revealed several specific 
proteins, including apolipoprotein A-1, peroxiredoxin-1, galectin-1, and heat shock proteins in porcine 
aortas. Fatty acid-binding protein was detected in heart. It was also found that these bioactive 
substances are destroyed during sterilization process, except fatty acid-binding protein [11]. 
Nevertheless, we can assume that tissue-specific proteins can decompose into some peptides which 
can also possess biological action similar to that of native tissues. Therefore, the aim of this study was 
to assess the influence of the biological effect of meat product produced from porcine hearts and aortas 
on rat serum lipid profile and white blood cell count. 

2 Materials and Methods 
Meat product was produced using a ZAO Yoshkar-Olinskiy Myasokombinat. Porcine hearts were 
chopped into pieces of 2-3 mm and then salted for 12 h. Aortas were chopped into pieces of 2-3 mm 
and minced in cutter at 3000 rpm for 2-3 min. Heart emulsion was quantitatively added in a 3:1 ratio 
to minced aortas and the mixture was then additionally homogenized at 3000 rpm for 6-8 min. 
Homogenate was packed in cans and sterilized at 115°C, 0.23 MPa for 40 min to produce the meat 
product. 

Thirty male Wistar rats (380±20 g) approximately 1 year old were housed in conventional standard 
conditions; water and feed were available ad libitum. Animals were randomly divided into 3 groups: 
group 1 – negative control (n=10); group 2 – hyperlipidemic control (n=10), and; group 3 – 
experimental (hyperlipidemic+experimental diet; n=10). Group 1 (negative control) were fed standard 
chow (Labkorm, Russia) ad libitum during the study. A rat model of alimentary hyperlipidemia was 
developed in group 2 and 3 rats by adding cholesterol (2.0-10.0%) and fat (10.0-25.5%) to the 
standard diet, and each animal received per os vitamin D2 injection (35,000 IU/kg b.w.). After 
modeling, rats in group 2 (hyperlipidemic control) were fed with standard chow, while group 3 rats 
received meat product (8 g/kg b.w.) mixed with standard chow. All diets were equally balanced 
according main nutrients: protein, fat, minerals, etc., and were fed to the rats for 42 days. 

Forty-two days after rats commenced the experimental diet, they were euthanized in a VETtech 
chamber according to the animal welfare rules, and blood samples for biochemical and flow cytometry 
analysis were taken. Total cholesterol (TC), triglyceride (TG), cholesterol low-density lipoproteins 
(CL LDL) and cholesterol high-density lipoproteins (CL HDL) were measured in rat serum on an 
automatic analyzer BioChem FC-360 (HTI, USA) according to the manufacturer’s instructions for 
measurement kits (HTI, USA). Atherogenic index was calculated as AI = (TC-CL HDL)/ CL HDL. 
White blood cell (WBC), lymphocytes (LYM), granulocytes (GRA) and monocytes (MON) in blood 
were measured on the Guava EasyCyte cytometer (Merck Millipore, Germany).  

STATISTICA 10.0 software was used. Significant differences were tested using two-way analysis 
of variance (ANOVA), followed by Newman-Keul’s test. Differences with P-values less than 0.05 
were considered as statistically significant. 

3 Results and Discussion 
It was shown that long-term consumption of a cholesterol- and animal fat-rich diet led to increases of 
TC, TG and atherogenic fractions of lipoproteins in rat serum. On day 42, rat serum TC, TG and CL 
LDL in the group 2 hyperlipidemic rats exceeded those in group 1 by 35.8% (P<0.05), 17.0% and 
15.5%, respectively. In serum of group 3 rats (fed the experimental meat product), TC, TG and CL 
LDL decreased by 31.8% (P<0.05), 28.2%, and 21.6% (P<0.05), respectively, compared to those of 
the hyperlipidemic control rats (table 1). 
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Table 1. Rat serum lipid profile. 

Group 1 Group 2 Group 3 

CL, mmol/L 2.18±0.12 2.96±0.08* 2.02±0.19# 
TG, mmol/L 1.76±0.27 2.06±0.33 1.48±0.18 
CL LDL, mmol/L 0.84±0.05 0.97±0.02 0.76±0.11# 
CL HDL, mmol/L 0.85±0.03 0.88±0.06 0.81±0.03 
AI 1.58±0.09 2.52±0.12* 1.48±0.22# 

Group 1 = negative control rats. 
Group 2 = hyperlipidemic control rats. 
Group 3 = hyperlipidemic rats receiving meat product. 
Data are shown as mean ± standard error.  
*Significantly different compared with group 1. 
#Significantly different compared with group 2. 

Redistribution of lipoproteins fractions resulted in a significant increase of serum AI in group 2 rats 
compared to that of negative control rats by 59.5% (P<0.05), while in group 3 rats on the experimental 
diet, AI was lower than in hyperlipidemic control rats by 41.3% (P<0.05) (table 1). 

Not only serum lipid profile, but also hematologic parameters have prognostic importance in 
cardiovascular disease. Blood is a carrier of metabolic products from and to the organs and tissues and 
is affected by the clinical status of the tissue environment [12]. Thus, the relation between 
atherosclerosis progression and hematologic parameters is not well defined, but it was determined that 
progression rate of coronary atherosclerosis was shown to be significantly higher in patients with high 
GRA/LYM ratios [13-15], as well as in those with increased MON counts [15,16] which is of great 
importance taking into consideration that monocytes are crucial cells in the genesis of atherosclerotic 
lesions, as they stick to endothelium, which results in cardiovascular disease [17]. 

The WBC count increased by 24.1% in blood of control group 2 rats, mainly due to MON and 
GRA counts, which increased by 2.1 (P<0.05) and 2.4 times (P<0.05), respectively, compared with 
negative control rats. MON and GRA counts in blood of group 3 rats, treated with experimental meat 
product, decreased by 71.1% (P<0.05) and 57.6% (P<0.05) compared to hyperlipidemic control 
animals (group 2) (figure1).  

 

 

Figure 1. WBC, differentiated into LYM, GRA and MON in the three groups of rats. A – group 1 
(negative control), B – group 2 (hyperlipidemic control), C – group 3 (experimental meat product). 

 
The mean GRA\LYM ratio in group 2 rats was 0.57±0.03, which was 2.5 times (P<0.05) greater 

than that of the negative control rats (group 1), while in blood of animals treated with the meat product 
(group 3) for 42 days, the GRA\LYM ratio was 0.35±0.03; this was 38.6% lower than that of the 
hyperlipidemic control rats (figure 2). 
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Figure 2. GRA\LYM ratio in rat blood. 

The results of this study confirm the hypolipidemic action of the prepared porcine meat product, 
despite the fact we previously demonstrated decomposition of functional proteins during sterilization. 
Moreover, normalization of WBC populations was also detected, showing hematopoietic changes due 
to the anti-inflammatory action of the experimental meat product made from porcine harts and aortas. 
The developed meat product could be recommended as a part of maintenance treatment for people 
with lipid disorders or atherosclerosis. 
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Abstract. The objective was to study the relationships between the carcass characteristics and 
meat composition of young Simmental beef, classified with regard to conformation and degree 
of fatness scores, and total lipid content, depending on gender. For this purpose, 90 animals (60 
male and 30 female Simmental beef cattle) were analysed. The results of the study showed that 
gender affected carcass measurement scores and chemical composition of meat through its 
important effect on overall animal fatness. Referring to correlations, male carcass conformation 
score was negatively related to slaughter weight, total lipid content and fatness score. On the 
other hand, slaughter weight, hot and cold carcass weight, dressing percentage and carcass 
conformation was positively related to fatness score, all of them being significant. However, 
female carcass conformation score was positively related to slaughter weight, total lipid 
content and fatness score. Hot and cold carcass weights of female Simmental beef cattle were 
positively correlated to slaughter weight, total lipid content and carcass conformation score. 
Carcass conformation score and fatness score were affected by gender of young Simmental 
beef cattle.  

1. Introduction 
The quality of the beef is affected by many factors, including gender, feeding, animal handling, 
slaughter of animal, genotype of animals [1-3]. In the European Union, beef carcass classification for 
conformation and fatness play important point in marketing within and between countries [4]. 
Nowadays, the food industry prefers to buy steers because they have carcasses with higher fat deposits 
as indicated by fat thickness and marbling [5,6]. Therefore, meat price in the market is positively 
related to carcass conformation [7]. Many studies [8-10] have shown the relationships among 
production factors and beef carcass characteristics. The objectives of this study were to determine the 
relationship between carcass characteristics and meat composition of young Simmental beef cattle, 
using the European beef carcass grading system.  

2. Materials and Methods 
We analysed the carcasses from 60 male and 30 female Simmental beef cattle. Bulls were fasted 18 h 
before slaughter. Final live weights were recorded. Cattle were slaughtered at a commercial 
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slaughterhouse. After slaughter, hot and cold carcass weights were obtained. Dressing proportions 
were calculated as the ratio of cold carcass weight to final live weight.  

The carcasses were divided between the 12th and 13th rib interface into forequarters and 
hindquarters [11]. Carcass were classified using the SEUROP classification scales for conformation 
(S-superior; E-excellent; U-very good; R-good; O-fair; P-poor) scoring from 18 for S+ to 1 for P-. For 
the fatness classification (1-low; 2-slight; 3-average; 4-high; 5-very high) the score was 15 for 5+ and 
1 of 1-. Moisture content was calibrated by reference to an oven drying method [12], fat content by 
Soxhlet extraction [13] and protein content according ISO [14]. Total cholesterol (mg/100 g of 
muscle) was determined according to Maraschiello et al. [15].  

Statistical analyses of the results were conducted using software GraphPad Prism version 7.0 for 
Windows (GraphPad Software, San Diego California USA, www.graphpad.com). All parameters were 
described by descriptive statistics (mean, standard deviation, minimum and maximum value). 
Pearson’s correlation was used to determine relationships among carcass characteristics and carcass 
weight, total lipids, conformation score and fatness score.  

3. Results and Discussion 
Characterization of the experimental population is presented in Table 1. In this study, slaughter weight 
ranged from 403.8 to 715.6 kg (males) and 417.3 to 662.8 kg (female), which is in accordance with 
results of other authors [3, 16, 17]. 

The weights of male yearlings (Domestic Simmental) ranged from 499 kg to 604 kg, while females 
of the same breed ranged from 430 kg to 481 kg [18]. According to Dokmanovic et al. [19], the 
average weight of yearlings was 533 kg for male and 421 kg for female animals. The average hot 
carcass weight and cold carcass weight were similar to those in other studies [20,3]. The dressing 
percentage was between 53.20% and 61.40% (male), 53.30% and 58.30% (female). Our results for 
dressing percentages accorded with those of Waritthitham et al. [21] and Sanudoa et al. [22]. Drca [18] 
reported that male Domestic Simmental cattle in Serbia had dressing percentages between 54.20% and 
55.40%, while females achieved between 53% and 55.40%.  

Average weights of forequarters and hindquarters of males and females are shown in table 1. Males 
had higher forequarter and hindquarter weights than female cattle. Carcass conformation score and 
carcass fatness score were affected by gender. On average, males had leaner carcass than the carcasses 
of females. 

Table 1. Mean, standard deviation (SD), minimum (Min) and maximum (Max) value of carcass 
characteristics of young Simmental beef cattle (male and female). 
 

 Male  Female 
Mean SD Min Max  Mean SD Min Max 

Slaughter 
weight (kg) 

583.9 70.95 403.8 715.6  541.5 55.76 417.3 662.8 

Hot carcass 
weight (kg) 

329.9 50.28 218.0 429.6  305.6 31.82 240.4 385.8 

Cold carcass 
weight (kg) 

322.1 50.05 212.8 421.9  296.5 31.28 234.5 374.3 

Dressing 
percentage (%)a 

56.32 2.32 53.20 61.40  56.42 1.36 53.30 58.30 

Forequarter 
weight (kg)  

176.1 28.40 112.0 234.1  161.5 16.08 128.2 202.6 

Hindquarter 
weight (kg) 

146.1 22.13 100.8 187.8  135.0 15.53 106.3 171.7 

Conformation 
scoreb 

13.91 1.38 12.00 16.00  15.39 0.92 14.00 16.00 

Fatness scorec 9.72 2.17 6.00 15.00  12.88 1.42 10.50 15.00 
a carcass weight x 100/live weight. 
b – 1 = P (poorest) to 18 = S+ (best). 
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c – 1= (leanest) to 15 = 5+ (fattest). 

The chemical composition in this study is represented by several factors: moisture, ash, crude 
protein, total lipids and total cholesterol. Chemical composition of the Longissimus muscle (table 2) 
revealed that the differences in moisture and total lipids content were due to gender. Generally, males 
had lower total lipid content than did females. Minchin et al. [23] suggest that the higher percentage 
for total lipids in cows is due to their high deposition of fat. The low percentage of total lipids in bulls 
is explained by testosterone; this hormone is related to the higher capacity for muscle growth in bulls 
and their lower capacity for fat deposition [24]. Variations in moisture percentage occur when there is 
a variation in lipid percentage in Longissimus muscle [6,25]. Some authors [6,25] reported crude 
protein percentage in Longissimus muscle varying between 21% and 24%. Thus, nutrition and gender 
can alter crude protein percentage in Longissimus muscle of bovines. 

Table 2. Chemical composition (mean, standard deviation (SD), minimum (Min) and maximum 
(Max) values) of Longissimus muscle of young Simmental beef (male and female). 
 

 Male   Female 
Mean SD Min Max  Mean SD Min Max 

Moisture 
(%) 

75.72 1.69 71.45 78.78  72.44 0.85 70.66 74.01 

Ash (%) 0.93 0.14 0.69 1.64  0.89 0.06 0.79 1.02 
Crude 
protein (%) 

21.05 0.75 19.16 22.92  21.01 0.87 18.38 22.26 

Total lipids 
(%) 

2.23 1.50 0.50 6.14  5.71 1.47 3.42 9.34 

Total 
cholesterol 
(mg/100 g 
of muscle) 

49.05 6.12 40.15 62.96  58.83 13.50 43.99 84.12 

Correlations between carcass characteristics and slaughter weight, total lipids, conformation score 
and fatness score of young male Simmental beef cattle are presented in table 3. Slaughter weight was 
positively correlated to fatness score, but negatively to conformation score. Hot and cold carcass 
weight had the strongest correlations with slaughter weight. These relationships are consistent with 
those reported in other studies [26-28]. As carcass weight increased, carcass dimensions (forequarter 
weight and hindquarter weight) increased. Carcass conformation score was negatively correlated to 
slaughter weight, total lipid content and carcass fatness score. On the other hand, fatness score was 
positively correlated to slaughter weight and total lipid content. Not surprisingly, the carcass fatness 
score most strongly associated with total lipid content. Similar results were presented by Indurain et al. 
[4]. 
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Table 3. Correlation coefficients (r) between carcass characteristics with slaughter weight, total lipids, 
conformation score and fatness score of young male Simmental beef. 

 SWc TLd CSb FSe 
Slaughter weight (kg) - 0.002 -0.087 0.408** 
Hot carcass weight (kg) 0.810 0.308 0.014 0.374** 
Cold carcass weight (kg) 0.816 0.317 0.008 0.380** 
Dressing percentage (%)a 0.682*** 0.267 -0.018 0.368** 
Forequarter weight (kg) 0.819 0.341 -0.001 0.357** 
Hindquarter weight (kg) 0.793 0.254 0.022 0.399** 
Conformation scoreb -0.049 -0.123 - -0.060 
Fatness scorec 0.293* 0.349* -0.060 - 

a carcass weight x 100/live weight. 
b Conformation score – 1 = P (poorest) to 18 = S+ (best). 
c Slaughter weight (kg). 
d Total lipids (%). 
e Fatness score – 1= (leanest) to 15 = 5+ (fattest). 
*P<0.05; **P<0.01; ***P<0.001. 

Table 4 shows correlations between carcass characteristics with slaughter weight, total lipids, 
conformation score and fatness score of young female Simmental beef cattle. The female slaughter 
weight was moderately correlated with total lipid content. Similarly, hot carcass weight and cold 
carcass weight had moderate correlations with total lipid content. This is because female cattle deposit 
more fat than males [6]. Males produce higher slaughter weight carcasses than female cattle. This 
greater growth of male in comparison with female cattle seems to be due to the higher production of 
anabolic hormones by the testicles [29]. Dressing percentage was negatively correlated to slaughter 
weight, total lipids, conformation score and fatness score. Carcass fatness score was positively 
correlated with total lipid content and as a consequence, had a similar relationship with the 
conformation score. These relationships agree with results reported earlier [26,28]. 
 
Table 4. Correlation coefficients (r) between carcass characteristics with slaughter weight, total lipids, 
conformation score and fatness score of young female Simmental beef cattle. 

 SWd TLe CS FS 
Slaughter weight (kg) - 0.537 -0.002 -0.105 

Hot carcass weight (kg) 0.176 0.604 0.109 -0.115 
Cold carcass weight (kg) 0.971 0.596 0.097 -0.115 
Dressing percentage (%)a -0.071 -0.064 -0.097 -0.234 
Forequarter weight (kg) 0.959 0.500 0.055 -0.119 
Hindquarter weight (kg) 0.963 0.648 0.139 -0.108 

Conformation scoreb 0.185 0.143 - 0.094 
Fatness scorec -0.054 0.313 0.094 - 

a carcass weight x 100/live weight. 
b CS Conformation score  – 1 = P (poorest) to 18 = S+ (best). 
c FS Fatness score – 1= (leanest) to 15 = 5+ (fattest).  
d SW Slaughter weight (kg). 
e TL Total lipids (%). 
*P<0.05; **P<0.01; ***P<0.001. 
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Abstract. This study aimed to provide information on levels of Mn and Se in four different 
pork cuts (loin, neck, hind leg and shoulder) commercially available on the Serbian market, 
with a view to providing information on dietary intakes of metals associated with the 
consumption of these meat cuts. In total, for 50 pork cuts, the levels of Mn and Se were 
determined by inductively-coupled plasma mass spectrometry (ICP-MS). The following ranges 
of Mn and Se were found (mg kg-1) in loin 0.055-0.130 and 0.074-0.365, in neck 0.014-0.365 
and 0.045-0.196, in hind leg 0.032-0.099 and 0.066-0.123, in shoulder 0.012-0.290 and 0.027-
0.515, respectively. The highest mean levels were obtained for Mn (0.124 mg kg-1) in shoulder 
and for Se (0.209 mg kg-1) in loin. The Estimated Daily Intake (EDI) of essential elements 
through consumption of 114.1 g mammalian meat/person/day was below 1% of Adequate 
Intake (AI) for Mn and between 18.9% and 43.2% of Recommended Dietary Allowance 
(RDA) for Se. 

1. Introduction 
Meat and meat products are an excellent source of the major essential nutrients such as hydrophilic 
vitamins, high quality proteins and minerals etc. Red meat is the ideal dietary source of vitamin B12 
and several minerals, while poultry supplies an important amount of niacin [1]. The levels of essential 
elements (e.g. Zn, Cu, Fe, Mn, Se) in meat depend on meat type [2]. These elements are critically 
important for life, are necessary for adequate physiological function and should be available through 
dietary intake. Insufficient intake of essential elements can cause improper metabolic function and can 
cause fatigue, poor growth, anaemia, chronic diseases and ultimately, death [3]. Essential elements act 
as enzyme cofactors, organic molecule stabilizers, participants in redox reactions etc [4]. 
 The latest available data according to the UK Nutrient Databank [5], maintained by the Food 
Standards Agency, contains extensive information on the nutrient content of foods commonly 
consumed and is published by McCance and Widdowson’s ‘The Composition of Foods’ (CoF) book 
series [6]. This databank contains Mn and Se levels for more than 3000 items of food and alcoholic 
beverages (table 1). It shows that meat and meat products are an average source of Mn and Se in the 
presented food sub-groups (table 1). 
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Table 1. Amounts of Mn and Se in different food sub-groups (adapted from McCance and 
Widdowson, 2015). 

Mn Se 

Food sub-groups Range (min-max) 

 [mg/100g] [µg/100g] 

Cereals and cereal products 0.13-1.91 3-10 
Milk and milk products 0.01-0.50 1-11 
Vegetables 0.10-3.10 1-21 
Nuts and seeds 1.30-1.80 1-32 
Fruits 0.1-0.8 1-8 
Fish and fish products 0.01-0.54 12-43 
Meat and meat products 0.01-0.27 2-15 
Beverages 0.01-4.70 1-5 
Sugars, preserves and snacks 0.01-3.30 1-4 
Soups, sauces and miscellaneous foods 0.03-0.57 1-2 
Alcoholic beverages 0.01-0.05 -- 

 
 Meat and meat products contribute a significant part of the human diet in Serbia. Globally, pork is 
the most widely consumed meat (15.8 kg/capita/year), followed by poultry (13.6 kg/capita/year), beef 
(9.6 kg/capita/year) and finally sheep and goat meat (1.9 kg/capita/year) [7]. Meat consumption 
statistics vary among and within countries. The World Health Organization (WHO), through the 
Global Environment Monitoring System – Food Contamination Monitoring and Assessment 
Programme (GEMS/Food) cluster diets 2012 [8], gives data for the daily intake of 383 different food 
items from 183 countries. According to that data, the daily intake of meat for adult Serbian population 
is 114.1 g of mammalian species [8]. 
 The main objectives of this study were to: (1) analyse and compare the levels of Mn and Se in four 
different pork cuts from the Serbian market; (2) determine which pork cuts contained the highest 
levels of each element; (3) estimate the daily intake of analysed essential elements derived from oral 
consumption of pork cuts. 

2. Materials and Methods 
 
2.1 Sample collection 
A total of 50 different pork cuts (loin, neck, hind leg and shoulder) commercially available in Serbia 
were collected during one year (from September 2014 to August 2015). After collection, meats were 
labelled and stored in polyethylene bags and frozen at -18°C prior to analysis. 
 After acid mineralization of homogenized pork cuts, microwave digestion (Digestion System: 
Milestone, Sorisole, Italy) was used for sample preparation. Analysis of Mn and Se was performed by 
inductively coupled plasma mass spectrometry (ICP-MS), (iCap Q mass spectrometer, Thermo 
Scientific, Bremen, Germany). The most abundant isotopes were used for quantification. The accuracy 
of the analysis was verified by analysing the certified reference material NIST SRM 1577c (bovine 
liver, Gaithersburg, MD, USA). 

2.2 Statistical analysis 
Statistical analysis of experimental data was performed using software Statistica 10.0 (StatSoft Inc., 
Tulsa, OK, USA). Analysis of variance (ANOVA) and Tukey’s HSD comparison of the means of 
results were used for analysing variations. 
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2.3 Estimated daily intake 
The Estimated Daily Intake (EDI) of Mn and Se through consumption of analysed pork cuts was 
calculated. The following equation was used: 

EDI (mg day-1) = Celements × DCpork cut 
where Celements is the concentration of element (mg kg-1) detected in pork cut and DCpork cut is the 
average per capita daily consumption of mammalian meat (114.1 g), [8]. 

3. Results and Discussion 
The results obtained for the two elements in four different pork cuts were compared with the literature 
data. However, for most of the literature data, exact specifications of the samples analysed were not 
available. Table 2 shows grouped results for Mn and Se levels in pork cuts (SD – standard deviation, n 
– number of samples). 
 

Table 2. Mn and Se levels (mean ± SD*) of selected pork cuts. 

   Levels (mg kg-1) 

 n** Mn Se 

Pork cuts    
1 Loin 10 0.088±0.026 0.209±0.109 

2 Neck 14 0.089±0.056 0.120±0.051 
3 Hind leg 6 0.064±0.024 0.091±0.023 

4 Shoulder 20 0.124±0.078 0.150±0.126 

 
 The lowest average Mn and Se levels were found in hind leg while the highest average Mn and Se 
levels were observed in shoulder and loin, respectively. Post-hoc Tukey’s HSD test showed that there 
were no statistically significant differences (at p<0.05 level) in the Mn and Se levels in various pork 
cuts (figure 1). 
 

Figure 1. Levels of Mn and Se pork cuts. Data are presented as mean ± 2SD. Different 
letters in the bars of each element indicate significant differences of means between 
types of canned fish, according to Tukey’s HSD test (p<0.05). 
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 The Mn levels determined in pork cuts (0.064-0.124 mg kg-1) were more than two to almost five-
fold higher than those reported by Tomović et al. [9] in pigs from different genetic lines (Mn: 0.025 ± 
0.004 mg/kg) but lower than levels given Batista et al. [2] in pork (0.214 mg kg-1). Se levels in the 
analysed pork cuts (0.091-0.209 mg kg-1) were higher than reported by Jablonska et al. [10] in 24 
selected meat (ranging from 0.007 to 0.161 mg kg-1), and Fajt et al. [11], in pork samples from 
different herds in Czech Republic (0.087 mg kg-1). On the other hand, Se levels in pork reported by 
Batista et al. [2], (0.461 mg kg-1) were higher than those obtained in our study. 
 Table 3 shows the EDI of Mn and Se, based on the average Serbian per capita consumption of 
mammalian meat. Estimates are for adults up to 19 years old. The results are expressed as % of the 
Adequate Intake (AI) and the Recommended Dietary Allowance (RDA) published by Institute of 
Medicine [12,13]. The results obtained showed that the contribution was dependent on the type of 
pork cut. Overall, pork cuts were estimated to provide between 0.32 and 0.79 % of the AI for Mn and 
between 18.9 and 43.2 % of the RDA for Se. The results from this study showed that estimated pork 
cut consumption levels (for loin, neck, hind leg and shoulder) can be considered as important dietary 
sources of Se. On the other hand, other food types are clearly necessary to provide adequate dietary 
levels of Mn for Serbian populations. 
 
Table 3. Estimated daily intakes (EDI) of essential elements based on the average Serbian per capita 
consumption of mammalian species (114.1 g person-1 day-1) [8]. 

  EDI (expressed as % of the AIa or % of the RDAb) 
Elements  Males Females Loin Neck Hind leg Shoulder 
 AI (mg day-1) M F M F M F M F 
Mn 2.3 1.8 0.44 0.56 0.44 0.56 0.32 0.41 0.62 0.79 
 RDA (µg day-1)         
Se 55 55 43.2 43.2 24.9 24.9 18.9 18.9 31.1 31.1 

aAI – Adequate intake (AI) for males (M) and females (F) up to 19 years old [12]. 
 bRDA – Recommended Dietary Allowance (RDA) for males (M) and females (F) up to 19 years old [13]. 

4. Conclusion 
This study revealed that pork cuts can be considered as important dietary sources of Se, but other food 
types are necessary to provide adequate dietary levels of Mn for Serbian population. The results 
showed there were no significant differences in the levels of Mn and Se among the analysed pork cuts. 
Mn was the most abundant in shoulder, while Se prevailed in loin. Periodic control of meat and meat 
products is necessary to provide more data on essential as well as on toxic elements to ensure the 
quality and safety of meat and meat products. 
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Abstract: Texture is one of the most important characteristics of meat and we can explain it as the 
human physiological–psychological awareness of a number of rheological and other properties of 
foods and their relations. In this paper, we discuss instrumental measurement of texture by 
Warner-Bratzler shear force (WBSF) and texture profile analysis (TPA). The conditions for using 
the device are detailed in WBSF measurements, and the influence of different parameters on the 
execution of the method and final results are shown. After that, the main disadvantages are 
reflected in the non-standardized method. Also, we introduce basic texture parameters which 
connect and separate TPA and WBSF methods and mention contemporary methods with their 
main advantage. 

1. Introduction 
Meat texture is a feature that can be defined by certain homogeneous properties which are detected by 
human senses relating to vision, hearing, somesthesis and kinesthesis [1]. These properties are perceived 
as hardness/firmness, gumminess, resilience, cohesiveness, springiness, adhesiveness, and viscosity. 
However, the textural properties of meat are often adapted by food processing, where the aim is often to 
make the structure of meat, and food in general, more delicate and easier to chew. The methods used for 
texture assessment can be separated into three groups: sensory, instrumental and indirect methods. 
Instrumental methods of texture assessment frequently apply mechanical analyses, measuring the food 
resistance, as the opposing force of the food is more solid than the strength of gravity. Since the applied 
power is beyond the strength of the tested sample, the sample is frequently ruined in this procedure. 
Therefore, the mechanical test of texture measurement is typically destructive [12]. The Warner-Bratzler 
Shear Force (WBSF) test and texture profile analysis are classic instrumental methods for estimation of 
meat tenderness (toughness). The study of Dar and Light [13] pointed out the key role of the texture when 
it comes to food quality identification by consumers, and also the influence of consumer attitudes. 
However, in this review, only the instrumental methods for analyzing meat texture will be explored. 

2. Instrumental measurement of food texture 
Several intrinsic and extrinsic features affect meat quality characteristics, including the trait of tenderness. 
These factors are separated into pre-slaughter factors and post-slaughter ones. In addition to animal stress, 
pre-slaughter factors include species, genotype, nutrition and age of the animal that typically affects 
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weight and fatness of the carcass. Post-slaughter features refer to methods of stimulation, scalding, 
dangling, ageing, etc. Tenderness is an attribute of meat, and food in general, which is measured as a 
sensory characteristic. Moreover, as well as juiciness, it contributes to the mouth-feel [14], and combined 
with texture, juiciness and taste, it makes up the whole sense of quality as perceived by customers. Since 
meat is processed in consumers’ mouth, its thermo-mechanical neutral features are of great importance 
when it comes to the mouth-feel, as well as the perception of smell and moisture. Texture measurement 
can be assessed by different instrumental methods. Puncture, compression, shear and tension are the main 
and generally used procedures for evaluating texture, giving values of force, deformation, slope and area 
[2]. 

3. Warner-Bratzler Shear Force (WBSF) 
The most frequently applied instrumental procedure for assessing meat tenderness that has been used 
since 1930s is the WBSF test [3]. This test measures the maximum force (N) as a function of knife 
movement (mm) and the compression to shear (cut off) a sample of meat (MPa). The result of this 
measurement shows the hardness (toughness) of meat [13]. The term shear refers to sliding of meat 
parallel to the plane of contact, with the applied force tangential to the segment. Nevertheless, this word is 
commonly used in food technology to attribute any cutting action which splits a product into two 
fragments. 

In the WBSF method, different devices for analysis can be used with a particular head or blade 
attached to them. These include machines such as Texture Analyzers [4], Instron devices or other 
common test devices [5]. Therefore, WBSF is performed either by a unique machine or by some other 
automatic device with the WBSF blade mounted to it. In the examination, a blade cuts through the meat 
samples so that shearing is perpendicular to the longitudinal positioning of the muscle fibers [3].  

It was previously stated that exact requirements should be provided for WBSF test, both regarding the 
meat sample and the device used. Numerous studies have been carried out testing dissimilar 
modifications. One such study was conducted by Voisey and Larmond [15], who observed the effect of 
the changing angle of the cutting edges of the blade. They came to the conclusion that if the angle of the 
blade extends from 30° to about 70°, it increases the shear force. On the other hand, widening of the angle 
over this point does not lead to more increase in shear force. Separately from this survey, the above-
mentioned researchers also studied different blade thicknesses and the width between the blade and the 
anvil [15]. They also concluded that changes in the test performance rate caused noteworthy variations in 
the rupture force as well as other evaluated parameters. They proved that alternations in the rate travel of 
the anvil did not have an important influence on the increase of the correlation between the receptive 
tenderness rating and the WBSF rating.  

Voisey and Larmond [15] studied differences in the features of the blades produced by various 
manufacturers. These differences included the blade thickness, the angle of the hole, the clearance 
between the head and the anvil, etc. They came to the conclusion that it was necessary to standardize the 
Warner-Bratzler blade dimensions and specifications in order to avoid getting inconsistent results from 
various laboratories which all claimed to have used a ‘Warner-Bratzler’ blade. The original blade was 
made of stainless steel. On the other hand, the modern Warner-Bratzler blades are made of aluminum 
alloy which is not as resistant to wear as stainless steel and therefore probably suffers changes in the 
dimensions more quickly than stainless steel.  

The meat samples must be uniformly round and of the same diameter for the WBSF test. Specifically, 
beef samples and other animals’ large muscles in general are supposed to be cut cylindrically with an 
internal diameter of either 0.5 or 1 inch (1.27 or 2.54 cm). On the other hand, smaller muscles are, 
without cutting, put into the triangular hole of the blade. Afterwards, the sample is sheared into two 
pieces. The newly obtained surface cross-section is measured and included as a correction in the WBSF 
calculation. This cross-section area can be evaluated by pressing the surface on a piece of filter paper, 
marking the line around it and later measuring it by planimeter.  

Nowadays, the interrelation between the diameter of the cross-section of noncylindrical samples and 
the WBSF is still not evident, although there has been research on this subject. Kastner and Henrickson 
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[6] tested cooked pork chops and discovered a nonlinear correlation between diameter and WBSF. 
Nevertheless, the results change when the data is recalculated according to cross-section, and the 
relationship looks to be linear, meaning that the shear force linearly corresponds to the cross-section area. 
Pool and Klose [16] found comparable results with cooked turkey meat. They noted that the force was 
proportional to diameter. Other researchers used different samples and equipment but the results are 
variable and are not clear enough to draw evident conclusions, except that the sample diameter should be 
uniform for each individual study. Naturally, this makes comparisons between different institutions and 
machines/protocols difficult. Wheeler et al. [7] tested how sampling, cooking and coring influence WBSF 
values for beef, and compared the shear evaluations of five institutions. They established the necessity of 
standardized procedures in order to accomplish consistent results for WBSF tests on cooked beef.  

Numerous requirements must be fulfilled when it comes to the automatic testing machine, as well as 
the blades used. They must be V-notch blades made for the WBSF machine that meet the precise 
specifications such as the thickness, the bevel on the cutting edge, etc. Warner-Bratzler shear blade 
specifications are: (1) thickness of 1.1684 mm (0.046 inches); (2) V-notched (60° angle) cutting blade; (3) 
cutting edge beveled to a half-round; (4) angle of V rounded to a quarter-round of a 2.363 mm diameter 
circle; (5) spacers providing 2.0828 mm gap for the cutting blade to slide through. 

Meat must also be standardized by cooking and chilling overnight to 2-5°C. After chilling, the meat is 
firm enough to be adequately cored. If this standard chilling step is not used, then the meat should 
undergo some other procedure to provide consistent temperature, and hence, uniform diameter cores. The 
width should be the same for each round core; 1.27 cm (0.5 inches). The cores must be removed parallel 
to the longitudinal direction of the muscle fibers which provides for them to be sheared perpendicular to 
the muscle fiber orientation. 

The automatic testing machines should be used at the crosshead speed of 200 to 250 mm/minute. Any 
other shear tests which are not carried out according to these specifications (for example using a different 
blade or a blade not appropriately beveled) or on samples with unfulfilled requirements must not be called 
WBSF tests.  

 
4. Texture profile analysis (TPA) 
TPA is a procedure invented in 1963 by a group of scientists at General Foods Corporation. Originally, 
the procedure was designed to be conducted on a specific instrument known as the General Foods 
Texturometer (GFT), and it was available to anyone who had access to this instrument. In 1968, the 
method was modified and adjusted by Bourne in order to function on an Instron Universal Testing 
Machine (IUTM) [8]. His adjustments changed the experimental protocol, but at the same time, he 
managed to overcome some instrumental difficulties of its predecessor. 

The main issues with the GFT performance were deformation of food samples and unreliable 
instrumental readings. The device was built as a human jaw, thus reproducing the process of mastication. 
In the procedure, the engaged power was in a sinuosity mode and chewing mimicry was achieved by 
motions of a lever with a plunger set on it. However, as the plunger moved towards the plate and 
mimicked about 42 bites every minute, it also deformed the food sample. The deformations were uneven 
due to the lever rotation and different influences of the plunger [8]. The direction of pressure changed as 
the lever swept through its arc. In addition to these issues, another problem with the GFT was the fact that 
instrumental interpretations were not solely based on deformation and stresses resulting from the food, 
because there was some flexibility in the construction of the strain gauges attached to the lever, which 
were used for measuring the stresses.  

The main indicators of TPA analysis can be divided into primary and secondary (Table 1).  
 

Table 1. Primary and secondary characteristics of meat texture [17]. 

Parameter Sensorial definition Instrumental definition 

Primary   
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characteristics 

Hardness Force obligatory to compress a food between molars. 
Definite as power needed to reach given deformation 

Peak power of the first compression 
cycle 

Springiness Proportion at which a deformed material goes back to 
its unreformed state after deforming power is removed 

Height that the food recuperates 
during the time that elapses between 
the end of the first chew and the start 
of the second chew 

Adhesiveness The effort needed to overwhelm the attractive forces 
between the superficies of the food and the superficies 
of other constituents with which the food derives into 
interaction (e.g. tongue, teeth). Work obligatory to pull 
food away after a superficial 

The negative part for the first chew, 
representing the effort needed to pull 
compressing sound away after 
sample 

Cohesiveness The force of internal bonds compensates the body of 
the produce (superior the value the superior the 
cohesiveness) 

The proportion of positive energy 
throughout the second to that of the 
first compression sequence 
(descending strokes only) 

   

Secondary 
characteristics 

  

Brittleness 

(Fracture force) 

Power at which a material fractures. Connected to the 
primary parameters of hardness and cohesiveness, 
where fragile materials have low cohesiveness. Not all 
foods rupture and thus value may tell to hardness if 
only single peak is current. Inelastic foods are never 
adhesive 

The first important break in the first 
compression round 

Gumminess Energy obligatory to crumble a semi-solid food 
produce to a state prepared for swallowing. Connected 
to foods with low hardness height 

Calculated parameter: Produce of 
Hardness x Cohesiveness 

Chewiness Energy obligatory to chew a solid food to a state where 
it is prepared for swallowing. Characteristic is 
problematic to quantify exactly due to difficulties of 
mastication (shear, penetration) 

Calculated Parameter: Produce of 
Gumminess x Springiness (basically 
primary parameters of Hardness x 
Cohesiveness x Springiness) 

 
The TPA test imitates the chewing process similar to the one in the human mouth, and its performance 

speed is equivalent to that of the human jaw. Many studies aimed to check the human bite speed and 
calculated it to be between 33 and 66 mm/s. Nevertheless, it was proved that sensory correlations with 
tests are greater if the speeds are higher. If TPA parameters are applied to different types of food, the 
significance of standardization and protocol for the procedure used must be cited.  

Barbut et al. [9] presented variations in sample length (L) from 10 to 20 mm, diameter (D) from 13 to 
73 mm, and D/L ratio from 1 to 4. Furthermore, the compression ratio varied from 50 to 85% and 
compression speed from 5 to 200 mm/min. The effects of varying D/L, speed and compression rate on 



5

1234567890

59th International Meat Industry Conference MEATCON2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 85 (2017) 012063    doi   :10.1088/1755-1315/85/1/012063

beef wieners were studied by the same authors [9]. A decrease in D/L resulted in a decrease of hardness, 
cohesiveness and gumminess, and an increase in springiness and chewiness.  

Increasing the compression rate causes reduced springiness, cohesiveness, gumminess and chewiness. 
At the same deformation rate, a shorter sample is actually deformed at a higher strain rate and, 
consequently, should exhibit higher stress than a longer sample under the same strain. Thus, TPA 
parameters are comparable only when the tests are performed by a standard procedure [9]. The values 
obtained for a ground salami meat product and a whole muscle corned beef product resulted in 
recommending the following test parameters: D/L = 1.5; compression ratio = 75%; and speed rate = 1-2 
cm/min. Using these standard conditions will allow direct comparison of data from different 
laboratories/institutions and reduce confusion and mistakes that result from selecting inappropriate 
parameters [9].  

 
5. Comparison of instrumental methods for texture evaluation 
Ruiz de Huidobro [10] studied the relationship of the WBSF test and TPA to the sensory features of beef, 
which, of course, can be related to its texture characteristics. Overall, the authors found the TPA test to be 
more suitable for beef texture assessments. The TPA assessment predicted sensory hardness better than 
the WBSF examination. WBSF and the sensory rating of chewiness were related, showing the decline in 
the course of aging. However, the receptive juiciness did not fluctuate significantly with aging. On the 
other hand, the WBSF test had the highest coefficient of variability (27.5%). Overall, as measures of 
toughness,  the WBSF and TPA tests were positively correlated.  

TPA seems more convenient for predicting sensory texture of meat than the WBSF method, provided 
the study is on raw meat. When cooked meat is examined, the WBSF method is better, although it is not a 
very accurate predictor of meat texture [10].  

 
Conclusion 
The evaluation of texture and structure measurements for meat and meat products is significant in quality 
control for meat industry. This review discussed the main instrumental methods, WBSF and TPA, used to 
measure meat texture. Both of them are useful for instrumental measurement of meat texture, with greater 
importance for TPA in raw beef texture evaluations. With all these findings, it is expected that TPA will 
be used much more for this purpose than WBSF in the future. 
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Abstract. This study deals with the application of two conventional and three non-
conventional extraction approaches for isolation of bioactive compounds from the plant 
Thymus serpyllum L. The extracts obtained were tested regarding their chemical profile 
(content of phenolics, flavonoids, condensed tannins, gallotannins and anthocyanins) and 
antioxidant activities. Subcritical water extract of Thymus serpyllum L. generally had the 
highest concentrations of the chemical bioactive compounds examined and the best antioxidant 
properties. 

1. Introduction 
Phenolic compounds, which are the product of secondary metabolism of plants, are one the most 
investigated class of natural products due to their wide range of biological activities, such as antioxidant, 
cytotoxic, antimicrobial, anti-inflammatory, antiulcer, antispasmodic, antiviral and many other activities [1, 
2]. There are over 8000 compounds which belong to one of the following groups, among others: simple 
phenolics, phenolic acids, stilbenes, flavonoids, coumarins and tannins [3, 4]. 

For isolation of these and other compounds from their natural sources, many different approaches can 
be applied. Among them are conventional extraction techniques such as maceration and Soxhlet extraction 
and non-conventional techniques such as ultrasound-assisted, microwave-assisted and subcritical water 
extraction techniques [5, 6]. Every technique possesses certain advantages and disadvantages, and they are 
usually combined to obtain improved results.  

There are only two studies which reported the useful properties of the plant Thymus serpyllum L. [7, 8]. 
The aim of this study was to apply conventional and non-conventional extraction techniques for isolation of 
biologically active compounds from Thymus serpyllum L., to investigate the biological activity of the 
extracts obtained and to establish their chemical profiles. Results were compared in order to evaluate the 
efficiency of the applied extraction techniques and the activities of the extracts obtained. 
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2. Materials and methods 
 
2.1. Thymus serpyllum L 
Thymus serpyllum L. (wild thyme) is a perennial shrub, native to areas of northern and central Europe, 
belongs to the family Lamiaceae. Due to its pharmacological properties, the essential oil of wild 
thyme, a plant used in traditional medicine, is an important natural resource for the pharmaceutical 
industry. In addition, it can be a source of natural antioxidants, nutritional supplements, or components 
of functional foods in the food industry. The chemical composition and yield of the essential oil of 
Thymus serpyllum are considered to be affected by geographic region, the development stage of the 
plant, the harvest season, habitat, and climatic conditions [9].  

The aim of this study was to examine the use of different extraction methods, one conventional and 
one non-conventional, on the composition and quality of essential oil from Thymus serpyllum L. 
collected in Central Serbia. 
 
2.2. Extractions 
2.2.1. Conventional method. Soxhlet extraction was conducted in the following manner: plant material 
(75.0 g) was crushed and homogenized into small 35mm pieces by a cylinder crusher and placed in 
the Soxhlet apparatus. Extraction was carried out for eight hours using 96% ethanol as a solvent (600 
mL). The Soxhlet extract (SE) obtained was filtered through filter paper (Whatman  qualitative filter 
paper Grade 1, Sigma-Aldrich) and evaporated by a rotary evaporator (Devarot, Slovenia) under 
vacuum and dried at 60ºC to the constant weight. The dried extracts were stored in a dark glass bottle 
at 4°C to prevent oxidative damage.  

Maceration was conducted using the following procedure: plant samples (10.0 g) were extracted 
using 96% ethanol (300 mL) as a solvent. The extraction process was carried out under laboratory 
conditions at 22°C in a sheltered, dry place for seven days, with occasional shaking to improve the 
maceration process. After seven days, maceration extract (ME) was filtered through filter paper and 
concentrated to dry mass by a rotary evaporator under vacuum and dried at 60°C to the constant 
weight. The dried extracts were stored in a dark glass bottle at 4°C to prevent oxidative damage. 
  
2.2.2. Non-conventional extractions. Ultrasound-assisted extraction (UAE) was performed in 
ultrasonic water bath (EUP540A, Euinstruments, France). A sample (5.0 g) was placed in volumetric 
flask and 100 mL of solvent (96% ethanol) was added. The mixture was sonicated for 30 min at a 
frequency of 40 kHz and ultrasound power of 90% (216 W). 

Microwave-assisted extraction (MAE) was performed in a domestic microwave oven, which was 
previously modified for this purpose. Extraction was conducted using the same sample weight, solvent 
volume and extraction time. The extraction procedure program was as follows: one min pre-heating at 
160 W; one min pre-heating at 320 W and 30 min extraction at 600 W. 
Subcritical water extraction (SWE) was performed in a previously described home-made extractor 
system [10]. In all experimental runs, 5.0 g of plant material was mixed with 100 mL of double-
distilled water. Extraction was performed at a pressure of 40 bars and at 140°C for 30 min. Agitation 
was assured by vibrational movements of vessel platform at a frequency of 3 Hz. After extractions, 
process vessels were immediately cooled in a flow-through water-bath at 20°C.  
 
2.3. Spectrophotometric assays 
Total phenolics (TPC) and total flavonoids (TFC) contents were determined using the previously 
described methods [11]. Condensed tannins (CT) were determined according to a previously described 
method which relies on the precipitation of proanthocyanidins with formaldehyde, while gallotannins 
(GA) were determined using the described potassium iodate assay [12]. Anthocyanins were 
determined according the previously described procedure [13] using pH single and differential 
methods. Antioxidant activities of the obtained extracts were determined using the following, 
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previously described assays: total antioxidant capacity [14], lipid peroxidation assay [15], hydroxyl 
radical scavenging activity [16] and DPPH radical scavenging activity [17] with slight modification 
[18].  

2.4. Statistical analysis 
Statistical analysis was carried out using Statistica 6.0. (StatSoft Inc, Tulsa, US). All extractions were 
performed at least in triplicate unless specified otherwise. Results are presented as a value ± standard 
deviation (SD). Significance levels were defined at p < 0.05. 
 
3. Results and Discussion 
 
3.1. Chemical profile of Thymus serpyllum L. extracts 
Results for TPC, TFC, CT, GA and TAC obtained using spectrophotometric assays are presented in 
table 1. According to the results, the highest contents of all compound classes was observed in SCW 
extract, while the lowest level of compounds was in SE extract. The amount of TPC obtained in SCW 
was about 50% higher than the corresponding value obtained by SE, while this percentage was slightly 
lower in the case of TFC, CT, GA and TAC. Results obtained for MAE and UAE extracts were 
slightly lower than those for SCW (about 1020%), while MAC extract in some cases also achieved 
satisfactory results. The reasons for such diversity among the investigated extracts could be different 
mechanisms of thermal and mass transfers, as well as different solubility of compounds in the 
medium.  

Antioxidant activity was established using four different assays: total antioxidant capacity, 
inhibition of lipid peroxidation, hydroxy radical scavenging and DPPH scavenging activities, the 
results of which are presented in table 2. 

 
Table 1. Chemical profile of Thymus serpyllum L. extracts obtained by 

spectrophotometric assays. 

Extract TPC 
(mg GAE/g)a 

TFC 
(mg RU/g) 

CT 
(mg GAE/g) 

GA 
(mg GAE/g) 

TAC 
(mg C3G/g) 

SE 95.86 ± 0.49 16.18 ± 0.37 53.85 ±0.44 16.13 ± 0.94 102.05 ± 0.40 
MAC 115.14 ± 0.26 19.57 ± 0.58 55.19 ±0.37 18.74 ± 0.96 111.63 ± 0.73 
UAE 124.42 ± 0.87 20.55 ± 0.17 58.65 ± 0.54 19.19 ± 0.42 122.56 ± 0.19 
MAE 133.56 ± 0.19 21.81 ± 0.60 59.70 ±0.19 20.36 ± 0.77 129.72 ± 0.54 
SWE 141.12 ±0.23 23.24 ± 0.18 61.53 ± 0.81 23.56 ± 0.64 130.32 ± 0.28 

a Results are mean values ± SD from three extractions. 
SE – Soxhlet Extraction. 
MAC – Macerate Extraction. 
UAE – Ultrasound-Assisted Extraction. 
MAE – Microwave-Assisted Extraction. 
SWE – Subcritical Water Extraction. 
TPC – total phenolics. 
TFC – total flavonoids 
CT – condensed tannins.  
GA – gallotannins. 
TAC – total anthocyanins. 
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Table 2. Antioxidant activity of Thymus serpyllum L. extracts obtained by 

spectrophotometric assays. 

Extract TA 
(mg AA/G)a 

ILP50
b
 

(mg/mL) 
OH50

b 
(mg/mL) 

IC50
b 

(mg/mL) 
SE 111.34 ± 0.43 30.35±0.42 32.51±0.88 45.68±1.01 

MAC 118.92±0.48 29.73±0.08 29.15±0.93 36.83±0.98 
UAE 133.71±0.29 27.57±0.44 25.83±0.77 35.47±0.69 
MAE 158.09±0.82 26.56±0.81 23.41±0.81 29,60±0.99 
SWE 170.32±0.87 20.71±0.45 19.63±0.94 22.73±0.53 

a Results are mean values ± SD from three extractions. 
b ILP50, OH50 and IC50

 values were determined by non linear regression analysis. 
SE – Soholot Extraction. 
MAC – Macerated Extraction. 
UAE – Ultrasound-Assissted Extraction. 
MAE – Microwave-Assissted Extraction. 
SWE – Subcritical Water Extraction. 
TA – Total antioxidant activity. 
ILP50 – lipid peroxidation activity. 
OH50 – hydroxy radical scavenging activity. 
IC50 – DPPH radical scavenging activity.

 
The highest antioxidant activity of all four tested antioxidant types was observed in SWE, while the 

lowest was detected in SE. MAE and UAE expressed similar lipid peroxidation activities, hydroxy 
radical scavenging and DPPH scavenging activities, while these extracts differed in total antioxidant 
capacity (MAE had more TA capacity). On the other hand, similar activity between MAC and SE was 
observed in the case of total antioxidant capacity, lipid peroxidation test and hydroxy radical 
scavenging, while DPPH activity was higher in SE. 

 
4. Conclusion 
The present study showed that Thymus serpyllum L. possesses good potential to be used as a source of 
biologically active compounds. Based on the presented results, the prepared extracts exhibited high 
antioxidant activity. Subcritical water extract generally showed the best properties, but other non-
conventional techniques demonstrated satisfactory results. All in all, the results obtained in this study 
encourage further and deeper investigation of this plant together with the new fields and possibilities 
for its application. 
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Abstract. The effect of breed on carcass composition was studied for autochthonous purebred 
White Mangulica (WM), crossbred Duroc x White Mangulica (DWM) and purebred Large 
White (LW) pigs. Pigs were slaughtered at a target body weight of about 150 kg. After 
slaughter, carcass yield, backfat thickness, the thickness of the lumbar muscle and chilling loss 
were measured and calculated. WM pigs had the highest percentage of carcass yield, while 
DWM produced an intermediate carcass yield, between those of the pure breeds. The backfat 
thickness was highest in WM pigs, compared to DWM and LW pigs (67, 41 and 27 mm, 
respectively, P < 0.001). WM and LW pigs had respectively the lowest and the highest 
thickness of the lumbar muscle (62 and 72 mm), with DWM pigs at an intermediate position 
(69 mm). As regards chilling loss, WM and DWM pigs showed better results than LW pigs 
(1.74, 1.75 and 1.92 %, respectively). Overall, evidence of additive genetic effects was present 
for all investigated parameters, with crosses showing intermediate values between pure breeds. 

 

1. Introduction 
Mangulica is one of three primitive autochthonous pig breeds in Serbia and is considered endangered. 
In Serbia there are three varieties: White (Blond), Swallow Belly and Red. This breed emerged in 
Hungary as a result of crossing several Hungarian aboriginal pig breeds which disappeared or were 
altered by the end of the nineteenth century by crossing with the Serbian Šumadinka pig [1]. 

However, in the middle of the last century, the population decreased and nearly disappeared 
because of the carcass composition, and poorer reproductive and growing performance than modern 
commercial breeds. Mangulica meat belongs to the group of fat-rich meats [2]. Its average total mass 
consists of 65% - 70% fat tissue and 30% - 35% meat [3]. Its fresh meat is darker, more succulent and 

http://creativecommons.org/licenses/by/3.0
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softer than the meat from other pig breeds. Its odour is stronger. The tenderness of Mangulica pork is 
much higher than that obtained from any commercial pig breed [2]. 

The Mangulica breed is very resistant when kept in extensive conditions (free-range) on pasture, 
foraging on acorns, tubers, rhizomes and roots, it is well adapted to continental climate conditions and 
resistant to some pig diseases [1,2]. Today, the Mangulica breed is reared in an organized system in 
several herds in Serbia and is the most numerous indigenous pig breed [4]. Recently, the interest in 
this autochthonous breed has increased, not only for the purpose of gene preservation but also for 
production of meat products manufactured in traditional ways, which are much appreciated by 
consumers. 

Crossbreeding is extensively used in pig production to increase the total efficiency of pig 
production and to improve the quality of the meat. Crossing with the Duroc pig breed is often used to 
improve the productivity of the autochthonous animals without greatly affecting their hardiness or 
reducing the level of intramuscular fat [5,6], because Duroc is notable in having a high muscle lipid 
(marbling fat) content relative to subcutaneous fat compared with other modern breeds [1,5-7]. 

This paper reports on carcass quality characteristics of White Mangulica pigs, both pure and 
crossbred with Duroc, reared under intensive farming conditions (system). Additionally, one of the 
tasks was to compare determined carcass quality traits of White Mangulica and its crosses with other 
European autochthonous breeds and their crosses with modern pig breeds. 

2. Materials and Methods 
A total of 60 pigs (female and castrated male) were studied: 20 purebred White Mangulica (WM) pigs, 
20 crossbred pigs (Duroc sires crossed with White Mangulica dams - DWM) and 20 purebred Large 
White (LW) pigs. All animals were raised on a modern farm and slaughtered in a modern 
slaughterhouse in Serbia according to national legislation which is mainly harmonized with EU 
legislation. All animals were reared under the same environmental and production regime. Pigs were 
fed the same commercial diets and were slaughtered at a target body weight of about 150 kg. All pigs 
had ad libitum access to feed and water. Feed was withdrawn 12 h before slaughter, but water was 
freely available. On the slaughter day, pigs were individually weighed and transported to the 
slaughterhouse. The pigs were held in lairage for 2 h, with free access to water. All the animals were 
slaughtered and dressed in three days (20 pigs on each day), using standard commercial procedures 
[8]. 

All measurements were performed on the right side of the carcass. Carcass measurements were 
performed on the day of slaughter. Backfat thickness with the skin was measured in millimetres at the 
thinnest point over M. gluteus medius (S value). The thickness of the lumbar muscle in millimetres 
was measured as the shortest distance from the front (cranial) end of the M. gluteus medius to the 
upper (dorsal) edge of the spinal canal (M value). Chilling loss was expressed as the percentage of 
weight loss, measuring the mass of one carcass side after slaughter and at the end of the chilling 
process (24 h post mortem). 

All data are presented as mean, standard deviation and range. Data were analysed statistically with 
one way ANOVA and post-hoc test (DUNCAN’S test). The software package STATISTICA 12 was 
used (StatSoft, 2015) for analysis. 

3. Results and Discussion 
The results of the determination of carcass quality traits (carcass yield, S value, M value and chilling 
loss) of three different pig genotypes (WM, DWM and LW) are presented in Table 1. The highest 
average carcass yield was found in WM pigs (84.7%), slightly lower average carcass yield was found 
in DWM pigs (84.0%), while LW pigs had the lowest average carcass yield (83.6%), but differences 
between the examined groups were not significant, indicating that the genotype did not affect carcass 
yield. The individual values of carcass yield ranged from 83.0 to 85.8% (WM), from 82.5 to 85.5% 
(DWM) and from 82.1 to 84.7% (LW). 
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Table 1. Carcass quality traits of three different pig genotypes (White Mangulica-WM, Duroc x White 

Mangulica-DWM and Large White pigs-LW). 

Parameter 
 

WM DWM LW P value 

Carcass yield 
(%) 

84.7±1.0 84.0±0.9 83.6±0.9 0.055 

Range of carcass 
yield 

83.0–85.8 82.5–85.5 82.1–84.7  

 
S (mm) 

 
67±7a,o,x 

 
41±4b,p,y 

 
27±4c,q,z 

 
<0.001 

Range of S 55–80 35–46 22–35  
 

M (mm) 
 

62±3b,p,y 
 

69±6a,o,xy 
 

72±5a,o,x 
 

<0.001 
Range of M 55–65 60–80 65–80  

 
Chilling loss (%) 

 
1.74±0.10b 1.75±0.16b 1.92±0.20a 

 
0.031 

Range of 
chilling loss 

1.65–1.92 
1.44–2.00 1.38–2.05 

 

abc Means with different letters in the same row indicate significant differences at P<0.05. 
opq Means with different letters in the same row indicate significant differences at P<0.01. 
xyz Means with different letters in the same row indicate significant differences at P<0.001. 
 

By comparing the obtained values for the carcass yield with the results of other authors who have 
also comparatively examined the carcass quality (carcass yield) of autochthonous breeds and/or their 
crosses with modern breeds, it can be concluded that in this study, higher average carcass yields were 
observed [9,10,11,12,13,14,15,16,17,18,19]. In this investigation, the slaughter of all pigs was carried 
out at a body weight of 150 kg, or at an average age of 244 (LW), 308 (DWM) and 532 (WM) days. 
However, according to a number of similar studies, increase in pigs’ body weight (age increase) leads 
to a significant increase in pigs’ carcass yield [16,20-23]. 

The highest average S value was found in WM pigs (67 mm), a lower average S value was found in 
DWM pigs (41 mm), while the lowest S value was found in LW pigs (27 mm). The individual S 
values ranged from 55 to 80 mm (WM), from 35 to 46 mm (DWM) and from 22 to 35 mm (LW). 
Differences in the average S values were statistically significant (P < 0.001) among all three examined 
pig genotypes, which indicates that the pig genotype affected the backfat thickness measured at the 
thinnest point over M. gluteus medius (S value). Comparable measurements for backfat thickness were 
found by several other authors [9,10,24,25] who have also comparatively examined the quality of 
carcasses of autochthonous breeds and/or their crosses with modern breeds and/or modern breeds, and 
reported the same trend. However, some authors [11,19,26,27] reported no significant difference in the 
backfat thickness between pigs of autochthonous breeds and their crosses with modern breeds of pigs.  

Further, analysing the S value, it can be concluded that the S value varies greatly depending on the 
genotype [15,18,23,25,28,29]. Generally, native or autochthonous breeds have greater ability for fat 
deposition in comparison with modern breeds [10,21,30,31]. In similar studies, the highest backfat 
thickness over the M. gluteus medius at the thinnest point was found in the Iberian Retinto pigs (65.3 
mm) reared under intensive production systems and whose pre-slaughter age was 231 days and the 
pre-slaughter weight was 144.4 kg [24], while in the case of Corsican x LW pigs, reared under the 
extensive conditions, fed with a concentrated diet and slaughtered with body weight of 141 kg, the 
highest backfat thickness over the M. gluteus medius was 48 mm [11]. The lowest backfat thickness 
over the M. gluteus medius was determined in LW pigs reared indoors and fed a commercial mixture 
(26.1 mm) [9,10]. 
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Regarding the M value, the highest average value was found in LW pigs (72 mm), slightly lower 
average M value was found in DWM pigs (69 mm) and the lowest average M value was determined in 
WM pigs (62 mm). The individual M values ranged from 65 to 80 mm (LW), from 60 to 80 mm 
(DWM) and from 55 to 65 mm (WM). The average M value in LW and DWM pigs was statistically 
significantly higher (P < 0.01) in comparison with average M value in WM pigs. The results are in 
agreement with those of other studies. Other authors have also measured the thickness of M. 
longissimus thoracis et lumborum, ranging between 3rd and 4th lumbar vertebra [31] and at the last rib 
[32] in similar pig genotypes. Their results showed that the thickness of M. longissimus thoracis et 
lumborum was significantly higher in modern pigs compared to autochthonous pigs or in comparison 
with the crossbred pigs (modern x autochthonous pigs). There is also a relationship between the M. 
longissimus thoracis et lumborum surface (the loin eye area) and pig genotype [33]. An increase in the 
age and/or weight of similar pig genotypes leads to an increase in the area of the loin eye muscle 
[12,21,34,35]. 

Furthermore, the highest average chilling loss was found in LW pigs (1.92%), while in DWM and 
WM pigs, slightly lower average chilling loss was detected (1.75 and 1.74%, respectively). The values 
of chilling loss for LW pigs ranged from 1.38 to 2.05%, for DWM pigs from 1.44 to 2.00% and for 
WM pigs from 1.65 to 1.92%. The average chilling loss of LW pigs was statistically significantly 
higher (P = 0.031) compared to the average chilling loss of DWM and WM pigs, indicating that pig 
genotype affected the chilling loss. The average chilling loss found in carcasses of the modern pig 
(LW) is characteristic for a commercial carcass chilling process for commercial pigs [8]. 

4. Summary 
Overall, additive genetic effects were evident for carcass traits, with crosses showing intermediate 
values between pure breeds. The performance of the DWM crossed pigs confirmed the theory 
according to which additive genetic effects mainly control morphology and body composition. Our 
study indicates significant differences between breeds for backfat thickness with the skin at the 
thinnest point over M. gluteus medius, the thickness of the lumbar muscle and chilling loss. No 
significant differences were observed for carcass yield. 
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Abstract. Two screening methods for histamine in canned fish, an enzymatic test and a 
competitive direct enzyme-linked immunosorbent assay (CD-ELISA), were compared with the 
reversed-phase liquid chromatography (RP-HPLC) standard method. For enzymatic and CD-
ELISA methods, determination was conducted according to producers’ manuals. For RP-
HPLC, histamine was derivatized with dansyl-chloride, followed by RP-HPLC and diode array 
detection. Results of analysis of canned fish, supplied as reference samples for proficiency 
testing, showed good agreement when histamine was present at higher concentrations (above 
100 mg kg-1). At a lower level (16.95 mg kg-1), the enzymatic test produced some higher 
results. Generally, analysis of four reference samples according to CD-ELISA and RP-HPLC 
showed good agreement for histamine determination (r=0.977 in concentration range 
16.95‒216 mg kg-1) The results show that the applied enzymatic test and CD-ELISA appeared 
to be suitable screening methods for the determination of histamine in canned fish.  

1. Introduction 
Histamine is a product of the decarboxylation of histidine by microbiological histidine decarboxylase, 
caused by the growth of certain bacteria in protein-rich food like fish, cheese and wine [1]. The 
amount of histamine formed depends on the bacterial species, the temperature and the time of 
exposure [2,3]. Histamine is a causative agent of scombroid poisoning or histamine fish poisoning. 
The consumption of food containing significant concentration of histamine can cause symptoms 
similar to those associated to seafood allergies [4]. Histamine can be present mainly in Scombridae 
(Tuna, Mackerel) and Clupeidae (Herring, Sardine), in species which contain a high level of free 
histidine [5]. 

The critical dose of oral histamine has been estimated to be in the range of 100‒200 mg kg-1, and 
the EC regulation [6] stated for histamine that nine samples must be taken from each batch. These 
samples must fulfil the following requirements:  

 the mean value must not exceed 100 mg kg-1; 
 two samples may have a value of more than 100 mg kg-1 but less than 200 mg kg-1; 
 no sample may have a value exceeding 200 mg kg-1 [6]. 

A wide variety of procedures for the determination of histamine and biogenic amines have been 
published: colorimetric methods, thin layer chromatography (TLC) methods, enzymatic methods, 
immuno-enzymatic methods, and flow injection analysis with fluorimetric detection [7]. However, 
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precise and reliable quantitative analysis for histamine and biogenic amines are chromatographic 
techniques, such as gas chromatography (GC), high performance liquid chromatography (HPLC), and 
high performance thin layer chromatography (HPTLC), as well as capillary electrophoresis [8,9]. 
Those allow the simultaneous analysis of histamine and other biogenic amines in fish and fishery 
products. These methods usually required extensive sample cleanup, and expensive equipment as well 
as trained staff. To enhance food control measurements, rapid, easy, and simple analytical methods for 
this compound are usually used as screening methods. In the case of contaminated samples, the use of 
confirmatory methods is necessary. In the EU regulation, it is specified that examinations must be 
carried out in accordance with reliable, scientifically recognized reference methods, such as HPLC. 
The reference method for histamine in Europe is the International Standard Organisation (ISO) 
method [10]. 

The aim of this paper was evaluation and comparison of histamine determination in four reference 
materials by the standard HPLC method, and by screening methods, an enzymatic test and competitive 
direct enzyme-linked immunosorbent assay (CD-ELISA). 

2. Material and Methods 
Studies were performed using canned fish samples intended for proficiency testing (PT). Proficiency 
testing provider, FAPAS, processes these samples under strict quality control procedures to ensure a 
homogenous reference material. Since numerous laboratories participate in those schemes, samples are 
considered as reference materials and are used for evaluation and comparison of screening and 
confirmatory methods for histamine determination. Four samples were used, with different histamine 
concentrations (table 1). All determinations in the study were performed in triplicate. 
 
2.1. Screening methods 
Two screening procedures were used in our study: Ridascreen® Histamine enzymatic test and 
Veratox® for Histamine CD-ELISA.  

Ridascreen® Histamine (enzymatic) (Art. No. 1605, R-Biopharm, Germany) is an enzymatic test in 
microtiter plate format for the quantitative determination of histamine in fresh fish, canned fish, fish 
meal, wine, cheese and milk. The test was performed according to the manufacturer’s manual. The 
basis of this test is an enzymatic reaction. The microtiterplate is coated with a reagent (electron 
carrier) and a dye. Histamine-dehydrogenase catalyzes the oxidation of histamine to imidacetaldehyde 
in presence of an electron carrier and a dye. The formation of dye is measured at 450 nm and is 
proportional to the histamine concentration. Calculation of histamine concentrations used linear 
regression; the dilution factor of the samples was taken into account. Since the quantitation range of 
the test is 2‒100 mg kg-1, samples with histamine contents higher than 100 mg kg-1 were further 
diluted with water and re-tested. 

Veratox® for Histamine (AOAC-RI #070703 approved method, Product No. 9505, Neogen, USA) 
is used for the quantitative analysis of histamine in scombroid species of fish, such as tuna, bluefish 
and mahi-mahi. The test is a competitive direct ELISA. Free histamine in the sample and controls 
competes with enzyme-labeled histamine (conjugate) for the antibody-binding sites. After a wash step, 
substrate reacts with the bound enzyme conjugate to produce blue color that is measured at 630 nm. 
Since the range of quantitation was from 2.5 mg kg-1 to 50 mg kg-1, samples with histamine contents 
higher than 50 mg kg-1 were further diluted with water and re-tested. 

The color intensity in the microtiter wells was measured photometrically using a Thermo Multiskan 
FC photometer (Thermo Scientific). Special software, the Rida®Soft Win (Art. No. Z9999, R-
Biopharm, Germany), was used to evaluate the results. 

 
2.2. RP-HPLC method  
Determination of histamine by HPLC was done according to the standard method [10]. Extraction was 
performed by mixing the sample with perchloric acid. Precolumn derivatization was performed using 
dansyl-chloride. Histamine was separated from other biogenic amines by HPLC Dionex UltiMate 
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3000 Series (Thermo Scientific, Germany) on SupelCosil™ LC-18-DB column (250 x 4.6 mm id, 
particle size 5 μm), by gradient elution, using acetonitrile and water as components of mobile phase, 
and UV detection (254 nm). The system was controlled by Chromeleon® 7 software (Thermo 
Scientific). Histamine concentration (mg kg-1) was calculated from the area ratio of histamine and 
internal standard (1,7-diaminoheptane), using a matrix matched calibration curve covering the 
concentration range from 0 to 500 mg kg-1. 
 
2.3. Statistical Analysis  
The difference between the PT declared histamine content in samples and the values obtained using 
different methods was analyzed using the t test. The difference between the histamine content obtained 
by the screening methods and the HPLC method for tested contaminated samples of canned fish was 
analyzed using linear regression analysis (PAST, Version 2.12, Oslo, Norway). 

3. Results and Discussion 
Results of histamine determination in all analyzed reference samples are presented in table 1. As can 
be seen from table 1, results for all samples except for FAPAS Proficiency test 27161 obtained by both 
screening methods were in the acceptance range. However, the result for sample with low histamine 
concentration (16.96 mg kg-1), obtained by enzymatic method (21.33 mg kg-1) was some higher than 
the acceptable value (13.4‒20.5 mg kg-1). We noted, on analyzing data from all participants in the 
proficiency scheme report for FAPAS 27161, that laboratories with screening methods obtained a 
higher average value (19.16 mg kg-1) than the declared value. Contrary to this, statistical analysis (t 
test) showed that there was no significant difference between the contents of histamine obtained by the 
enzymatic test and declared content at the 0.05 level (p=0.074) in our study. Also, there was no 
significant difference in either case between the determined and declared content at the 0.05 level for 
all analyzed samples. 

Generally, the screening methods gave some higher recovery (98‒126%) compared to the HPLC 
method (99‒111%), while intermediate precision (day-to-day variability) was in a similar range (3.8-
15.5 and 5.5-14.7%).  

Linear regression analysis (figure 1) showed good agreement between screening methods and the 
standard method in all analyzed samples (r=0.977).  

The results obtained are similar to literature data. CD-ELISA and HPLC methods showed good 
agreement (R=0.969; concentration range 0.7‒420 mg/kg) for histamine analysis in commercial 
soybean paste, suggesting that the CD-ELISA can be used as a rapid indicator for biogenic amines, 
including histamine [11]. Analysis of 50 commercial cheeses according to CD-ELISA and RP-HPLC 
also showed good agreement for histamine (r=0.979; concentration range 2‒1800 mg kg-1) [12].  

Although commercial test kits are generally used for determining histamine in fresh and canned 
fish and fish meal, information on their performance and application to traditional fish products, which 
differ in product properties, showed different correlations with HPLC [13]. Therefore, new 
commercial test kits should be evaluated against the approved analytical method before being applied 
to new types of products. 
   



4

1234567890

59th International Meat Industry Conference MEATCON2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 85 (2017) 012066    doi   :10.1088/1755-1315/85/1/012066

Table 1. Results of histamine determination in reference samples using different methods (N=3). 

Sample (Histamine in canned fish) 
PT declared value 
(acceptance range) 
mg kg-1 

Method 

FAPAS Proficiency test 27149 137 (116‒158) Enzymatic test HPLC 

Average (mg kg-1)  148.2 138.2 

SD (mg kg-1)  5.6 16.7 

RSD (%)  3.8 12.1 

Recovery (%)  108 101 

 p a   0.074 0.915 

    

FAPAS Proficiency test 27161 16.95 (13.4‒20.5) Enzymatic test HPLC 

Average (mg kg-1)  21.33 16.84 

SD (mg kg-1)  2.10 2.47 

RSD (%)  9.8 14.7 

Recovery (%)  126 99 

 p a   0.068 0.944 

    

FAPAS Proficiency test 27176 216 (186‒247) Enzymatic test HPLC 

Average (mg kg-1)  200.1 237.0 

SD (mg kg-1)  11.6 13.3 

RSD (%)  5.5 5.5 

Recovery (%)  98 111 

 p a   0.659 0.089 

    

FAPAS Proficiency test 27197 174 (148‒199) ELISA HPLC 

Average (mg kg-1)  183.5 165.3 

SD (mg kg-1)  28.4 9.0 

RSD (%)  15.5 5.4 

Recovery (%)  105 95 

 p a   0.620 0.235 

 t test value (p values) comparison of data obtained using different methods and declared content. 
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Figure 1. Correlation of results obtained by screening and standard method. 
 

4. Conclusion 
To ensure food safety with respect to histamine, it is preferable to use a rapid, simple and cheap 
method for screening. Results of histamine determination in reference samples showed that the 
enzymatic test and CD-ELISA give reliable and accurate values, especially for determination of 
critical high histamine concentrations (100‒200 mg kg-1). However it is necessary to validate any 
screening method and its reliability. According to the EC [6], it is important to confirm any high 
concentration of histamine in potentially positive samples by the reference method. Since quality 
control and consumer safety is of great importance from the aspect of histamine contamination, there 
is a constant challenge to develop new, fast, and reliable methods for different types of samples.  
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Abstract. In the period January 2016 to May 2017, the presence and levels of sulfite were 

examined in 270 samples of hamburger, sausage (various types), pljeskavica (Serbian-style 

meat patties of various types) and ćevapi or ćevapčići (grill kebabs) from the Serbian market. 

Some (12.59%) of these partly processed meat products contained sulfites, expressed as SO2, at 

levels above 10 mg/kg, and so did not meet requirements laid down in the National Regulation. 

In the remainder of the meat products (87.41%), sulfite contents were below 10 mg/kg, which 

is considered as “not detected”. By groups, 100% of hamburgers, 91.76% of sausages and 

90.48% of pljeskavica met requirements of National Regulation. The meat product group with 

the biggest percentage of non-compliant meat products in which sulfites were detected was the 

ćevapi or ćevapčići – 18.10% of them contained sulfites. All in all, most of the partly processed 

meat products from the Serbian market met the National Regulation regarding sulfite content, 

and they were safe for consumption. Nonetheless, the high percentage of ćevapi or ćevapčići 

that contained sulfites leads us to conclude that regular and periodic control is necessary and 

one of the most important steps in ensuring safe and quality meat products for consumers. 

1. Introduction 

Sulfites are compounds that contain the sulfite ion (SO3
2−). Sulfur dioxide (SO2) has been used since 

ancient times for its cleansing, disinfecting and purifying properties. In addition, sulfites have a 

number of technological uses, for example, as antioxidants, bleaching agents, flour treatment agents 

and preservatives. Sulfites are permitted in various foods such as wine, cordials, dried fruit and 

vegetables. They are used in the food industry to maintain food color, to prolong shelf life, and to 

prevent microbial growth [1]. Sulfites are present in some foods, naturally or as additives, but they are 

not used in most fresh foods. According to the U.S. Food and Drug Administration (FDA), about 1% 

of population are sensitive to sulfites, and so that is why the same body requires sulfites to be declared 

when used as an ingredient in the food, when used as a processing aid, or when present in an 

ingredient used in the food. That applies where the concentration of total SO2 is equal or over 10 

mg/kg (ppm) [2]. Below this limit, the amount of sulfites is considered as insignificant, as this is limit 

of detection, and food is considered as sulfite free.  

Sulfites can cause allergy like reactions (intolerances), most commonly asthma symptoms in those 

with underlying asthma, sometimes allergic rhinitis-like reactions, occasionally urticaria (hives) and 

very rarely, anaphylaxis (severe allergic reaction). Wheezing is the most common reaction. The 

mechanism by which reactions occur is unclear. SO2 gas is an irritant, and so reflex contraction of the 

airways from inhaling it is one possible explanation. This mechanism might explain the rapid onset of 

symptoms when drinking liquids like beer or wine, when SO2 gas is inhaled during the swallowing 

mailto:vladimir.koricanac@inmes.rs
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process. Some people with asthma and who react to sulfites have a partial deficiency of the enzyme 

sulfite oxidase, which helps to break down SO2. Not many people have positive skin allergy tests to 

sulfites, indicating true (IgE-mediated) allergy [3]. Sensitivity to sulfites in food is dependent on how 

much a person is exposed to SO2 or sulfites from all sources. The pathogenesis of adverse reactions to 

sulfites has not been clearly documented but it is unlikely that sulfite reactions are allergic and 

immunity-mediated or produce anaphylactic reactions. Labeling of foods containing sulfite at 

concentrations of 10 mg/kg or more is required in the European Union, although the threshold for 

sensitivity reactions could be even lower [4]. 

The toxicity of sulfites is generally low. Evaluations by the Scientific Committee for Food (SCF) 

and by The Joint FAO/WHO Expert Committee on Food Additives (JECFA) have led to the 

conclusion that, for most consumers, sulfites in foods are of low health concern, although single, large 

oral doses of sulfites can produce gastrointestinal disturbances [1]. 

Sulfites are used as food additives for a variety of applications. In most countries, sodium and 

potassium sulfate (NaHSO3, KHSO3), sodium and potassium meta-bisulfite (Na2S2O5, K2S2O5), and 

sodium sulfite (Na2SO3) are allowed, along with sulfur dioxide gas (SO2). In some countries, 

potassium sulfite (K2SO3) and sulfurous acid (H2SO3) are allowed. The U.S. has a long-standing 

restriction on use of sulfites in meats, but this restriction does not exist in all other countries [2]. 

In Serbia, sulfites in food are regulated by National Regulation [5]. Accordingly, sulfites are not 

allowed in partly processed meat products, except in some rare cases and types of foods (breakfast 

sausage with 6% grain or burger meat with 4% vegetables and/or grain). Similarly, to the FDA, all 

values under 10 ppm are considered as insignificant. 

The European Standard [6] specifies a distillation method for the determination of the sulfite 

content, expressed as SO2, in foodstuffs in which the content of sulfite is at least 10 mg/kg. The 

method is applicable in the presence of other volatile sulfur compounds. It is not applicable to 

cabbage, dried garlic, dried onions, ginger, leeks and soy proteins. It has been shown that the analysis 

of isolated soy protein leads to false positive results [6]. 

The principle of this method is based on measuring free sulfite plus a reproducible portion of bound 

sulfites (such as carbonyl addition products) in foods. The test portion is heated with refluxing solution 

of hydrochloric acid to convert sulfite to SO2. A stream of nitrogen is introduced below the surface of 

the refluxing solution to sweep SO2 through a water-cooled condenser and, via a bubbler attached to 

the condenser, into hydrogen peroxide solution, where SO2 is oxidized to sulfuric acid. The generated 

sulfuric acid is titrated with standardized sodium hydroxide solution. The sulfite content is directly 

related to the generated sulfuric acid [6]. 

The aim of this study was to determine levels of sulfites in retail meat products commonly 

consumed in Serbia. 

2. Materials and Methods 

In the period January 2016 to May 2017, 270 samples of different types of partly processed meat 

products prepared for grilling (6 hamburgers, 85 sausages, 63 pljeskavica (Serbian-style meat patties 

of various types) and 85 ćevapi or ćevapčići (grill kebabs)) were examined for SO2 content. Samples 

were collected from the Serbian market, and were produced mostly by domestic producers. 

The presence of sulfites was determined according to the standard procedure [6] and expressed as 

SO2 in mg/kg (ppm). 

All chemicals used for analysis of the presence of sulfites in partly processed meat products 

prepared for grilling were of analytical grade and were used as received without any further 

purification. The results analysis and graphical presentation of their distribution was performed using 

Microsoft Office Excel 2016. 
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3. Results and Discussion 
The results of determination of sulfites in the examined partly processed meat products prepared for 
grilling are shown in table 1. Also, distributions of the results, by groups and in all meat products 
examined, are graphically presented in figures 1-5. 
 

Table 1. Number of samples of partly processed meat products prepared for grilling examined 

for the presence of SO2 , for the period January 2016 – May 2017. 

Type of samples Not detected (<10 mg/kg SO2) Detected (>10 mg/kg SO2) 

Hamburger (6) 6 0 

Sausage, various types (85) 78 7 

Pljeskavica, various types (63) 57 6 

Ćevapi or ćevapčići (116) 95 21 

All samples (270) 236 34 

 

 

 

Figure 1. Percentage of all meat products examined where the presence of sulfites was detected or 

not detected. 

 

 
 

 

Figure 2. Percentage of sausages where the 

presence of sulfites was detected or not detected. 

 

Figure 3. Percentage of pljeskavica where the 

presence of sulfites was detected or not detected. 
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Figure 4. Percentage of ćevapi or ćevapčići 

where the presence of sulfites was detected or not 

detected. 

Figure 5. Percentage of hamburger where the 

presence of sulfites was detected or not detected. 

 

4. Conclusion 

Most of the tested meat products, 87.41% of them, met the National Regulation regarding the presence 

of sulfites, did not contain sulfites at detectable levels, and were safe for consumption. Hamburgers 

were the most safe, as 100% of them were without detectable sulfites, although we note that just six 

hamburgers were examined. The meat product group that had the highest percentage of products with 

sulfites detected was the group of ćevapi or ćevapčići, where 18.10% of examined products did not 

meet requirements laid down in National Regulation. 

All in all, most of products across the selected meat groups were safe for consumption. However, 

the relatively high number of partly processed meat products in which sulfites were detected leads us 

to conclude that periodic and regular control by the responsible authority is a necessary step in 

ensuring the safety and fitness for consumption of these products. 

 

References 

[1] Keng-Wen L, Dennis P H, Hui-Ying H, Chiu-Hu W, Shih-Pei N and Min-P Ling 2016 

Toxicology Reports 3 544-551 

[2] http://farrp.unl.edu/sulfitesinternatl  

[3] https://www.allergy.org.au/images/pcc/ASCIA_PCC_Sulfite_sensitivity_2014 

[4] European Food Safety Authority, Opinion of the Scientific Panel on dietetic products, nutrition 

and allergies on a request from the Commission relating to the evaluation of allergenic foods 

for labelling purposes 2004 EFSA J. 32 1–197 

[5] Pravilnik o prehrambenim aditivima, Sl. Glasnik RS br. 63/2013 

[6] SRPS EN 1988-1:2004 Foodstuffs - Determination of sulfite - Part 1: Optimized Monier- 

Williams method 

81,90%

18,10%

Ćevapi or čevapčići 

not detected (c SO2 < 10 mg/kg)

detected (c SO2 > 10 mg/kg)

100,00
%

Hamburger 

not detected (c SO2 < 10 mg/kg)

detected (c SO2 > 10 mg/kg)

http://farrp.unl.edu/sulfitesinternatl
https://www.allergy.org.au/images/pcc/ASCIA_PCC_Sulfite_sensitivity_2014.pdf


1

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

1234567890

59th International Meat Industry Conference MEATCON2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 85 (2017) 012068    doi   :10.1088/1755-1315/85/1/012068

 
 
 
 
 
 

Antimicrobial compounds of porcine mucosa 

E A Kotenkova, E A Lukinova and L V Fedulova 

The V.M.Gorbatov All-Russian Meat Research Institute, Russian Academy of 
Agricultural Sciences, Moscow, Russian Federation 

E-mail: lazovlena92@yandex.ru 

Abstract. The aim of the study was to investigate porcine oral cavity mucosa (OCM), nasal 
cavity mucosa (NCM), rectal mucosa (RM) and tongue mucosa (TM) as sources of 
antimicrobial compounds. Ultrafiltrates with MW >30 kDa, MW 5-30 kDa and MW <5 kDa 
were obtained. All ultrafiltrates had antimicrobial activity against Еscherichia coli and Proteus 
vulgaris. NCM ultrafiltrates revealed the highest antibacterial activity in respect to negative 
control: for the fraction with MW >30 kDa, the zone of microbial growth inhibition was 7.5 
mm, for the MW<5 kDa fraction, it was 7 mm, and for MW 5-30 kDa fraction, it was 4.5 mm. 
No significant differences were found in high molecular weight proteomic profile, while 
qualitative and quantitative differences were observed in the medium and low molecular 
weight areas, especially in OCM and NCM. HPLC showed 221 tissue-specific peptides in 
OCM, 156 in NCM, 225 in RM, but only 5 in TM. The results observed confirmed porcine 
mucous tissues as a good source of antimicrobial compounds, which could be an actual 
alternative for reduction of microbial spoilage of foods. 

1. Introduction 
Analysis of scientific publications has shown there is intensive investigation of bioactive substances 
derived from animal tissues. The urgent need for alternative ways to combat pathogenic 
microorganisms that are rapidly acquiring resistance has led to comprehensive study of substances 
with antimicrobial action, especially in the last decade, while antimicrobial peptides have been known 
for more than 60 years. Thus, currently, about 2,000 antimicrobial compounds are found in tissues of 
different animal species.  

Nowadays, a wide range of publications are dedicated to isolation and study of substances with 
antimicrobial action from microorganisms [1], cultured and wild plants (barley [2]), secretions from 
arthropods (scorpion venom [3,4]) and mollusks (oyster slime [5]), skin of amphibians, reptiles and 
fishes (cod [6], sturgeon [7], salamander [8], frogs [9,10]), blood cells of mammals and birds (chicken 
thrombocytes [11], leukocytes of goats [12], foxes [13], elk [14], cattle [15], etc.). For example, one of 
the largest databases supported by the University of Trieste lists more than 800 antimicrobial peptides 
(and some proteins) from various species such as amoeba, plants, penguins, people, etc. Various 
attempts have been made at classification of these compounds. Commonly, peptides are classified 
according to secondary structure: linear α-helical peptides (e.g., LL-37), peptides with β-strands linked 
by disulfide bridges (e.g., defensins), loop peptides (e.g., bactenecin), and those with a high content of 
specific amino acids (e.g., histatins) [16]. Antimicrobial substances are active against both gram-
negative and gram-positive bacteria, and also fungi, viruses and protozoa. The mechanism of action is 
based on the destruction of microbial membrane due to integrity damage or interaction with certain 
areas of membranes. First, peptide and negatively charged membrane of the microorganism are 
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electrostatically attracted, then the membrane is disrupted due to pore formation, through which ions 
and other cell components exit the microbal cell [17]. 

More than 500 antimicrobial proteins and peptides were found in tissues of mammals and are 
classified into histatins, cathelicidins and defensins. This later category is the most widely studied, and 
it is subdivided into alpha-defensins (found mainly in neutrophils and Paneth cells), beta-defensins 
(localized in leukocytes and epithelial cells) and theta-defensins (the least studied, found in some 
primates) [18]. Initially, defensins in mammals were described in 1956 by Robert C. Skarnes, and W. 
Dennis Watson as leukins and James G. Hirsch as phagocytins produced by rabbit leukocytes. H. I. 
Zeya and John K. Spitznagel related open substances to one molecular family, which they identified as 
cationic antimicrobial proteins. Only in 1985, did Michael E. Selste et al. give them their modern 
name – defensins [19].  

Nevertheless, despite the ready availability and low cost of farm animal by-products, the question 
of their use as a source of substances with antimicrobial action is not enough in focus. However, the 
intensive development of proteomics in recent years has made it possible to study the composition of 
such substances. The results confirm that proteome and peptidome of barrier tissues can be 
significantly changed, mainly due to biosynthesis of proteins and peptides that are involved in cellular 
processes, metabolism, and immune protection. Moreover, overexpression of such compounds 
continues for some time after inflammation subsides. In addition, the particular combination of 
antimicrobial agents produced varies considerably depending on the type of pathogen that caused the 
inflammatory response. In this regard, the study of antimicrobial proteins and peptides contained in the 
mucous membranes of cattle and pigs is highly relevant due to their border position and, as a result, 
intensive contact with a wide range of biological agents (pathogenic and opportunistic 
microorganisms, viruses, fungi). 

In summary, it is possible that meat by-products could contain significant resources of 
antimicrobial proteins and peptides, and their biological activity is of primary worth for study in 
developing alternative approaches to food processing technology, with the aim of prolonging food 
shelf life.  

2. Materials and Methods 
The objects of study were extracts and ultrafiltrates of porcine oral cavity mucosa (OCM), nasal cavity 
mucosa (NCM), rectal mucosa (RM) and tongue mucosa (TM). Extraction was carried out on 
laboratory dispersing equipment (Labotex, Russia) with 0.9% NaCl for 24 hours, ratio 1:2, at a 
temperature of 4-5 °C, 300 rpm. Extract was separated by centrifuging using a CM-6M (ELMI, Latvia) 
at 3500 rpm for 8 min, and then ultrafiltrated on PES membranes (MWCO 5 and 30kDa) by tangential 
filtration on a VivaFlow 200 system (Sartorius, Germany). 

Antibacterial activity against Еscherichia coli and Proteus vulgaris was determined by the disc-
diffusion method. Cell cultures of E. coli and P. vulgaris were seeded on agar surfaces in Petri dishes, 
then paper discs moistened with ultrafiltrates (concentration: 0.1 g/ml 0.05 g/ml, 0.025 g/ml and 0.012 
g/ml) were placed on the agar surfaces and incubated at 37°С. Zones of microbial growth inhibition 
were measured after 20 and 40 hours. 

One-dimensional electrophoresis of extracts was carried out according to the Laemmli method in 
the 15% gradient SDS-PAGE with standards purchased from Fermentas (Fermentas, Lithuania).  

Analysis of the peptide profile was carried out using high performance liquid chromatography 
(HPLC) with mass spectrometer (liquid chromatograph AGILENT 1200 C with a mass selective 
detector, AGILENT 6410, USA). 

3. Results and Discussion 
All ultrafiltrates of porcine ORM, NCM, RM and TM possessed antimicrobial activity against E. coli 
and P. vulgaris. NCM ultrafiltrates revealed the highest antibacterial activity: for the fraction with 
MW >30 kDa, the microbial growth inhibition zone was 7.5 mm, for the MW<5 kDa fraction, it was 7 
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mm, and for the MW 5-30 kDa fraction, it was 4.5 mm. Zones of microbial growth inhibition of ORM 
and TM ultrafiltrates (MW>30 kDa) were 4 mm. 

Proteomic studies showed that the greatest number of low and high molecular weight proteins were 
detected in ORM and NCM, (about 30 bands), while in TM had 28 bands, and RM had 23 bands 
(figure 1). 

 

Figure 1. One-dimensional electrophoresis of porcine extracts. St – Molecular weight marker (250, 
150, 100, 70, 50, 40, 30, 20, 15, 10 and 5 kDa). Lanes: 1 – TM, 2 – OCM, 3 – NCM, 4 – RM. Dotted 
lines show locations of: purple – high-molecular fraction (Mm>30 kDa), green – medium molecular 
fraction (Mm 5-30 kDa), blue – low molecular fraction (Mm <5 kDa).  

According to the UniProt Protein DataBase, we can assume that tissue-specific proteins could be 
present in the investigated porcine extracts but were hidden in bands of the major proteins and the 
intensity of bands was formed both by major and minor (tissue specific) proteins. Thus, TM and NCM 
both contained a band of 15-17 kDa, which may correspond to protegrin-1,2,3 (16-17 kDa) with 
bactericidal activity against E. coli, Listeria and Candida albicans, while a band in the NCM probably 
corresponds to an antibacterial protein PR-39 (19 kDa) with antimicrobial activity against both E. coli 
and Bacillus megaterium. TM and OCM may contain the antibacterial peptide AP 3910 (4 kDa), while 
in both OCM and NCM, in the region of 8-10 kDa, AP 2 (9 kDa) and hepcidin (9 kDa) appear as 
likely candidates. These compounds are also characterized by a high antibacterial activity [10]. 

HPLC results showed that OCM contained 221 tissue-specific peptides, NCM contained 156, RM 
contained 225, while in TM, only 5 such peptides occurred (figure 2). 

 
Figure 2. Peptide profiles of extracts. A – porcine muscle tissue, B – TM, C – NCM, D – OCM, D – 
RM. Dotted lines show ranges of: purple – 1100-1600 Da, green – 600-100 Da, red – 100-400 Da.  
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It was revealed that high molecular weight ultrafiltrates of porcine NCM and TM possessed the 
highest antibacterial activity. Bacterial growth inhibition zones were as large as 7.0 mm in diameter. 
Proteomic studies did not reveal significant differences in the high molecular range, while qualitative 
and quantitative differences were observed in the medium and low molecular weight areas, especially 
in OCM and NCM. The largest number of tissue-specific peptides was observed in RM and OCM 
(225 and 221, respectively). 

The observed results confirm the investigated porcine mucosa tissues to be a good source of 
antimicrobial compounds, which could be suitable as actual alternative compounds to reduce 
microbial spoilage of foods. 
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Abstract. Listeria is the genus of a bacteria found in soil and water and some animals, 
including poultry and cattle. It can be present in raw milk and food made from raw milk. It can 
also live in food processing plants and contaminate a variety of processed meats. 
Microscopically, Listeria species appear as small, Gram-positive rods, which are sometimes 
arranged in short chains. In direct smears, they can be coccoid, so they can be mistaken for 
streptococci. Longer cells can resemble corynebacteria. Flagella are produced at room 
temperature but not at 37°C. Haemolytic activity on blood agar has been used as a marker to 
distinguish Listeria monocytogenes among other Listeria species, but it is not an absolutely 
definitive criterion. Further biochemical characterization is necessary to distinguish between 
the different Listeria species. The objective of this study was to detect, isolate and identify 
Listeria monocytogenes from poultry meat. Within a period of six months from January to June 
2017, a total of 15 samples were collected. Three samples were positive for the presence of 
Listeria monocytogenes. Biochemical and microbiological tests as well as PCR technique using 
specific primers were used to confirm L. Monocytogenes in the samples. 

1. Introduction 
Listeria monocytogenes is recognized as an important foodborne pathogen in many industrialized 
countries. The consumption of food contaminated by L. Monocytogenes has been identified as the 
main transmission route for this pathogen in both humans and animals. In humans, listeriosis is a rare 
but serious illness that can lead to abortion or serious cases of meningitis or encephalitis, and even 
death [1]. Cases are observed especially in vulnerable and immunocompromised humans such as 
newborn infants, pregnant women, cancer or AIDS patients and the elderly. Because of the high 
fatality rate (20–30%), listeriosis ranks among the most frequent causes of death due to foodborne 
illnesses [2,3]. Since 2006, increasing numbers of listeriosis cases have been observed in several 
European Union countries, including France, predominantly in people of more than 60 years of age 
[4,5]. L. Monocytogenes is widely disseminated in the environment (soil, surface water, plants, and 
infected animals). The ubiquitous character of the pathogen inevitably results in the contamination of 
numerous food products (such as milk and dairy products, raw vegetables, meat and meat products and 
seafood). Poultry, poultry products, eggs and egg products have rarely been reported to be involved in 
L. Monocytogenes outbreaks [6]. In most studies, the contamination of poultry meat occurs during the 
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slaughtering and processing phases [7,8,9,10,11]. Very few studies have reported an incidence of L. 
Monocytogenes at the farm level [12]. 

2. Materials and Methods 
Isolation of L. monocytogenes was performed according to the ISO standard method [13]. A food 
sample of 25 g was added to 225 ml of half strength Fraser broth which is used as primary enrichment 
media, to obtain a 1:10 sample dilution. All samples were homogenized 30- 60 seconds and incubated 
at 30°C for 24 h ± 2 h. Pre-enrichment media may contain selective agents to inhibit the growth of 
competing microorganisms, but usually at lower concentrations than those used in selective 
enrichments.  

From this primary enrichment, 0.1 ml was inoculated into 10 mL of Fraser Broth which is 
secondary enrichment medium, and incubated for 48 h at 37°C. A loopful of the Fraser Broth 
enrichment culture was streaked on the surface of different selective agar, ALOA agar and second 
Palcam agar, and incubated in an incubator at 37 or 35C for 48 ± 2 h. The selective enrichment 
culture is inoculated on to two selective agar media and incubated at 37 or 35C for 48 ± 2 h. Selective 
agar were observed for suspected colonies at 24 to 48 h of incubation. Characteristic colonies were 
purified on TSYEA for identification. 

Two individual colonies of each suspect isolate were suspended in 50 μl of DNA/RNA free water 
and heated at 95°C for 5 minutes. To demonstrate the L. monocytogenes genome, a commercial kit 
(TopTaq Master Mix Kit, Qiagen®, Germany) and primers (Lip1 gatacagaaacatcggttggc and Lip2 
gtgtaacttgatgccatcagg) and the thermal protocol described by Jofre et al., [14] were used. 10 μl of the 
PCR product was analysed by agar gel electrophoresis in 2% gel, with addition of ethidium bromide 
and visualized in UV transilluminator. 

3. Results and Discussion 
From a total of 15 poultry meat samples that were tested, 3 were positive for presence of L. 
monocytogenes and all 3 isolates were confirmed by PCR. Pure cultures were isolated from all three 
suspect poultry meat samples, and were shown by PCR to contain the marker for the L. 
monocytogenes genome (figure 1). 

 

Figure 1. Agarose gel electrophoresis. M - 
molecular marker (100 bp), 1. L. 
monocytogenes positive sample (274 bp), 2. 
positive control, 3. negative control. 

 
Listeria is not particularly resistant to disinfectants. In order to obtain optimal disinfection, it is 

thus necessary to respect cleaning and disinfection procedures. Moreover, the ability of L. 
monocytogenes to develop biofilms on a variety of surfaces makes disinfection treatment difficult [15]. 
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The best way to avoid contamination would be to prevent biofilm formation in food industries by 
frequently disinfecting and cleaning surfaces [16]. This procedure should be sufficient to remove cells 
not yet strongly adhered, although any such cleaning can fail and not remove mature biofilms. To 
fulfil this purpose, the use of appropriate disinfectants is essential, and other strategies have been 
tested with this aim. Some examples are the use of ozone or acidic water, usually considered eco-
friendly biocides, as they do not leave chemical residuals [17]. Besides these products, natural 
compounds extracted from bacteria or aromatic plants cultures and some GRAS (generally recognized 
as safe) ingredients have also been evaluated to eradicate biofilms [18,19]. 

4. Conclusion  
L. monocytogenes is considered as a highly pathogenic bacterium that, world-wide, contaminates a 
wide range of food products, and has a high mortality rate in infected patients. Our investigation 
showed L. monocytogenes was present in Serbian poultry meat. The hygienic status of the 
slaughterhouse and sanitary practices observed at the farm could be relevant for the Listeria status of 
poultry meat, although this data is not reported here. These factors have already been reported in 
studies related to Salmonella and Campylobacter in poultry flocks, but this is the first time this idea is 
presented for L. monocytogenes in Serbia. 
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Abstract. The aim of this study was to present the distribution of cadmium (Cd) levels in leg 
muscle and liver of game birds. Samples (n=464) of: pheasants (n=182), mallards (n=25), 
Eurasian jay (n=7), partridges (n=5), woodcocks (n=8) and common quail (n=5) were collected 
during regular hunting seasons within the Serbian National Residue Monitoring Program from 
2013 to 2016. Analysis of Cd was performed by ICP-MS. In all liver samples, Cd levels were 
above the limit of detection (LOD=0.001 mg/kg) while in 66.4% of muscle samples, Cd was 
detected. Statistical analysis showed significant differences between Cd levels in leg muscle 
and liver of woodcocks and others game birds. The highest mean Cd level was observed in 
muscle samples of woodcocks (0.042 mg/kg). The lowest mean Cd levels in liver were 
observed in common quails (0.130 mg/kg) and mallards (0.160 mg/kg) while the highest levels 
were measured in woodcocks (1.247 mg/kg) and pheasants (0.262 mg/kg). During four years 
of the Serbian National Residue Monitoring Program, leg muscle samples of woodcocks (n=3), 
liver samples of pheasants (n=23), woodcocks (n=6) and mallards (n=3) exceeded the 
maximum residue limit (MRL). 

1. Introduction 
Environmental pollution with heavy metals is world-wide problem [1]. Human activities, 
technological and industrial development all influence heavy metal contamination in the environment. 
Cadmium (Cd) occurs on agricultural land as a contaminant of phosphorous fertilizers and can be 
found in sewage sludge, surface waters and plants. Cd is a ubiquitous and toxic heavy metal, 
recognized as a potential health threat to human and wildlife species as it is not biodegradable and 
accumulates in living organisms [2, 3]. According to the International Agency for Research on Cancer, 
Cd and its compounds are classified as carcinogenic to humans [4]. 

Game and game birds are free-living wildlife. As they freely choose food and are the part of soil-
plant-animal chain, Cd contamination in free-living game could be fair bioindicator of environmental 
pollution [5]. Accumulation of Cd in tissues of game, including game birds is studied almost world-
wide [6-9]. 

Scientific information about Cd levels in tissue of game birds from Serbia is scarce. The aim of this 
study was to determine and compare distribution of Cd in leg muscle and liver of different species of 
game birds. 
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2. Materials and Methods 
Levels of Cd were measured in leg muscle and liver of game birds (n=464). Pheasants (n=182), 
mallards (n=25), Eurasian jay (n=7), partridges (n=5), woodcocks (n=8) and common quail (n=5) were 
acquired during regular hunting seasons and analysed within the Serbian National Residue Monitoring 
Program from 2013 to 2016. 

Frozen samples were thawed at 4ºC the day before the analysis and then homogenized. An amount, 
of approximately 0.5 g of homogenized tissue was transferred into a teflon vessel with 5 mL of nitric 
acid (67% Trace Metal Grade, Fisher Scientific, Bishop, UK) and 1.5 mL of hydrogen peroxide (30% 
analytical grade, Sigma-Aldrich, St. Louis, MA, USA) for microwave digestion. The microwave oven 
(Start D, Milestone, Sorisole, Italy) program consisted of three steps: 5 min from room temperature to 
180°C, 10 min hold at 180°C and 20 min ventilation. After cooling, the digested sample solutions 
were quantitatively transferred into polypropylene volumetric flasks and diluted to 100 mL with 
deionized water obtained from a water purification system (Purelab DV35, ELGA, Buckinghamshire, 
UK). 

Inductively coupled plasma mass spectrometry (ICP-MS), (iCap Q mass spectrometer, Thermo 
Scientific, Bremen, Germany), was used for analysis of the 111Cd isotope. A five-point calibration 
curve (including zero) was constructed for the qualitative analysis of the samples. Multielement 
internal standard (6Li, 45Sc—10 ng/mL; 71Ga, 89Y, 209Bi—2 ng/mL) was introduced online by an 
additional line through the peristaltic pump.  

The quality of the analytical process was verified by analysis of the certified reference material 
NIST 1577c (Gaithersburg, MD, USA). Reference material was prepared in the same way as samples 
using microwave digestion. Obtained concentrations were in the range of certified values. 

Statistical analysis of experimental data was performed using Minitab 16 Statistical software. One-
way analysis of variance – ANOVA and Tukey’s HSD test were applied for comparison of Cd levels 
between different leg muscles samples as well as between livers from different game birds. For the 
purpose of calculation, when the levels of Cd were below the limit of detection (LOD, LOD=0.001 
mg/kg), that value was assumed to be equal to 1/2 LOD. 

3. Results and Discussion 
The results of Cd levels in leg muscle and liver of the analysed samples are presented in table 1 and 
table 2, respectively.  

 
Table 1. Cd levels in leg muscle of game birds from Serbia. 

 n1 min-max Mean ± SD n2 
Pheasants 182 < LOD-0.049 0.006±0.008a  
Mallards 25 < LOD-0.026 0.005±0.006a  

Eurasian jay 7 0.003-0.010 0.005±0.003a  
Partridges 5 < LOD-0.008 0.004±0.003a  

Woodcocks 8 0.018-0.065 0.042±0.019b 3 
Common quail 5 < LOD-0.028 0.008±0.012a  

n1 – number of samples. 
n2 – number of non-compliant samples. 
a–b Different superscripts within the same column indicate significant differences of means according to Tukey’s 
HSD test (p < 0.05). 
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Table 2. Cd levels in liver of game birds from Serbia. 

 n1 min-max Mean ± SD n2 
Pheasants 182 0.014-1.162 0.262±0.257a 23 
Mallards 25 0.005-0.746 0.186±0.166a 2 

Eurasian jay 7 0.084-0.277 0.174±0.086a  
Partridges 5 0.084-0.292 0.160±0.078a  

Woodcocks 8 0.213-3.204 1.247±0.989b 6 
Common quail 5 0.005-0.467 0.130±0.190a  

n1 – number of samples. 
n2 – number of non-compliant samples. 
a–b Different superscripts within the same column indicate significant differences of means according to Tukey’s 
HSD test (p < 0.05). 

 
The levels of Cd in leg muscle were from < 0.001 to 0.042 mg/kg. The highest percentages of 

detected Cd levels in leg muscle were detected in woodcocks, partridges and common quails (figure 
1). The highest mean Cd level was observed in leg muscle of woodcocks (0.042 mg/kg) while in other 
game birds, Cd was found only at very low levels, often close to the LOD (table 1). Statistical analysis 
showed significant differences between Cd levels in leg muscle of woodcocks and others game birds. 
According to the national legislation [10] there is no maximum residue level (MRL) for Cd in game 
tissue, therefore MRL for Cd in poultry tissue (muscle, liver) was used instead. The MRL for Cd in 
poultry muscle is 0.050 mg/kg [10]. Three leg muscle samples of woodcocks analysed during four 
years (2013-2016) exceeded this level i.e. those samples were non-compliant. 

 
 

 

Figure 1. Percentage (%) of leg muscle samples of game birds with detected Cd 
levels. 

 
While Cd levels in leg muscle was mostly low, liver accumulated higher levels [8, 11, 12] resulting 

in detectable levels of Cd in all liver samples examined. The lowest mean Cd levels in liver were 
established in livers from common quail (0.130 mg/kg) and mallards (0.160 mg/kg) while the highest 
were in livers from woodcocks (1.247 mg/kg) and pheasants (0.262 mg/kg). Significant differences 
were established between Cd levels in liver of woodcocks and others game birds. National legislation 
[10] established 0.500 mg/kg as the MRL for Cd in game liver. Some livers of pheasants (n=23), 
mallards (n=2) and woodcocks (n=6) exceeded this level. The highest measured Cd levels were in 
liver of mallard (3.204 mg/kg) and pheasant (1.162 mg/kg).  

To the best of our knowledge, most of the literature on the subject of Cd levels in tissue of game 
birds is for pheasants and mallards. According to Petrovic and Jankovic [9], two liver samples (0.70 
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and 0.95 mg/kg) of pheasants collected during hunting seasons 2004 and 2005 in Serbia exceeded the 
MRL. The mean Cd level in leg muscle of pheasants from the current study was lower while in liver, it 
was higher compared to the mean Cd levels reported by Koréneková et al. [13] (0.019 and 0.024 
mg/kg, respectively). Szymczyk and Zalewski [14] reported lower mean Cd level in pheasants’ livers 
(range from 0.130 to 0.180 mg/kg) in birds living near a non-ferrous metallurgy area as well as Cd 
levels among their non-compliant samples (1.121 mg/kg) than we obtained in this study. Also, Cd 
levels in liver of mallards were examined in Szymczyk’s and Zalewski’s [14] study. The authors 
reported Cd levels in liver of analysed mallards in the range of 0.014 to 0.394 mg/kg, which was lower 
compared to our data, while higher levels of Cd in liver were found in mallards from the polluted 
region of Ślask (average 1.274 mg/kg) [14]. 

4. Conclusion 
During the Serbian National Residue Monitoring Program from 2013 to 2016, 7% of leg muscle and 
liver samples of game birds were non-compliant for Cd levels. Hunters and members of their 
households commonly eat game meat, thus intaking higher amounts of Cd than the average 
population. It is assumed that the amount of consumed game meat could pose a health risk even in this 
small part of the population. Therefore, continual control of Cd and other toxic elements in game meat 
is needed in order to assess the safety of these tissues with respect to human health.  

References 
[1] Walker C H, Hopkin S P, Sibly R M and Peakall D B 2006 Principles of Ecotoxicology (Boca 

Raton, FL: Taylor & Francis) 
[2] Larison J R, Likens G E, Fitzpatrick J W and Crock J G 2000 Nature 406 181 
[3] Chan D Y, Fry N, Waisberg M, Black W D and Hale B A 2004 J. Toxicol. Environ. Health 67 

397 
[4] IARC International agency for research on cancer 2012 (Lyon, France) 
[5] Alexander J, Benford D, Cockburn A, Cravedi J, Dogliotti E and Domenico A 2009 EFSA J. 

980 1 
[6] Kramárová M et al. 2005 Bull. Vet. Inst. Pulawy 49 465 
[7] Mochiyuki M, Hondo R, Kumon K, Sasaki R, Matsuba H and Ueda F 2002 Environ. Monit. 

Assess. 73 229 
[8] Toman R, Massányi P, Lukáč N, Ducsay L and Golian J 2005 Ecotoxicol. Environ. Saf. 62 112 
[9] Petrovic Z and Jankovic S 2008 Tehnologija mesa 49 36 
[10] Official gazette of RS 29/2014  
[11] Massányi P, Toman R, Uhrín V and Renon P 1995 Ital. J. Food Sci. 7 311 
[12] Massányi P and Uhrín V 1996 J. Environ. Sci. Health. A32 1459 
[13] Koréneková B, Skalická M, Kožárová I, Nagy J, Máté D and Nad P 2008 Slovak J. Anim. Sci. 

41 184 
[14] Szymczyk K and Zalewski K 2003 Pol. J. Environ. Stud. 12 381 



1

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

1234567890

59th International Meat Industry Conference MEATCON2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 85 (2017) 012071    doi   :10.1088/1755-1315/85/1/012071

 

 

 

 

 

 

Use of olive oil-in-water gelled emulsions in model turkey 

breast emulsions 

M Serdaroğlu and B Öztürk 

 

Ege University Engineering Faculty Food Engineering 35100 Bornova-Izmir/Turkey 

 

E-mail: burcu.ozturk@ege.edu.tr 

Abstract. Today, gelled emulsion systems offer a novel possibility in lipid modification of 

meat products. In this study, we aimed to investigate the quality characteristics of model turkey 

emulsions that were prepared with olive oil-in-water gelled emulsion (GE) as partial or total 

beef fat replacer. The results indicated that while most of the GE treatments showed equivalent 

emulsion characteristics in terms of emulsion stability, water-holding capacity and cook yield, 

utilization of 100% GE as the lipid source could increase total expressible fluid of the model 

turkey emulsion and thus negatively affect the quality. Utilization of GE was effective in total 

fat reduction, as the model turkey emulsions formulated with more than 50% GE had 

significantly lower fat content compared to full-beef fat control model emulsion. However, 

beef fat replacement with GE produced considerable changes in colour parameters. Finally, it 

was concluded that utilization of GE as a partial beef fat replacer has good potential to enhance 

stability and reduce total fat in turkey meat emulsion products.  

1. Introduction 

Although the consumption of poultry meat products has been continuously increasing in the last 

decades, consumers currently associate further processed meat products as a high animal fat-

containing, unhealthy food source. Therefore, an important goal for the meat industry is to suggest 

novel lipid modification strategies. Incorporation of gelled emulsion (GE) in poultry product 

formulations is one of the new approaches in lipid modification that ensures both the product yield and 

healthier composition. An emulsion gel is defined as “an emulsion with a gel-like network structure 

and solid-like mechanical properties” [1]. GEs mimic the functional and sensory characteristics of 

animal fat used in most of the widely-consumed meat products [2]. Olive oil has long been known as a 

functional vegetable oil that is a rich source of mono- and polyunsaturated fatty acids, providing 

beneficial health impacts [3]. In this study, we aimed to research the effects of olive oil-in-water GE as 

beef fat replacers in model turkey emulsions, with particular regard to emulsion stability parameters 

and final quality.  

2. Materials and Methods 

Fresh boneless, post-rigor turkey breast muscles (Pectoralis major), beef fat (BF), olive oil and other 

ingredients were purchased from the local market. For preparation of GEs, the oil phase (50 g/100 g 

emulsion) containing polyglycerol polyricinoleate (PGPR) as surfactant (6.4 g/100 g oil), was added to 

the aqueous phase containing 3 g gelatine/100 g emulsion and 9 g inulin/100 g emulsion, and 

homogenized. Both phases were previously heated separately to 55ºC on a hot plate stirrer. After the 
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homogenization process (6000 rpm, Ultra-Turrax® T25, UK), the emulsion was cooled to room 

temperature.  

The GE was kept for 12 h at 4°C until being used in meat emulsions [4]. Model system turkey 

emulsions were produced according to Öztürk et al. [5]. Each treatment was prepared to initially 

contain 20% total lipid. Control (C) group consisted of 100% BF, whereas GE treatments were 

formulated by replacing 30% (G1), 50% (G2), 70% (G3) or 100% (G4) of BF. Turkey breast muscles 

and beef fat were separately minced through a 3 mm plate grinder (Arnica, Turkey). Minced meat was 

homogenised for 1 min using a kitchen-type mixer (Tchibo, Germany) that was placed in ice bath. 

After that, BF (control) and/or GE, half of the ice, sodium chloride (1%), sodium tripolyphosphate 

(0.5%) and sodium nitrite (0.015%) were added and mixed for 1 min. The other half of the ice was 

then added and mixing was continued again for 2 min. 

Emulsions were placed in hermetically sealed centrifuge tubes and centrifuged at 3100 × g at 4°C 

for 1 min to eliminate any air bubbles. These were then heat-treated in a 70°C water bath for 30 min 

and cooled to room temperature. Turkey model emulsions were stored in sealed tubes at 4°C prior to 

analysis. Emulsion stability (ES) as total expressible fluid (TEF) and expressible fat (EFAT) [6], 

water-holding capacity (WHC) [6], and cook yield (CY) [7] were analysed to evaluate turkey model 

emulsion characteristics. pH was measured by using a pH-meter equipped with a penetration probe. 

Total moisture, protein and ash analyses were carried out according to AOAC [8]. Total lipid content 

was evaluated according to Flynn and Bramblett [9]. Colour (L*, a*, b*) of the emulsions was 

measured with a portable colorimeter (Konica Minolta, Japan). Data was analysed by ANOVA and 

Duncan’s Post-Hoc tests using the SPSS software. 

3. Results and Discussion 

TEF and EFAT, WHC and CY results are presented in figure 1a, 1b and 1c, respectively. TEF was 

recorded as being between 6.23-10.65% in the various model turkey emulsions. G4 emulsions had the 

highest TEF value among the formulations (P<0.05), whereas G1 and G2 emulsions had similar TEF 

compared to C emulsions. 

This result showed that increased concentrations of GE might have an undesired impact on 

emulsion stability but concentrations of 30% and 50% should favour stability. EFAT values were 

between 6.73-9.08%, where the lowest value was measured in G1 group, indicating that this emulsion 

had good stability in terms of both expressible fluid and fat. 

The other groups had similar EFAT compared to the control. WHC of the model turkey emulsions 

were in the range of 54.29-63.67% and all the GE model turkey emulsions showed similar WHC to C 

emulsions. In GE treatments, G2 group had higher WHC than G4 (P<0.05). Thus, the total fat 

replacement seemed to decrease WHC. The CY measured was between 94.93-96.83%, where GE 

model turkey emulsions had similar values to C emulsion, in accordance with WHC results. Similar to 

our results, Serdaroğlu et al. [4] reported that total beef fat replacement with olive oil GEs in model 

beef emulsions could negatively affect emulsion characteristics, but could show equivalent stability 

when replacement level was up to 50%. 
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(a)            (b)    (c) 

Figure 1. (a) Emulsion stability (TEF & EFAT), (b) WHC and (c) CY of the treatments. Different 

letters indicate significant difference (P<0.05). Standard deviation of the means was recorded between 

0.21-1.81, 0.06-0.89, 1.13-2.74 and 0.03-0.84 for TEF, EFAT, WHC and CY, respectively. 

 

Chemical composition and pH values of the model turkey emulsions are presented in table 1. Total 

moisture, protein, lipid and ash content were between 62.62-66.01, 16.45-17.82, 10.45-16.64 and 1.98-

2.21, respectively. No significant differences were obtained in moisture and protein content of the 

model turkey emulsions. Similar moisture contents could be attributed to the similar WHCs of the 

model turkey emulsions. 

In addition, since added GE was not a source of protein, the total protein content of the model 

turkey emulsions did not differ. A significant lipid reduction was achieved in the model turkey 

emulsions formulated with more than 50% GE (P<0.05). This result showed that incorporating GEs in 

turkey product formulations could offer a favourable advantage, promoting healthier composition of 

the meat products. 

The lowest lipid content was recorded in G4 emulsions (P<0.05), whilst G2 and G3 emulsions had 

similar lipid content. Ash content of G4 emulsions was also significantly lower than other treatments 

(P<0.05). pH values of the treatments range between 5.99-6.06. G2 and G3 emulsions had similar pH 

value compared to C, but pH value was higher in G4 and lower in G1 than in C emulsions (P<0.05). 

Therefore, an average level of GE should be useful to maintain the pH value. 

 

Table 1. Chemical composition and pH values of model turkey emulsions. 

Treatments Moisture (%) Protein (%)  Lipid (%) Ash (%) pH 

C 63.26 ± 1.02 17.55 ± 1.41 16.64a ± 0.38 2.21a ± 0.07 6.02b ± 0.01 

G1 62.62 ± 0.65 17.40 ± 0.31 16.41a ± 0.45 2.18a ± 0.03 5.99c ± 0.01 

G2 65.55 ± 1.26 16.45 ± 1.06 13.74b ± 0.14 2.16a ± 0.03 6.01b ± 0.01 

G3 66.01 ± 1.27 17.12 ± 1.00 12.72b ± 0.50 2.13a ± 0.09 6.01b ± 0.01 

G4 65.73 ± 1.12 17.82 ± 0.70 10.45c ± 0.36 1.98b ± 0.03 6.06a ± 0.02 

a, b, c: Different letters indicate significant difference (P<0.05). 

Data is presented as mean values ± standard deviation.  

Colour parameters of model turkey emulsions are shown in figure 2. L*, a* and b* values were 

between 74.43-77.79, 2.92-5.30 and 8.18-11.43, and replacement of beef fat with GEs led to 

significant differences in all of the colour parameters (P<0.05). The lowest L* and b* and the highest 

a* values were recorded in C emulsions (P<0.05). Thus, utilization of GE resulted in increased L* and 

b* and decreased a* values (P<0.05). G4 emulsions had the highest L* value (P<0.05) while L* 

values were similar in G1, G2 and G3 emulsions, meaning that GE concentrations more than 70% 
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could produce a larger change in L* values. In GE treatments, a* values were decreased with 

increased GE concentrations (P<0.05), except in G2 and G3 emulsions that had similar a* values. In 

b* values, an increasing trend was recorded with increased concentrations of GE (P<0.05), probably 

due to the natural yellow-greenish colour of olive oil used in GE formulations. Similar to our study, 

Serdaroğlu et al. [4] reported that addition of GE in model beef systems increased lightness and 

yellowness but reduced redness compared to control samples. It should be noted that since 

instrumental colour parameters are not certainly in a linear relationship with colour acceptability, the 

visual satisfaction of the consumers should be evaluated in products formulated with GEs.  

 

Figure 2. L*, a* and b* values of the model turkey emulsions. Different letters indicate significant 

difference (P<0.05). Standard deviation of the means was recorded between 0.19-1.15, 0.30-0.83 and 

0.05-1.16 for L*, a* and b*, respectively.  

4. Conclusion 

The results of our study indicated that incorporating GE into model turkey meat emulsions presented 

favourable effects in terms of emulsion stability and fat reduction. Utilization of GE resulted in turkey 

meat emulsions with equivalent emulsion stability parameters to full-beef fat turkey meat emulsions, 

and thus, the use of GE offers technological advantages. However, increased concentrations of GE 

could have a negative impact on emulsion stability parameters in terms of expressible fluid, although 

no significant changes were observed in water-holding capacity or cooking yields. Reductions in total 

fat were obtained in model turkey emulsions that were produced with more than 50% GE as beef fat 

replacer, which is key to development of healthier product formulations. However, the colour 

parameters were highly affected by GE incorporation. Further study should be performed regarding 

the adoption of GE in various meat products.  
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Abstract. This study was performed to evaluate consumers’ perception and acceptance of 
selected pork and chicken sausage (budim and chicken sausages, respectively) from Zlatiborac 
Meat Company. Sensory evaluation was performed by Serbian consumers (n=1157) in three 
retail stores in Belgrade. Consumers were asked for their preference for taste, salt content and 
smoke of two sausages and to recognize the kind of meat which was used to make these meat 
products. Consumers evaluated taste, salt content and smoke flavor of budim and chicken 
sausages with the highest percentage of the best offered answer. Between 47-55%, 72-76% and 
82-84% of consumers evaluated the taste of sausages as good, the salt content as well-balanced 
and the smoke flavor as balanced, respectively. Tukey’s HSD test was applied to analyze 
variations of male and female perception and acceptance of analyzed sausages. 

1. Introduction 
Meat and meat products have played a very important role in the daily diet of consumers over the 
world. They are highly valued sources of protein, iron, zinc and vitamins etc. On the other hand, some 
scientific research emphasized the strong relationship between high red meat consumption and an 
increased risk of cancers, diabetes, and cardiovascular diseases [1,2]. Despite that, global meat 
production is projected to more than double from 229 million tones (1999/2001) to 465 million tones 
by 2050 [3]. Meat consumption statistics vary among and within countries and depends on many 
factors, such as socio-economics, ethics, cultural, religious beliefs and tradition [4]. 

Sensory evaluation of meat and meat products is not an easy task for consumers. Consumer trust 
often leads to consumer acceptance of products. The relationship between consumer perception of 
quality and meat industry has a direct influence on profitability. Also, it is well documented that 
consumer reactions to food scandals result in economic implications [5]. Thus, scientific knowledge 
and technology innovation play an important role and can help industry to respond to consumer 
expectations [6]. Modern consumers are becoming increasingly interested in health and safety of food 
with good sensory properties [7,8]. 

This study was carried out to elaborate consumers’ perception and acceptance of two sausages. The 
main objectives of this study were to evaluate pork and chicken sausage (budim and chicken sausage, 
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respectively) by consumers in three retail stores in Belgrade, Serbia, and determine the main 
deficiencies of those meat products in order to improve their quality. 

2. Materials and Methods 
Consumer testing was performed in three large retail stores (Delhaize, DIS and Mercator S) in January 
2016, in Belgrade. A total of 1157 consumers were participated in one day during the period from 10 
a.m. to 4 p.m. Consumers were males (45%) and females (45%) older than 18 years of age. 

The questionnaire started with general questions about the consumers, referred to their age, number 
of family members, education levels and shopping habits. Thereafter respondents were asked to 
evaluate budim and chicken sausages produced by Zlatiborac Meat Company, but the origin and 
market name of the products were unknown to the consumers. Budim sausage (in Serbian budimska 
kobasica) consists of pork (57.5%), beef (19.2%) and solid fat (19.2%). Chicken sausage (in Serbian 
pileća čajna kobasica) consists of chicken drumstick meat (69.2%), pork (9.7%) and solid fat (19.5%). 
Consumers were asked the following questions: (1) Rate the taste (The offered answers were: good, 
satisfactory, unsatisfactory); (2) Rate the salt content (The offered answers were: balanced, not salty 
enough, too salty); (3) Rate the smoke flavor (The offered answers were: balanced, not strong enough, 
too strong); (4) Which type of meat has been processed? (The offered answers were: pork, beef, 
poultry and mixture). 

Statistical analysis of experimental data was performed using software Statistica 10.0 (StatSoft 
Inc., Tulsa, OK, USA). Tukey’s HSD test for comparison of consumers answers were used to analyze 
variations of male and female perception of budim and chicken sausages. 

3. Results and discussion 
Results concerning some demographic parameters of consumer are shown in figures 1 and 2. 
Consumers (n=1157) were males (45%) and females (45%) older than 18 years of age. 
 

Figure 1. Age of consumers. 
 

Figure 2. Education level of consumers’ (BS–   
Basic School; HS–High/secondary School; BD–   
Bachelor Degree. 

 
The highest percentages of consumers were between 40 and 49 (34.5%) and between 50 and 65 

years old (34.4%), and more than 60% of them had completed high school. The average test person 
was male, aged 40-49, with a secondary school education, living in a family of four. 

The results of sensory evaluation of budim and chicken sausage by consumers are shown in figures 
3 and 4.  



3

1234567890

59th International Meat Industry Conference MEATCON2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 85 (2017) 012072    doi   :10.1088/1755-1315/85/1/012072

 
 
 
 
 
 

 

 

Figure 3. Sensory evaluation of budim sausage by consumers (%). 

 
Sensory evaluation of budim sausage (figure 3) showed that only 47-50% of consumers evaluated 

the taste as good while 10-13% of them were not satisfied with the taste. More than 70% and 80% of 
consumers evaluated salt content and smoke flavor as well-balanced and balanced, respectively. In the 
case of chicken sausage more than 50 % of consumers evaluated the taste as good; around 75% of 
consumers rated the salt content as well-balanced; more than 80% of consumers rated the smoke 
flavor as balanced (figure 4). Among the possible answer categories, the highest percentage of 
consumers were not satisfied with salt content of both sausages, since 21-24% and 18-22% of 
consumers evaluated salt content of budim and chicken sausage, respectively, as not salty enough. 
Post-hoc Tukey’s HSD test showed that there were no statistically significant differences (at p<0.05 
level) in male and female answers concerning rating the taste, salt content or smoke flavor of budim 
and chicken sausages. 
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Figure 4. Sensory evaluation of chicken sausage by consumers (%). 
 

Consumers were also asked to identify which animal species they thought the meat incorporated in 
the sausages was from (table 1). Only 57% and 38% of consumers recognized that the budim and 
chicken sausages were prepared from pork and mixed (beef and pork) meat, respectively. 
 

Table 1. Consumers’ answers [%] to the question: What kind of meat was used to make this
sausage? Answers in bold and italic are correct answers.  

Type of meat Sausage 

 Budim Chicken 

Beef 6 5 

Mixed (beef and pork) 27 38 

Pork 57 28 

Chicken 10 29 
 

The data obtained from this study could be compared with the data from DLG (German 
Agricultural Society) evaluation in Germany in 2016 [9], where meat company Zlatiborac participated. 
In the DLG Test Center Food, in 2016, 1577 international meat products were evaluated in accordance 
with the DLG-5-points-scheme. It is a descriptive sensory analysis with scales on the basis of 
assessment by experts, which included visual (appearance/exterior), haptic (consistence/texture), 
olfactory (odor) and gustative (taste) criteria of the meat products. The main deficiencies of the 
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international meat products were related to their external appearance, consistency, odor and taste [9]. 
They were denoted as “sinew component too high” (11%), “surface film” (7%), “too soft” (5%), 
“sour” (5%), etc. The main deficiencies of meat products from Serbian origin [10] were “sinew 
component too high”, “smoke too strong”, “sour” and “salty”. However, beside mentioned 
deficiencies, all meat products from Serbia pass the DLG tests and received a “DLG award winner”. 

It is clear that Serbian consumers and DLG experts had different perceptions of Serbian meat 
products in some aspects of sensory evaluation. For example, DLG experts evaluated some products as 
“salty” and “smoke was too strong” [10]. However, although consumers in Belgrade evaluated taste, 
salt content and smoke flavor of budim and chicken sausages with the highest percentage of the best 
offered answer, the main deficiencies of analyzed meat products were evaluated as “not salty enough” 
(18-24%) and smoke flavor was “too weak” (14-16%) (figures 3 and 4). Serbian consumers’ responses 
concerning analyzed meat products could be associated with the fact that salty and highly-smoked 
meat products are traditional in the country. 

4. Conclusion 
Sensory evaluation of budim and chicken sausages produced by Zlatiborac Meat Company showed 
that consumers were satisfied with the taste, salt content and smoke flavor of the products. Their 
responses concerning the analyzed meat products could be associated with traditional meat production 
in Serbia. Post-hoc Tukey’s HSD test showed that there were no statistically significant differences (at 
p<0.05 level) in male and female answers concerning sensory evaluation of budim and chicken 
sausages. The obtained data could be useful cues for industry to enhance some parameters of meat 
product quality in order to place them on the EU market. 
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Abstract. Marination is a popular technique for enhancing meat properties. Depending on the 
marinade type and ingredients added, marination can improve sensory, chemical and 
microbiological quality of meat products. In this study, the total viable count and total volatile 
basic nitrogen (TVB-N) content in marinated chicken breast fillets were investigated. The 
possible correlation between bacterial growth and formation of TVB-N was also tested. 
Chicken breast fillets were immersed in a solution of table salt (as a control) orthree different 
marinades,which consisted of table salt, sodium tripolyphosphate and/or sodium citrate, and 
stored in air for nine days at 4±1°C. Analyses of the total viable count and TVB-N were 
performed on days0, 3, 6 and 9 day of storage. The total viable count gradually increased in all 
examined groups, and statistically significant differences (p<0.01; p<0.05) between treatments 
on days0, 3 and 6 day of storage were established. TVB-N values in marinated chicken were 
significantly higher (p<0.01; p<0.05) compared to the control. Using the multiple linear 
regression, a positive correlation between total viable count and formation of TVB-N in 
chicken marinated with sodium citrate was established (p<0.05), while the intensity of TVB-N 
formation was lowest in chicken marinated with sodium tripolyphosphate. 

1.  Introduction 
Poultry meat has become a mass consumer product throughout the world: in every region, in countries 
with very different levels of development and in diverse forms. Furthermore, as an important source of 
proteins, poultry meat has a high biological value and it has been frequently recommended for its 
nutritious low-fat content [1]. In the last few decades, consumers’ demand for convenience foods has 
resulted in an expansion of the processed meat and poultry industry [2]. 

The food industry constantly seeks new ways to add value to products, and one example is the 
marination of raw meat to add flavour and extend shelf-life [3]. Marination also improves the 
tenderness, juiciness, flavour, colour, and cooking yield of meat and poultry [4]. Depending on 
marinade type, marination might affect chemical and sensory attributes of the meat, as well as the 
microbiological safety of the final meat product. For the marination of poultry meat, alkaline 
marinades are often used. A typical marinade solution for commercial chicken products is made of 
90% water, 6% table salt (sodium chloride), and 4% sodium tripolyphosphate (STPP) [5]. However, 
thequantity of phosphate used in meat products is limited by legislation [6], and more often the 
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phosphates are combined with other additives in order to increase the water binding capacity of the 
meat. Sodium citrate has been utilized as a phosphate replacer to enhance water-holding properties of 
the meat [7]. Although these additives are not considered as antimicrobials, studies of the 
antimicrobial activity of sodium tripolyphosphate and other polyphosphates on food contaminants 
have been conducted suggesting their possible use as antimicrobials [8-10]. According to standard NF-
V01-003 [11], total viable counts in marinated chicken meat should not exceed the maximum 
recommended limit of 5.7 log CFU/g of meat. 

In addition to microbial counts, some chemical parameters could indicate meat freshness. The total 
volatile basic nitrogen (TVB-N) content is a chemical indicator of the meat quality, and it is associated 
with the amino acid decarboxylase activity of microorganisms during storage. The above-mentioned 
standard [11] recommends that TVB-N value in marinated chicken meat should not exceed 60 
mgN/100g of the meat, while Balamatsia et al. [12] suggested a value of 40 mg N/100 g as an upper 
limit for fresh poultry meat. 

This study was conducted to investigate the changes in a total viable count and TVB-N content in 
marinated chicken breast fillets during storage. Therefore, the addition of STPP and sodium citrate to 
chicken breast fillets as a means of enhancing sensory quality, and the effect of various concentrations 
of STPP (1 and 2%) and sodium citrate (1 and 2%), on the behaviour of total viable count and 
formation of TVB-N on days0, 3, 6and 9of storage at 4.0±1°C were investigated. The possible 
correlation between bacterial growth and formation of TVB-N was also tested. 

2.  Materials and Methods 
Deboned and skinless chicken breast meat (m. pectoralis major) was purchased in a local poultry 
abattoir. In the laboratory, meat was aseptically filleted into pieces weighing approximately 0.1 kg and 
divided into four groups. 

For marinade, table salt with 99 to 99.5% sodium chloride (Solana dd Tuzla, Bosnia and 
Herzegovina), a “Carfosel Genius”commercial mixture of sodium tripolyphosphate (Prayon, 
Belgium), tri-sodium citrate dihydrate (C6H5Na3O7×2H2O) (Merck, Germany) and drinking water 
were used. Three different marinades and a solution of 6% table salt as a control (group I) were 
prepared and kept refrigerated 24 hours at 4±1°C before use. The first marinade consisted of water, 6% 
NaCl and 2% phosphate (group II), the second consisted of water, 6% NaCl and 2% citrate (group III) 
and the third one consisted of water, 6% NaCl, 1% phosphate and 1% citrate (group IV). Chicken 
breast fillets were immersed in marinade solutions or in the control solution of table salt in the ratio of 
1:2 (100g of meat/200 mL of marinade or table salt solution). Marination process lasted 4h at 4±1°C, 
with stirring at times. After 4 h of immersing, the fillets were drained, packed in sterile Stomacher 
bags (Stomacher 400 Classic Bags, Vicor, Serbia) and stored 9 days in air at 4±1°C. 

The total viable count was determined according to the standard ISO method [13]. Results of the 
microbial count determinations are presented as log CFU/g of meat. 

Determination of TVB-N content in marinated chicken breast fillets during storage was performed 
according to the method suggested by Goulas and Kontominas [14]. Results of the TVB-N content in 
marinated chicken breast fillets are presented as mg N/100 g of meat. 

All measurements were conducted in triplicate for each sample. All parameters were described by 
means and standard deviation, in format X±SD. Statistical analysis of the results was conducted using 
GraphPad Prism version 6.00 for Windows (GraphPad Software, San Diego, CA, USA, 
www.graphpad.com). One-way ANOVA and post hoc Tukey’s test were performed to assess the 
significance of differences among various groups. Values of p<0.05 and p<0.01 were considered 
significant. Multiple linear regression (MLR) was performed in JMP 10 Software (SAS Institute Inc., 
Cary, NC). 

3.  Results and Discussion 
The total viable count is a microbiological parameter commonly used to determine hygiene status of 
the meat and contributes shelf-life of meat and meat products. The total viable counts in marinated 
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chicken breast fillets during 9 days of storage are presented in Table 1. During the storage period, the 
total viable counts gradually increased in all examined groups of marinated chicken, and significant 
differences (p<0.01; p<0.05) were found between groups on days 0, 3and 6 of storage. At the 
beginning of the study (day 0), the initial total viable count was the lowest in group II marinated 
chicken, and the highest in group III marinated chicken. 

 
Table 1.Mean total viable counts (log CFU/g) in marinated chicken breast fillets during storage 

Marinade group 
Day of storage 

0 3 6 9 
I (control) 4.11±0.44a 5.33±0.51A 7.03±0.24A 8.86±0.51 

II 3.68±0.35A 5.87±0.48B 7.15±0.27Ba 8.70±0.43 
III 4.73±0.31aB 5.66±0.33C 6.44±0.18AB 8.60±0.41 
IV 3.82±0.30AB 6.03±0.67ABC 6.74±0.18a 8.95±0.30 

Within a row, means with common superscript letter are significantly different A-C p˂0.01; 
a p˂0.05 
Group I – water and 6% NaCl 
Group II – water, 6% NaCl and 2% phosphate 
Group II – water, 6% NaCl and 2% citrate 
Group IV – water, 6% NaCl, 1% phosphate and 1% citrate 
 
At the end of the study (day 9), the total viable counts in all tested groups reached values above 8 

log CFU/g, and no significant differences (p>0.05) were found between marinade treatments. These 
results are in agreement with findings from Susiluoto et al. [15] and Samoui et al. [16]. According to 
standardNF-V01-003, the maximum recommended limit for a total viable count in marinated chicken 
is 5.7 log CFU/g [11], which, in our study, was exceeded on day 3(marinade groups II and IV) and day 
6(marinade groups I, II, III, IV). 

For estimating meat freshness or shelf-life, TVB-N as a product of microbial decarboxylase activity 
was investigated. TVB-N values in marinated chicken were significantly higher (p<0.01; p<0.05) 
compared to those in the control, but were below the recommended value of 40 mg N/100 g of meat 
until day 9. The average TVB-N content in marinated chicken breast fillets during the storage period 
of 9 days are presented in Table 2. 

 
Table 2. Average of total volatile basic nitrogen (TVB-N) in marinated chicken fillets during 

storage (mg N/100 g) 

Marinade group 
Day of storage 

0  3 6 9 
I (control) 20.44±1.35AC 20.21±0.21BCD 19.83±2.61B 37.57±0.41Aab 

II 22.82±0.39aC 23.94±0.88AC 30.64±3.45ABC 52.78±6.19a 
III 20.44±1.35aAB 26.11±1.30ABa 23.24±4.81A 57.11±10.22A 
IV 21.75±0.23B 24.64±0.53aD 23.29±1.08C 51.75±9.05b 

Within a row, means with common superscript letter are significantly different A-D p˂0.01; 
a-b p˂0.05 
Group I – water and 6% NaCl 
Group II – water, 6% NaCl and 2% phosphate 
Group II – water, 6% NaCl and 2% citrate 
Group IV – water, 6% NaCl, 1% phosphate and 1% citrate 

 
On day 0 of storage, the lowest TVB-N value was in control group chicken (group I) and the 

highest was in group III marinated chicken. By day 6, TVB-N values in all tested groups were below 
the recommended value of 40 mg N/100 g. On day 9day of storage, TVB-N values in marinated 
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chicken exceeded the recommended value and were statistically significant higher (p<0.01or p<0.05) 
compared to those of the control group where the TVB-N value was below 40 mg N/100 g. Patsias et 
al. [17] found that the initial TVB-N value of 12 mg/100g sharply increased in chilled chicken fillets 
stored in air, resulting in high TVB-N values (49 g/100g) after 9 days of storage. In the present study, 
increases in the total viable count were followed by subsequent increases of TVB-N content in 
marinated chicken breast fillets, but this was not the case in control group chicken fillets. Khalafalla et 
al. [18] stated a clear relationship between the microbiological quality of broiler chicken breasts and 
level of TVB-N formation. The MLR results we obtained showed that the most significant (p<0.05) 
increase in TVB-N occurred in chicken breast fillets treated with sodium citrate (marinade groups III 
and IV) where positive correlations between total viable count and TVB-N was established (p<0.05). 
Although changes in total viable count in marinade group II showed a similar pattern as in other 
experimental groups, MRL analysis showed a negative correlation between these two parameters 
(microbial counts and TVB-N) (Table 3). 
 

Table 3. MLR results of total viable count vs. TVB-N 
Marinade group  Estimate Std Error t Ratio t Ratio Prob>|t| 

I (control)  -0.59 1.16 -0.51  0.6159 
II  -4.88 1.48 -3.31  0.0037* 
III  7.36 1.34 5.50  <0.0001* 
IV  3.04 1.39 2.19  0.0409* 

* significance level of p<0.05 
Group I – water and 6% NaCl 
Group II – water, 6% NaCl and 2% phosphate 
Group II – water, 6% NaCl and 2% citrate 
Group IV – water, 6% NaCl, 1% phosphate and 1% citrate 

 

4.  Conclusion 
Sodium tripolyphosphate and sodium citrate, alone or in combination, did not inhibit microbial growth 
in marinated chicken breast fillets during storage. MLR results indicated that sodium tripolyphosphate 
slows down TVB-N formation. Moreover, it seems that sodium citrate potentiates the growth of 
aerobic bacteria and has a positive effect on TVB-N formation in marinated chicken breast fillets. 
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Abstract. The aim of the study was to evaluate the survival of Listeria monocytogenes during 
the production of Čajna sausage with short maturation time. Sausage batter was inoculated 
with three different serotypes 4b and serotype 1/2а of L. monocytogenes. Control sausages 
were without any starter culture added; the second batch was inoculated with strains of 
Lactobacillus sakei, Staphylococcus carnosus and Staphylococcus xylosus, and the third batch 
was inoculated with strains of Debaryomyces hansenii, Lactobacillus sakei, Pediococcus 
acidilactici, Pediococcus pentosaceus, Staphylococcus carnosus and Staphylococcus xylosus. 
After 18 days of ripening, L. monocytogenes was not detected in any of the sausages, but 
during this fermentation and drying, the numbers of this pathogen was lower in the sausages 
inoculated with starter cultures.  

 

1.  Introduction 
Čajna sausage is a traditional dry, fermented meat product, widely produced and consumed in Serbia 
[1]. Sausages are prepared by mixing ground meat, fat with combinations of spices, flavorings, salt, 
sugar, additives, and frequently, starter cultures [2]. During dry sausage manufacture, the fermentation 
and ripening processes lead to pH and water activity (aw) decreases, which remains the main manner 
of achieving the safety of this type of fermented product [3]. 

Raw meat for sausage production and the final product tend to be consumed without prior cooking, 
which is why fermented sausages are a ready-to-eat product [2,4]. Thus, even if dry, fermented 
sausages are generally recognized as microbiologically safe, when initial contamination of the raw 
materials is high or there is insufficient control, the safety of these products can become compromised 
[5]. In past years, several outbreaks of food-borne illness associated with fermented meats have been 
reported and Listeria monocytogenes have been often detected in finished fermented sausages [6]. 

According to a USDA risk assessment [7] dry, fermented sausages are classified in a group 
designated as moderate risk for L. monocytogenes presence. Due to its ubiquitous nature, L. 
monocytogenes can contaminate meat and meat products during slaughter and processing operations, 
including cutting, slicing and packing [2,8]. Furthermore, this pathogen can persist and grow at low 
pH values, at low water activity, and at refrigeration temperatures [8,9] and pose a serious risk to 
human health.  

Insufficient data is available on the survival of L. monocytogenes in Čajna sausages even though 
the product is widely consumed. Therefore, the aim of present study was to evaluate if L. 
monocytogenes is able to survive during the production of short maturation Čajna sausages produced 
with autochthonous and commercial starter cultures. 
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2.  Materials and methods  
2.1. Inoculum preparation 
L. monocytogenes serotype 4b ATCC 19115, serotype 4b NCTC 11994, and serotype 4b and 1/2а 
were previously isolated from smoked herring and smoked salmon, respectively. All isolates were 
resuscitated twice in Brain Heart Infusion (BHI) broth (Oxoid, UK) and incubated at 37°C for 24 h. 
Then bacterial cultures were mixed in approximately equal proportions to produce the cocktail 
inoculum, and an appropriate volume of the inoculum was added to sausage batter to produce 
approximately 106 CFU of L. monocytogenes per gram of batter. 
 
2.2. Sausage preparation and inoculation of pathogens 
Čajna sausage was prepared from a mixture of lean pork (75%) and pig fat (25%) obtained from 
carcasses of Yorkshire x Landrace crossbreed pigs. Sausage batter was prepared by grinding frozen 
lean meat and fat tissue to 8 mm size and mixing with 2.1% salt containing 0.6% sodium nitrite and 
the spice mixture, Čajna nova (Prima commerce, Serbia) (4 g/kg) in a commercial meat processing 
plant and transported under refrigerated conditions to the faculty workshop. The batter for fermented 
sausage was inoculated with the cocktail of L. monocytogenes strains. After mixing, the batter was 
divided into three batches: the first batch was control (C) without any starter culture added, the second 
batch (EI) was inoculated with strains of Lactobacillus sakei, Staphylococcus carnosus and 
Staphylococcus xylosus (Biostart Sprint, RAPS GMBH, Obertrum, Аustria), and the third (EII) was 
inoculated with strains of Debaryomyces hansenii, Lactobacillus sakei, Pediococcus acidilactici, 
Pediococcus pentosaceus, Staphylococcus carnosus and Staphylococcus xylosus (BACTOFERM™ B-
LC-007, The Craft Butchers Pantry, US). The prepared mixtures were stuffed into 34mm-diameter 
collagen casing, to produce 30 sausages of approximately 450 g each for each group. Čajna sausage is 
a rapidly fermented sausage, and the ripening process (fermentation and drying) for the sausages 
lasted 18 days. First, the sausages were cold smoked for 8h during 3 days at 21-23°C and 80-85% 
relative humidity and, then were dried for 18 days in a climate chamber at 17°C with a relative 
humidity of 75%. 
 
2.3. Microbiological analyses 
Samples were analyzed for L, monocytogenes, lactic acid bacteria (LAB) count and total 
Enterobacteriaceae count on day 0 and on days 3, 7, 14 and 18 of storage. For bacterial enumeration, 
10g of sausage samples were added to 90 ml of Buffered Peptone Water (BPW) (Merck, Germany) 
and homogenized in a Stomacher blender (Stomacher 400 Circulator, Seward, UK) for 2 min. Serial 
decimal dilutions were prepared and 0.1 ml or 1 ml of appropriately diluted suspension was inoculated 
directly on the surface of the appropriate media for enumeration of the different bacteria. L. 
monocytogenes was enumerated on Agar Listeria acc. to Ottaviani and Agosti (ALOA, Oxoid) and 
plates were incubated for 24-48h at 37°C according to ISO 11290-2:1998. LAB were enumerated on 
MRS (Merck, Germany) following incubation at 30°C for 72h according to ISO 15214:1998 and 
Enterobacteriaceae were enumerated on Violet Red Bile Glucose Agar (VRBGA, Merck, Germany) 
after incubation at 37°C for 24h according to ISO 21528-2:2004. After an appropriate period of 
incubation for each type of bacteria, plates were examined visually for typical colony types and 
morphological characteristics associated with each growth medium, number of colonies was counted, 
and results were recorded as colony forming units per g (CFU/g). 
 
2.4. pH and aw values  
The pH was measured using a pH meter, TESTO 205 (Lenzkirch, Germany). Water activity (aw) was 
measured with an aqualab water activity meter series 3 TE (Decagon Devices Inc., USA) according to 
the manufacturer’s instructions. 
 
2.5. Statistical analysis 
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Statistical analysis of the results was conducted using the software GraphPad Prism version 6.00 for 
Windows (GraphPad Software, San Diego, California USA, www.graphpad.com). The results were 
expressed as mean±standard deviation. The effects of different starter cultures during ripening period 
were appraised by one-factor analysis of variance (ANOVA) with Tukey’s multiple comparison test at 
95% confidence level (difference considered significant if P<0.05).  
 
3. Results  
L. monocytogenes counts ranged between 6.30 and 6.35 log CFU/g at the beginning of the study 
without significant differences between sausages (P˃0.05). Slight but non-significant decreases (0.13-
0.17 log CFU/g) were noted within the first three days of fermentation. Then, L. monocytogenes 
counts decreased significantly in all sausage types and were below the detection limit on day 18. From 
day 7 until day 14, the decrease of L. monocytogenes was significantly (P< 0.05) slower in the 
sausages without starter cultures added. No significant differences were found in L. monocytogenes 
numbers among treatments with starter cultures added, except on day 14 when significantly lower 
numbers of this pathogen were measured in the sausages inoculated with strains of Debaryomyces 
hansenii, Lactobacillus sakei, Pediococcus acidilactici, Pediococcus pentosaceus, Staphylococcus 
carnosus and Staphylococcus xylosus. Even so, at the end of the ripening process, L. monocytogenes 
was below the detection limit in all types of sausages, regardless of whether or not they were 
inoculated with the starter cultures.  
 
Table 1. L. monocytogenes counts (log CFU/g) during the fermentation and drying of Čajna sausage. 

 0 3 7 14 18 
C 6.35±0.05 A 6.17±0.04 A 4.90±0.05A 2.78±0.02A nd 
EI 6.33±0.03 A 6.20±0.02 A 4.50±0.06B 2.32±0.02B nd 
EII 6.30±0.02 A 6.16±0.01 A 4.35±0.04B 2.02±0.03C nd 

Within a column, means with a different letter are significantly different: A-C, P<0.05; nd-below 
detection limit 
C – control sausages 
EI – sausages with Biostart Sprint commercial starter 
EII – sausages with BACTOFERM™ B-LC-007 commercial starter 
 
The initial number of LAB was 4.52 log CFU/g in control sausages and 5.09 and 5.37 log CFU/g in 
sausages with starter cultures added (Table 2). As expected, LAB counts increased rapidly in all 
sausages during processing. During the ripening and fermentation process, in control sausages, LAB 
counts increased by 3.42 log CFU/g, while in the sausages with starter cultures added, the measured 
increase was 3.74 and 4 log CFU/g. On day 14, LAB had reached their final population level and 
slightly, but not statistically significant (P˃0.05) decreased on day 18.  
 
Table 2. LAB counts (log CFU/g) during the fermentation and drying of Čajna sausage. 
 0 3 7 14 18 

C 4.52±0.09A 6.06±0.07A 7.23±0.36A 8.13±0.05A 7.94±0.15A 
EI 5.37±0.07B 7.33±0.06B 8.96±0.20B 9.19±0.07B 9.11±0.06B 
EII 5.09±0.07B 6.97±0.09C 8.82±0.05B 9.14±0.07B 9.04±0.06B 

Within a column, means with a different letter are significantly different: A-B, P<0.05 
C – control sausages 
EI – sausages with Biostart Sprint commercial starter 
EII – sausages with BACTOFERM™ B-LC-007 commercial starter 
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Initial Enterobacteriaceae counts ranged between 4.44 and 4.47 log CFU/g (Table 3). The numbers of 
Enterobacteriaceae did not change significantly during the first 3 days of fermentation but decreased 
thereafter in all sausages and were below the detection limit at the end of the ripening process. 
 
Table 3. Enterobacteriaceae counts (log CFU/g) during the fermentation and drying of Čajna sausage. 
 0 3 7 14 18 

C 4.44±0.07A 4.36±0.05A 2.91±0.06A 1.91±0.04A nd 
EI 4.48±0.05A 4.34±0.04A 2.80±0.05A 1.36±0.03B nd 
EII 4.47±0.06A 4.38±0.05A 2.87±0.05A 1.59±0.06C nd 

Within a column, means with a different letter are significantly different: A-C, P<0.05; nd-below 
detection limit 
C – control sausages 
EI – sausages with Biostart Sprint commercial starter 
EII – sausages with BACTOFERM™ B-LC-007 commercial starter 
 
Changes in pH of the sausages during fermentation and drying are presented in Table 4. During this 
period, the pH decreased in all sausages, indicating a normal sausage making process, but decreases 
occurred significantly (P < 0.05) faster in sausages inoculated with the starter cultures than in sausages 
without starter culture added. Decreases in the pH values by 0.77-0.89 coincided with the increases in 
LAB counts. 
 
Table 4. pH during the fermentation and drying of Čajna sausage. 
 0 3 7 14 18 

C 6.05±0.07 A 5.86±0.06 A 5.51±0.06 A 5.34±0.03 A 5.28±0.03 A 
EI 6.03±0.08 A 5.78±0.08 A 5.42±0.04 B 5.20±0.03 B 5.18±0.02 B 
EII 6.05±0.05 A 5.81±0.05 A 5.41±0.03 B 5.19±0.02 B 5.16±0.03 B 

Within a column, means with a different letter are significantly different P<0.05 
C – control sausages 
EI – sausages with Biostart Sprint commercial starter 
EII – sausages with BACTOFERM™ B-LC-007 commercial starter 
 
The addition of 2.1% salt produced an initial aw of about 0.968 in the initial sausage batters (Table 5). 
During fermentation and drying, aw decreased in all sausages to levels of 0.909-0.912, and decreases 
were significant from day 7. Statistical analysis did not show significant differences (P>0.05) between 
the sausages inoculated with starter culture and the control sausages. 
 
Table 5. Water activity (aw) during the fermentation and drying of Čajna sausage. 
 0 3 7 14 18 

C 0.968±0.001A 0.961±0.001A 0.948±0.004A 0.928±0.001A 0.909±0.001A 
EI 0.968±0.001A 0.963±0.001A 0.952±0.001A 0.929±0.001A 0.912±0.001A 
EII 0.968±0.001A 0.962±0.002A 0.952±0.001A 0.929±0.001A 0.912±0.002 A 

Within a column, means with a different letter are significantly different P<0.05 
C – control sausages 
EI – sausages with Biostart Sprint commercial starter 
EII – sausages with BACTOFERM™ B-LC-007 commercial starter 

 
 
 



5

1234567890

59th International Meat Industry Conference MEATCON2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 85 (2017) 012074    doi   :10.1088/1755-1315/85/1/012074

 
 
 
 
 
 

4. Discussion 
Serotypes 1/2a, 1/2b, and 1/2c of L. monocytogenes are frequently isolated from food products and 
serotypes 1/2a, 1/2b, and 4b cause 95% of the human cases of listeriosis [10,11], which is the reason 
these serotypes were used in the present study.  

The final aw and pH values and the concentration of salts, nitrites, and spices should suppress or 
inhibit the growth of pathogenic microorganisms in the fermented sausages, but L. monocytogenes 
could survive these conditions [12]. This is why bacteriocin-producing starters are often added. The 
addition of starter cultures is of particular importance for the microbial stability of quick-ripened 
fermented sausages, which are not greatly dried [13], like Čajna sausage. Lb. sakei presented in both 
commercial starter cultures can produce bacteriocins that showed broad inhibitory activity against 
pathogenic microorganisms including L. monocytogenes [14,15]. The results from the present study 
indicated that Lb. sakei as starter cultures for sausages played an important role in the control of L. 
monocytogenes. Furthermore, Pediococcus acidilactici pediocin-producing strain was added to one of 
the commercial starter cultures, and L. monocytogenes counts in the EII sausages inoculated with this 
starter culture were the lowest. Nonetheless, L. monocytogenes was inhibited, not only in the sausages 
with starter cultures, but also in non-inoculated sausages. This can be attributed to the fact that during 
spontaneous fermentation, LAB rapidly dominated the total microbiota in the present study. 
Autochthonous LAB are recognized as good competitors and exhibit a bioprotective or inhibitory 
effect on fortuitous microbiota as a result of the competition for nutrients and/or of the production of 
bacteriocins or other antagonistic compounds such as organic acids, hydrogen peroxide and enzymes 
[16]. 

Furthermore, Mataragas et al. [3] suggested that inactivation of L. monocytogenes is observed when 
pH and aw values are within the range that does not support growth of the pathogen (pH≤5.0 and 
aw≤0.94). In the present study, final aw values were in within this limit. The pH decreased faster in 
sausages inoculated with the starter cultures than in sausages without starter culture added. This result 
suggests that the starter cultures played an active role in the fermentation process. Even so, on day 18, 
the pH still was above pH 5. pH and aw are important factors for L. monocytogenes inactivation in 
fermented sausages; however, fermentation and drying temperatures have a significant role. It is 
suggested that temperatures at or above 20°C are needed, especially during the first 48 h of 
fermentation, for rapid inactivation of L. monocytogenes [6,17]. The significant reduction of this 
pathogen in the present study could be attributed to the high temperatures used during first three days 
of fermentation.  

In accordance with present results Drosinos et al. [18] reported that L. monocytogenes was rapidly 
inactivated, decreasing by 3-4 log CFU/g during 28 days and by 4-5 log CFU/g in in fermented 
products from Croatia and Bosnia and Herzegovina. Contrary to results from present study, Ducic et 
al. [5] reported only reductions of 0.8 and 0.5 log CFU/g L. monocytogenes in fermented sausages 
without starters, even though the pathogen was inoculated at similar levels to those we used. 
Differences in the results could be explained by characteristics of isolates used and the production 
process.  

A low Enterobacteriaceae count is crucial to obtaining high-quality hygienic sausages [19]. In the 
present study, the initial number of this bacterial group was relatively high. This could be attributed to 
the poor hygienic status of incoming raw materials or the processing environment in the meat 
processing plant where stuffing for sausages was prepared [5]. Nonetheless, the number of 
Enterobacteriaceae decreased during storage and was below 2 log CFU/g in all sausages at the end of 
the rapid fermentation. These results indicate the inhibitory effect of the inoculated probiotic cultures 
but also the acidification which was observed in control sausages as result of the activity of 
autochthonous LAB against Enterobacteriaceae. 
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Abstract. Pollution and contamination of the Bay of Kotor ecosystem arise from both 
anthropogenic sources and natural weathering. In recent decades, a need has arisen for regular 
control of marine organisms, which are used in human nutrition, because the entire bay is 
constantly and increasingly exposed to negative anthropogenic impact. Molluscs, including 
mussels (Mytilus galloprovincialis), can be involved in foodborne disease. They are filter feeding 
organisms, able to retain and concentrate in their bodies the bacteria, parasites, viruses and 
biotoxins of marine algae present in their external environment. A structured field study was 
undertaken in the Bay of Kotor, Montenegro, in order to investigate plausible influence of 
environmental factors, like rainfall and temperature, on the variability of Escherichia coli and 
norovirus (NoV). This study focuses on human-derived pathogens that are abundant in sewage-
related sources. We proved the negative correlation between outside temperature and the number 
of E.coli and the presents of Norovirus in Bay of Kotor mussel. We used this data from the 
sampling site to discuss options to better manage the risk of contamination of shellfish. From the 
aspect of food safety, an upgrade of monitoring plans in the future could lead to obtaining safer 
products. 

 

1. Introduction  
With the increase in the consumption of seafood in recent years, marine mussels (Mytilus 
galloprovincialis) have become commercially more important seafood species worldwide. Also they are 
available throughout the year, and are reasonably tolerant to environmental change and pollution [1]. In 
recent decades, growing urbanization and industrialization led to extensive settlement of the 
Montenegrin coast, and caused pollution of the environment of the Bay of Kotor, especially the sea 
water and organisms that live in it. Wastes from various industries, shipyards, hotels and hospitals near 
the bay discharge into the sea and are a constant source of pollution of the aquatic environment.  

http://creativecommons.org/licenses/by/3.0
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Although seawater temperature is a good predictor of the temporal degree of contamination, 
especially of noroviruses, within a site it clearly cannot, on its own, predict the overall degree of 
contamination occurring. For this, the role of other variables was investigated. 

Pollutant material, which can be rich in protozoa, viruses or bacteria, will originate from a variety of 
point sources such as sewage discharges and rainfall. Near the Bay of Kotor lies Crkvice, the area with 
the highest average precipitation in Europe. This water brings a large amount of suspended particles into 
the bay that affect the ecological conditions in seawater. The amount of pollutants that come into the 
sea due to large amounts of precipitation is not inappreciable [2].  

Current legislation specifies that an evaluation of the sources and types of faecal contamination 
impacting shellfish production areas combined with monitoring of faecal indicator organisms 
(Escherichia coli) in shellfish flesh is undertaken to provide an indication of the risk of contamination 
with bacterial and viral pathogens [3]. Food safety agencies are trying to mitigate the risk of pathogens 
in aquatic environments, but still there is no comprehensive indicator system for their monitoring [4].  

This study was undertaken to investigate the significance of some of environmental factors on the 
microbiological contamination of shellfish, as determined by E. coli concentration in the shellfish and 
the presence of norovirus. The potential for rapid diagnosis, high throughput, as well as sensitivity and 
quantitative nature of the real-time PCR test all make it highly suitable to replace virus isolation for both 
surveillance and diagnostic and research purposes [5]. The object was to identify whether such factors 
need to be taken into account when assessing the potential effects of proposed sewage discharges on 
commercial shellfish.  

 
2. Materials and Methods 
We used an existing database of positive samples of NoV (genogroups I and II) and E.coli (reported as 
most probable number/100 g) quantified in mussels (Mytilus galloprovincialis) from 6 sampling points 
within 6 production areas around the coast of  the Bay of Kotor was used in this study. The research was 
done in a one-year period, from July 2015 to July 2016, on a monthly basis. The NoV and E. coli dataset 
analysed has been previously reported by Ilić et al. [6].  

Levels of E. coli and NoV were quantified using appropriate ISO methods for most probable number 
[7] and quantitative Real-Time reverse transcription (RT)-PCR [8], respectively.  

Information on potential risk factors includes rainfall, outside temperature and average daily quantity 
of waste water assumed to influence NoV and E.coli contamination. The outside temperature was 
measured at the moment of mussel sampling, and precipitation was measured seven days earlier. Sewage 
discharges impacting shellfish beds was from the database of consented water company and private 
sewage discharges to controlled waters. The dataset (rainfall and temperature) was produced by 
Environment Agency. 

We investigated the relationships between microbiological parameters (NoV and E. coli) in mussels 
and the risk factors using Spearman’s correlation. This coefficient is a statistical measure of the strength 
of the relationship between pairs of data and is denoted by r. 
 
3. Results and Discussion 
The results of environmental monitoring showed that the Bay of Kotor experienced variable, seasonal 
rainfall in harvesting areas that were investigated. The rainfall fluctuated between 64.1 mm in August 
and 122 mm in September (average=93.05 mm) (Fig. 1). The outside temperature, during all monitored 
seasons, varied between -0.4±1.0°C in January and 20.0±1.0°C in August (Fig. 2). All production areas 
were commercially harvested and classified under Regulation (EC) No 854/2004. 

Analysis of correlation between rainfall in Bay of Kotor and the prevalence of norovirus in marine 
mussels, harvested in the same location, showed that there was a poor positive correlation (r=0.47) which 
was not statistically significant (p>0.05). Also, analysis of correlation between rainfall and the number 
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of E. coli in mussels showed there was a mean positive correlation (r=0.57), which was not statistically 
significant (p>0.05) (Fig. 3). 

The results of our research do not agree with the results of Campos et.al. [9], who proved that the 
predictive environmental factor for E. coli contamination in mussels in England and Wales was rainfall. 
In the current study in the Bay of Kotor, rainfall was not found to be associated with NoV contamination 
in the oysters. At some sites, E. coli levels have been found to reduce during high levels of rainfall 
possibly due to either a suspension of shellfish filtration activity at low salinities or to the dilution of 
impacting sewage plumes [10], and it is possible that a similar process also influenced the levels of NoV 
in shellfish. 

There was a poor negative correlation between seasonal occurrence of NoV and outside temperature 
(r=-0.35), which was not statistically significant (p>0.05). Statistically significant (p<0.01) and medium 
negative correlation (r=-0.77) was obtained between outside temperature and the number of E. coli in 
the mussels (Fig. 4). 
 
 

Figure 1. Seasonal variation of rainfall Figure 2. Seasonal variation of temperature 
 

 
 

 
Figure 3. Correlation between the number of 
E.coli (MPN/ 100g shellfish) in Bay of Kotor 

mussels and rainfall during four seasons. 
(n=12, Spearman |r|=0.57, p>0.05) 

 

 
Figure 4. Correlation between the number of 
E.coli (MPN/100g shellfish) in Bay of Kotor 
mussels and outside temperature during four 

seasons. 
(n=12, Spearman |r|=-0.77, p<0.01) 
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Overall, the predictive environmental factor for E.coli contamination in the mussels was outside 
temperature, while the predictive factor for total NoV (GI+GII) in the mussels was water temperature 
[11].  

During summer months in the Bay of Kotor, the average daily quantity of sewage discharged was 
2600 m3/day (wastewater from households and from industry), which is much more than average daily 
quantity of sewage discharged in winter, when it was 2000 m3/day.  
 
4. Conclusions  
From the results shown above, we concluded that, in the harvesting areas, the sources and abundance 
of human faecal pollution from sewage discharges were the main factor influencing the risk of 
contamination in mussels. However, it is also apparent that additional site-specific factors can further 
influence the extent of impact of this contamination on the shellfish.  

We also observed that, in the catchments studied, the environmental factors driving the abundance 
of E. coli in shellfish do not operate in a similar way to those driving the abundance of NoV. The 
strength and significance of the risk factors varies between NoV and the statutory indicator of faecal 
pollution (E. coli).  

Therefore, a distinct set of measures is required to manage the risk of NoV contamination of 
mussels. For all pathogens that can potentially be found in seawater, sewer overflows that catch 
sewerage water, produce the biggest risk of contamination, as they discharge crude, untreated sewage 
into the environment. 

The results obtained in this study should contribute to the introduction of shellfish monitoring 
programmes, which would be improved with acquisition of all environmental parameters data, including 
demographic, hydrometric, climatic and pollution source characteristics and Real-Time qRT-PCR tests 
on cultured areas. Control measures for pathogens in mussels should focus on reducing volumes of 
sewage contamination in production areas.  
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Abstract. This study aimed to investigate possibility E. coli O157 from cattle hides to 
produced biofilms. We had 28 suspect primoisolates and 17 were confirmed to be E. coli 
O157. Biofilm production test showed that more than 50% of this isolates did not produce 
biofilm. From the other half of the isolates, 5 of them were weakly adherent, 3 were 
moderately adherent. Since E. coli O157 are one of the main foodborne hazards in meat 
processing industry and the discovery that some of them can produce moderately adherent 
biofilms, request necessity of strict implementation of HACCP procedures to prevent further 
expansion this pathogen. 

1.  Introduction 
Escherichia coli is a Gram-negative rod-shaped enteric bacterium, and their species are commonly 
classified by their virulence properties, mechanisms of pathogenicity, clinical syndromes, and O and H 
serotypes [1]. Following this, E. coli O157:H7 is classified by its serotype, O157:H7, because it 
expresses the 157th somatic (O) antigen and the 7th flagellar (H) antigen[2]. E. coli O157:H7 produces 
Shiga toxins 1 and 2 (Stx1 and Stx 2) as important virulence factors. This bacterium is significant for 
public health, it causes disorders that are characterized as with hemorrhagic colitis, bloody diarrhea 
and hemolytic uremic syndrome (HUS) with renal tubular damage [3]. This pathogen has a very low 
infective dose and it is sufficient low than 50 organisms to cause disease [4]. The most common mode 
of transmission E. coli O157:H7 infection is through food and water, but it is also possible to transfer 
from person to person [5], but the most important source of this pathogen is the cattle since E. coli 
O157:H7 naturally colonizes the intestinal tract of about 1% of healthy cattle [6]. Beef carcasses can 
become contaminated by fecal during slaughtering and processing [7]. 

E. coli is one of many bacteria that can switch between planktonic form and biofilm form. Several 
reasons can explain the need for bacteria to create biofilm, in this way bacteria can avoid being 
washed away by water flow or, cells in biofilms are about 1000 times more resistant than their 
planktonic [8]. E. coli O157:H7 has shown the ability to attach, colonize, and form biofilms on a 
variety of surfaces [9]. Biofilms that are attached to food contact surfaces, such as stainless steel, 
polyvinyl chloride, and polyurethane. To create a biofilm, the bacteria must be close enough to the 
surface. At about 10–20 nm distance from the surface, the negative charges on the bacterial surface are 
repelled by negative charges on most environmental surfaces. This reflection transcends van der Waals 
forces, and thanks to the fimbriae and flagella provide mechanical attachment to the surface [10]. 
Biofilm formation can be described in three stages: attachment, maturation and dispersion. The 
attachment step is categorize as a two-stage process: initial reversible attachment and irreversible 
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attachment. The irreversible attached biofilm can tolerate stronger physical or chemical forces [11]. 
During the maturation process, more biofilm scaffolds, such as proteins, DNA, polysaccharides, etc. 
are secreted into the biofilm by the entrapped bacteria. After maturation, the dispersion step is 
followed, which is also very important for the biofilm life cycle. Biofilms disperse because of myriads 
of factors, such as lack of nutrients, intense competition, outgrown population and dispersal could 
occur in the whole or just a part of it. Biofilm consists of the structure of the Extracellular Polymeric 
Substance (EPS). Matrix of biofilms is composed of one or more of extracellular polysaccharides, 
DNA and proteins. This exopolysaccharides are synthesized extracellularly or intracellularly and 
secreted into the outside, they serve as scaffolds for other carbohydrates, proteins, nucleic acids and 
lipids to adhere. Some of the most carbohydrates are mannose, galactose and glucose, followed by N-
acetyl-glucosamine, galacturonic acid, arabinose, rhamnose and xylose and most of them are not 
biofilm specific, but their production can increase as a result of a stress response, as colonic acid 
production in Escherichia coli [12]. 

Since E. coli O157:H7 is significant for public health and the most important source of the 
pathogen are beef carcasses, the goal of this study was to detect the prevalence E. coli O157 of these 
samples to create biofilms. 

2.  Material and Methods 
DNA Extraction and rfbE gene amplification 
The 1.5 ml microcentrifuge tubes containing 1 mL of cell suspension (3,1 × 109 CFU/mL) were 
centrifuged for 10 min at 10.000× g. Supernatant was then discarded and DNA extracted from cell 
pellet using the DNeasy Blood and Tissue kit (Qiagen, Germany) following manufacturer's 
instructions for Gram-negative bacteria. 

DNA concentration was measured using a Biophotometer spectrophotometer (Eppendorf, 
Germany) and its integrity checked by visualization on 1.2% agarose gels. Then, samples were stored 
at −20°C before analyses. 

A qPCR assay targeting the E. coli O157:H7 rfbE gene was performed using rfbE forward (5’-TTT 
CAC ACT TAT TGG ATG GTCTCAA-3’) and rfbE reverse primer (5’-CGA TGA GTT TAT CTG 
CAA GGT GAT -3’). The 20 µL volume reaction mixture contained 2×Brilliance SYBR Green qPCR 
buffer (Agilent, USA), 500 nm of each PCR primer, and 2 µL of DNA template. After a 3 min 
denaturation at 95°C, the qPCR mixtures were subjected to 40 cycles of amplification at 95°Cfor 10 
sec, 60°C for 20 sec, using a qPCR thermal cycler (MX3005P, Agilent, USA). 
 
Biofilm characterization 
Biofilm formation on microtiter plate was performed following the methodology of Christensen’s et 
al., (1985), by inoculating the microtiter wells with bacterial strains [13]. The strains were grown 
aerobically in blood-heart-infusion (BHI) broth at 37°C for 24 hours. After incubation, the OD of the 
cultures was adjusted to 0.5 at 600nm. In 96 well-microtiter plates, 200µL of cell suspension diluted to 
1:100 was added. BHI broth, E. coli O157 biofilm-positive and biofilm-negative strains were used as 
controls. The plates were incubated at 37°Cfor 24 hours. After incubation, the growth medium was 
discarded and microtiter plate wells were washed twice with 200 μL of 0.85 % NaCl. The plates were 
vigorously shaken in order to remove all non-adherent bacteria. The remaining attached bacteria were 
fixed by subsequent drying in incubator at60°C for 60 minutes. 

The bound cells were stained with 200 μL of 0.1 % (v/v) crystal violet (CV) solution for 15 
minutes at room temperature. Excess dye was removed by washing each well (3×) with 200 μL of 0.85 
% NaCl. The quantification of attached cells was performed by adding 200 μL of 33% (v/v) glacial 
acetic acid as a CV solvent. O.D at 595 nm of dissolved CV was measured in a microtiter plate reader. 
Biofilm assays were performed in triplicate. 

All strains were classified into the following categories: non-adherent, weakly, moderately, or 
strongly adherent, based upon the ODs of bacterial biofilms. We defined the cut-off OD for the 
microtiter-plate test as three standard deviations above the mean OD of the negative control. 
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3.  Results and Discussion 
 

Out of 28 tested suspect primoisolates (using mTSB broth with novobiocin and cefixime-tellurite 
sorbitol MacConkey agar), 17 were confirmed to be E. coli O157 (60.7%) Figure 1. 

 
These samples were subsequently tested on capability for biofilm production. 
 

Figure 1. Dissociation curves of O157 positive strains 
 
 

 
 
Biofilm production test indicated that more than 50% of the isolates did not produce biofilm 

(Figure 2). However, within the other half of the isolates, 5 of them were weakly adherent, 3 were 
moderately adherent, while none of the isolates exhibited particularly high capability for biofilm 
production. In his research [14], Dourou confirmed the ability of E. coli O157 to form biofilms, and 
showed that the formation of biofilms can depend on a number of factors such as temperature or 
surface. Narisawa [15] came to research results that 2,1% and 0,5% E. coli form biofilms, which is 
approximately equal to the prevalence that we found in our study. Al-Shabib [16] found that of the 10 
tested strains, four strains formed strong biofilm while other formed moderate to week biofilm which 
is much higher prevalence than ours. In contrast, Biscola [17] has published the results in which 5 of 
18 E. coli O157 formed biofilms, which is very similar to our results. 
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Figure 2. Biofilm characterization produced by Escherichia coli O157 

 

 
 
4.  Conclusion 
E. coli O157 which produce moderately adherent biofilms on cattle hides are one of the main 
foodborne hazards in meat processing industry. For sure, these findings require necessity of strict 
implementation of HACCP procedures during exenteration and dehiding of cattle in order to decrease 
the number of it and prevent further dissemination of this pathogen. 
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Abstract. This study aimed to investigate antimicrobial resistance of Salmonella Infantis isolates 
from poultry carcasses in Serbia. A total of 48 Salmonella isolates were examined for antimicrobial 
resistance. A panel of 10 antibiotics was selected for testing. Isolates showed resistance to 
sulfamethoxazole, ceftazidime and cefotaxime (100%). However, the highest number of Salmonella 
Infantis isolates were sensitive to chloramphenicol. The usage of antibiotics in food producing 
animals could result in antimicrobial resistance pathogenic bacteria especially Salmonella spp. in 
poultry, which may be transmitted to humans through the food chain and increase risk of treatment 
failures.  

 

1. Introduction 
Poultry meat is essential for a complete diet, since it contains high amounts of highly digestible proteins, 
unsaturated lipids (mainly found in the skin and easily removed), B-group vitamins (mainly thiamin, 
vitamin B6, and pantothenic acid), and minerals (like iron, zinc, and copper) which makes it highly 
acceptable for consumption by consumers of all ages [1, 2]. However, poultry meat is involved in the 
transmission of several food-borne pathogens, which are distributed across the whole production chain, 
from chicken birth to the final product [3]. Salmonella food poisoning is one of the most common and 
widely distributed diseases in the world [4], whereby outbreaks are usually connected with consumption of 
contaminated poultry meat. Perhaps more concerning is the fact that multidrug resistance (MDR), is being 
increasingly detected among numerous Salmonella serotypes recovered from animals and humans 
worldwide [5, 6]. The recovery of antimicrobial-resistant Salmonella in foods of animal origin has raised 
concerns that loss of antibiotic efficiency may compromise the treatment of human salmonellosis, because 
antimicrobial-resistant strains appear to be more often associated with severe disease [7, 8]. It has been 
reported that Salmonella exhibiting lower susceptibility to several antibiotics such as fluoroquinolones 
(e.g., ciprofloxacin) and extended-spectrum cephalosporins (e.g., ceftiofur and ceftriaxone), which are 
important in treatment of human salmonellosis, in both adults and children, respectively [9, 10, 11]. Some 
authors have confirmed the presence of a Salmonella enterica subspecies enterica serovar Infantis (6, 7, r, 
1, 5) in all 17 samples, and also same serovars isolated in the case of diseased humans [12]. Therefore, the 
aim of this study was to investigate the antimicrobial resistance of Salmonella Infantis isolated from broiler 
carcasses in Serbia.  

 

2. Materials and Methods 

The study included a total of 48 Salmonella Infantis isolates, where 39 were originating from the broiler 
meat and 9 isolates were isolated from the skin of the broiler neck. The isolates were revitalized in 10 mL 
of BHI broth (Lab, UK), and incubated for 24h at 37°C. After incubation period, Salmonella suspensions 
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were transferred by sterile swabs on Mueller-Hinton agar, followed by antibiotic discs application 
(automatic applicator, Oxoid, UK), and incubated for 24 hours at 37°C. After 24 hours of incubation the 
growth inhibition zones were measured, and the results were interpreted according to Clinical and 
Laboratory Standards Institute (CLSI) 2006[] recommendations as sensitive, intermediate sensitive and 
resistant. The following antibiotic discs (Oxoid, UK) were used: ampicillin 10 mg, cefotaxime/clavulanic 
acid (cephalosporin) 30 mg, ceftazidime 10 mg + 30 mg, chloramphenicol 30 mg, ciprofloxacin (quinolone) 
5 mg, gentamicin (aminoglycoside antibiotic) 30 mg, tetracycline 30 mg, nalidixic acid (quinolone) 30 mg, 
trimethoprim/sulfamethoxazole (inhibitors of folic acid) 30 μg. 

3. Results and Discussion 

From a total of 48 Salmonella Infantis isolates from poultry carcasses, all were resistant to 
sulfamethoxazole, ceftazidime and cefotaxime. However, the highest number of Salmonella spp. isolates 
were sensitive to chloramphenicol. Antimicrobial resistance (intermediate sensitive and sensitive) of 
Salmonella Infantis isolated from broiler carcasses is shown in Figure 1. 

 

The usage of antibiotics in food producing animals could result in antimicrobial resistance pathogenic 
bacteria especially Salmonella spp. in poultry, which may be transmitted to humans through the food chain 
and increase risk of treatment failures. Due to the massive use of S. Enteritidis and S. Typhimurium vaccine 
as part of Salmonella the eradication programs, probably lead to the high prevalence of S. Infantis in the 
poultry [13]. The presence of S. Infantis in broiler meat in the recent years is constantly increasing [12]. 
Salmonella spp. isolated from poultry carcasses showed resistance to ampicillin and nalidixic acid (95.5%), 
tetracycline (91%) and cefotaxime (68.25%) [12]. However, our results show resistance to the same 
antibiotics, with the highest resistance to cefotaxime (100%) and the lowest resistance to ampicillin (47%). 
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Some authors compared the results of Salmonella antimicrobial resistance in 2007 to 2013-2014, where 
they found that resistance was significant different [13]. In 2007, resistance was most frequently to 
amoxicillin and sulfametoxazol [13], which coincides with our results, where resistance to 
sulfamethoxazole was 100%. During 2013 and 2014, we detected significant resistance of S. Infantis to 
nalidixic acid and tetracycline [13], also in accordance with our results (tetracycline 78%, nalidixic acid 
82%). This indicates that Salmonella have a tendency to behave clonally as has been confirmed by genotype 
and resistotype [14]. 
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Abstract. Allergens in food are a great health risk, because of the ratio of severity of problems 
compared to small amounts of ingested allergen. Since 2014, Serbian producers and importers 
of food have been obliged to declare allergens from the list of Codex Alimentarius on the 
product packaging. Surveillance of different meat, diary, and cereal product took place in 2016, 
with aim of checking if the Serbian regulatory requirements for labelling of allergens in food 
are being fulfilled. Out of 68 different meat products, 20 were not labelled for allergens. 
Thirty-six labels of various dairy products were examined revealing that allergen information 
was included on 27 of them. Only one of eight examined cereal products did not have allergen 
labelling. 

1. Introduction
Allergens in foodstuffs are a major risk for the sensitive part of the population. The incidence of food 
allergy is increasing, according to recent combined studies, in children and in adults [1]. An increase 
in the incidence of food-related allergies can be associated with an increase in the number of data from 
different studies, as well as an increase in consumers’ awareness of health problems themselves. 
Nevertheless, probable or clinically confirmed findings led to a severe allergy rate of 3.08% among 
children in the United States [2]. The prevalence of allergies caused by foods in the European 
population was calculated for milk, eggs, wheat, soybean, peanut, nuts and shellfish, in turn; 0.2% 
(0.2-0.3), 0.2% (0.2-0.3), 0.1% (0.01-0.2), 0.3% (0.1-0.4), 0.2% (0.2-0.3), 0.5% (0.08-0.8), 0.1% 
(0.02-0.2), and 0.1% (0.06-0.3) [3]. This study [3] covers the most common food allergens that are 
defined by the list contained in the Codex Alimentarius, and they are also contained in Serbian 
regulatory requirements [4]. Avoiding the use of allergens in the diet is the most effective way of 
preventing food-related allergic reactions. One problem occurs when foods have basic compositions 
that do not contain allergens, but these can still occur in traces, due to cross-contamination. To avoid 
the exposure of the vulnerable part of the population to allergens, manufacturers are required to 
properly declare allergens listed in the Serbian regulatory requirements [4]. Applicable European 
Union (EU) regulation [5] prescribes the declaration of allergens to ensure the safety of the food chain 
from packaging, export, distribution, wholesale, retail and catering production, as well as inspectors’ 
responsibilities for the application of these regulations. The EU lists 14 allergens that, in addition to 
precautionary measures from an existing Good Manufacturing Practice, are required to be included on 
the product declaration [5]. Previous regulations relate to originally packaged food, while catering, 
public kitchens, restaurants, and the like can rely on voluntary information (oral or written) on 
allergens in the meal. 

Cereals containing gluten are to be listed on the declaration, with a bold font. Gluten-free labelling 
is voluntary, but if groceries are voluntarily labelled as gluten-free, the foodstuffs must meet the 
requirements of the regulations [6,7]. The labelling of crustaceans or shellfish as an allergenic group is 
mandatory, regardless of the species name: e.g. shrimps (crabs); oysters (shellfish). Similarly, fish 
products/ingredients are labelled as fish, regardless of the type: e.g. trout (fish). Eggs, regardless of the 
type of bird from which they originate, are listed on the declaration as an allergen. Soya is listed as 
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either soybean, soybean meal or soy/soya, and it is included in parentheses if the product is mentioned: 
e.g. Tofu (soya). Declaring peanuts as nuts should be avoided, but the name peanuts should be 
specified. In Serbia, dairy products are a special case. According to article 23 [4], ingredients do not 
need to be listed on butter, cheese, plain unadulterated yoghurt etc., since apart from bacterial cultures 
and enzymes, they largely consist of milk. For other foods, when there is no specific note that milk 
components are allergenic ingredients in a food, e.g. lactose, whey and casein, milk must be listed in 
brackets in the ingredient list e.g. casein (milk). Allergenic nuts from the list are almond, nut, cashew 
nut, pecan, hazelnut, pistachio nuts, macadamia, Queensland walnuts and their products, and these 
must be listed by species in the ingredient list. Chestnut and coconut contain the word nuts, but are not 
listed as allergens by Codex Alimentarius. Sesame and mustard must be listed in the ingredient list 
both as raw materials and as a product, e.g. Tahini (sesame). Sulphites in an amount greater than 10 
mg/kg (mg/L) are listed as an allergen, but are also included as an ingredient e.g. Sulphur dioxide. 

Amendment of older Serbian regulations [7] concerning labelling and declarations of foodstuffs 
resulted in new Serbian regulatory requirements [4]. The new requirements [4] have common elements 
mandatory for the declaration of packaged foods: the name under which the food is sold, a list of 
ingredients, the net quantity, expiry date/use by date or best before date, storage conditions, batch or 
lot marking, name and head office of the manufacturer (food business operator), which produces/packs 
the food, instruction for use of the food, the category of food quality, if prescribed, and the content of 
alcohol in drinks with greater than 1.2% v/v alcohol. In addition to these common requirements, there 
is now a clearly defined requirement [4] that on the food declaration, ingredients that could cause 
allergies and/or intolerances are listed.  

The aim of this market research was to determine if the Serbian regulatory requirements with 
respect to allergen labelling of retail foods was being fulfilled. 

 
2. Materials and methods 
Allergen declarations were examined using photographs of samples from ″infolab″ database of sample 
analysis of Institute of Meat Hygiene and Technology. Samples were divided into 3 groups: meat and 
meat products; dairy products and cereal based products. Each group of samples was classified 
according to method of giving allergen information on the packaging. Percentage of each labelling 
style was determined regarding total number of samples in the group. 

3. Results and discussion 
Allergen declarations for those allergens listed in Serbian regulatory requirements [4] were studied. 
Labels from 112 meat, milk and cereal products from different manufacturers were examined and the 
ingredient lists and allergen declarations were studied. 
 
3.1 Meat and meat products 
Among retail meat products, 14 kulen (a type of spicy, dry-cured raw meat sausage) declarations, 15 
hot-dog declarations, 22 canned meat declarations and 17 declarations for ready-to-eat groceries 
produced by various domestic and foreign manufacturers were examined (table 1). Two producers of 
kulen included allergen information (a note) about the possible presence of soy and gluten, neither soy 
nor gluten were listed in the ingredient list. One kulen producer included the allergen information 
“without gluten and allergens”, while other manufacturers did not indicate the possibility of the 
presence of allergens either in the ingredient list or in a special note. 
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Table 1. Number and percentage of different meat products with various forms of allergen labelling. 

Method of giving allergen 
information on the packaging 

Kulen Hot-dog Canned meat Ready-to-eat 
meal 

Allergen information listed in a 
separate note 

2 (14%) 7 (47%) 6 (27%) 1 (6%) 

Emphasized font in Ingredient list / 4 (27%) 16 (73%) 7 (41%) 

Other method of labelling allergens 1 (7%) 3 (20%) 5 (23%) 4 (23%) 

No labelling of allergens 13 (93%) 2 (13%) 3 (14%) 5 (29%) 

 

Seven out of fifteen local hot-dog manufacturers listed a special note giving allergen information 
on the presence of soybean allergens (7), gluten (2), milk (1), while the only EU producer mentioned 
lactose, celery, mustard, soybean, wheat and peanuts in their allergenic information note. Three 
manufacturers who included a note for allergen information and, in a bold font, also listed the 
allergens in the ingredient list. Four producers who did not have an allergen info note indicated 
allergens using bold font in the ingredient list (soy protein and wheat protein). The two manufacturers 
did not list allergenic substances either in the ingredient list or in a special note. The sixteen producers 
of pressed hams emphasized allergens in the ingredient list using a bold font, as the only way of 
labelling allergens . Six declarations, in addition to allergens being in the listed ingredients, also had 
specific allergen information notes on the presence of soybeans (5) and milk (1). Five manufacturers 
did not declare allergens as ingredients, but had allergenic information about the possible presence of 
milk proteins. Three manufacturers did not have any of the regulated allergens either as ingredients or 
traces. Ready-to-eat meat dishes can contain vegetables, spices and additives. The seven producers 
labelled the allergenic substances with a bold font in the ingredient lists. Only one producer included a 
separate note for allergens. Four manufacturers used bold font to highlight allergens in the ingredient 
list, and had special allergen information in a separate note. The remaining five manufacturers did not 
list allergens on the product packaging at all. 

3.2 Dairy products 
Eight cheese declarations from various manufacturers were examined, as well as seven declarations 
from yogurt and 21 from ice-cream (table 2). Three cheese producers included milk in the ingredient 
list using a bold font. One manufacturer also stated in a special note that the product contained milk. 
The remaining five producers did not mention milk on the ingredient label or in a separate note (which 
is in accordance with Serbian regulation for these types of products). 
 

Table 2. Number and percentage of dairy products with various forms of allergen labelling. 

Product Cheese Yoghurt Ice-cream 
Allergen information 

listed in a separate note 
1 (12%) 3 (43%) 4 (19%) 

Emphasized font in 
Ingredient list 

3 (37%) 6 (75%) 16 (76%) 

Other method of 
labelling allergens 

/ / / 

No labelling of allergens 5 (62%) 3 (43%) 1(5%) 
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Sixteen ice-cream declarations, from different producers, declared allergens by using a bold font in 
the ingredient list; milk (11), soybean (5), gluten (3), hazelnut, egg (2), peanuts, sesame (1). Gluten 
was printed in bold font as biscuit, gluten or starch. Four ice-cream declarations did not have 
information on allergens printed with an accented font, while they did have a special note indicating 
the product could contain soybeans (3), peanuts (3), and nuts (2). One ice-cream did not include any 
allergen information on the declaration. 

3.3 Cereal products 
Eight samples of frozen dough were examined from different manufacturers. Four frozen doughs had 
ingredient lists with allergenic ingredients emphasised by text font, while two products had a special 
note citing possible allergens. Three frozen doughs also had an allergen information note, but the 
allergens were not emphasized by the font used in the ingredient lists. Only one frozen dough did not 
have either allergen marked with a special font in the ingredient list, nor a special note about the 
allergen content of the product. 

The Serbian regulatory requirement states that allergens must be listed in the ingredients when it 
cannot be undoubtedly concluded that the raw material(s) used are not allergen(s) [4]. However, it is 
not necessary to specify allergenic components when the product is made exclusively of one main 
ingredient, e.g. unadulterated plain yoghurt, which contains milk and bacterial cultures. Therefore, a 
high percentage of Serbian retail yoghurts and cheeses did not have allergenic milk declared on their 
labels, since this is not mandatory according to local law. Elsewhere, five percent of chocolate 
sampled had declared allergens in a special note [8]. Studies on the declaration of food allergens in 
Europe give special attention to allergy-preventive labelling. Most surveillance studies include 
labelling and testing for the presence of allergens in preventively-labelled products. When a study of 
allergy-preventive milk labelling [9] was carried out, milk in amounts greater than 1 mg/serving were 
detected in products with two different types of preventive declarations: in 60% of the products listing 
milk as a minor ingredient, and in all the tested foods listing milk fat as a minor ingredient. A study 
involving the declaration of peanuts as an allergen [10] detected a lower quantity of peanuts in 
products where it was listed as a possible ingredient (7.3%) than when peanuts was a component to a 
lesser degree (33%). In a study that included absence of milk, egg and peanut allergen labelling for 
groceries from large commercial chains, 2.6% of studied groceries had egg allergen that was not 
declared, while 3% of the groceries contained undeclared milk allergen but none of the examined 
groceries had undeclared peanut traces [11]. Seventeen percent of products examined contained 
advisory labelling [12] on the U.S. market, comparing to 23% (table 1) and 22% (table 2) of Serbian 
retail products. 
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Abstract. Užička sausage is a traditionally fermented dry sausage that is produced in western 
Serbia. It is made of beef and pork with the addition of solid fat and natural spices. The whole 
manufacturing process lasted for 21 days. The goal of this study was to create a collection of 
lactic acid bacteria isolated during the ripening and identify them using molecular methods. A 
total of 50 isolates from different stages of ripening (fermentation and drying) were identified 
by molecular methods. Leuconococcus mesenteroides, Lactobacillus brevis, and Lactobacillus 
sakei were the predominant microorganisms in Užička sausage. 

1. Introduction 
Modern manufacturing procedures employ technologies for contemporary meat production that are 
significantly faster than traditional procedures. However, the resulting meat products, especially dried 
meat and dry fermented sausages, often fail to acquire the sensory characteristics typical for 
traditionally manufactured products. Basic differences occur due to usage of smoke produced in 
smoke generators, while traditional procedures employ smoke obtained from open fire beds. Next, 
neither starter cultures, nor glucono delta-lactone are used in traditional procedures. Ripening 
(fermentation and drying) processes, rather, are influenced by proteolytic and lipolytic enzymes from 
muscle and fat tissue as well as the epiphytic microbiota present. The dynamics of these processes, 
which are mainly directed by activity of the microbiota, are not under control in traditional 
manufacturing, and therefore, dry fermented sausages manufactured in traditional ways often fail to 
meet uniform quality standards. 

The production of fermented sausages is an area of meat processing that has been the subject of 
very intensive scientific research in recent decades. Due to the desirable and recognizable sensory 
properties of traditionally produced dry sausages, demand for them is constantly growing. The 
production of these products is still based on local customs and traditional production methods. 

The microorganisms that are most often responsible for these transformations are lactic acid 
bacteria (LAB), coagulase negative cocci (CNC) and yeasts [1]. LAB play an essential role in the 
production of fermented meat products. The products of their metabolism affect the process of 
ripening, development of desired sensory and nutritive characteristics of the products and, at the same 
time, inhibit the development of undesired microbiota [2]. They contribute to the development of 
flavor, color and texture of meat products. Reduction of pH as a result of lactic acid synthesis by LAB 
is an important effect of fermentation, which ensures the safety, stability and shelf life of meat 
products [3,4,5]. Traditional fermented sausages with a specific geographical origin have unique 
sensory characteristics and are generally of high quality [6]. 
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There is growing interest in being able to isolate and describe the LAB population in traditional 
fermented foods, especially with the advancement of methods in molecular microbiology [7,8,9]. 
Molecular methods are all reliable, simple to interpret and their application avoids subjective 
interpretation by the user.In order to protect the traditional approach to sausage manufacturing, it is 
essential to understand the microbial diversity and to select autochthonous starter cultures that can be 
used in the production of innovative foods with a geographical origin [8].LAB that have been isolated 
from fermented sausages belong to the genera Lactobacillus, Weissella, Leuconostoc, Pediococcus, 
Enterococcus and Lactococcus [8,9,10]. Among them, lactobacilli are most frequently isolated from 
sausages produced with different technologies, especially the species Lactobacillus sakei, 
Lactobacillus curvatus and Lactobacillus plantarum[3,9,10].Other lactobacilli that canbe found in 
lower numbers are Lactobacillus brevis, Lactobacillus buchneri and Lactobacillus paracasei [11,12]. 

One of the traditionally fermented dry sausages in Serbia is Užička sausage, which is produced in 
western Serbia. The goal of this study was to create a collection of LAB isolated during the ripening of 
Užička sausage and complete their molecular identification. 

2. Materials and Methods 

2.1 Užička sausage 
Užička sausage was traditionally produced in an artisanal household in Zlatibor district, Serbia. 
Užička sausage was composed of beef, pork and fat in the %ratio of 50:20:20. Meat and fat were 
ground to the size of 3 mm and mixed with nitrite curing salt (2.5%), sucrose (0.33%) and spice 
mixture (0.25%; composed of sweet and hot red peppers, black pepper and garlic). Prepared stuffing 
was filled into small beef intestine casings (diameter of 40 mm) to form sausages. Sausages were cold 
smoked for 4 days. The whole manufacturing process (smoking, fermentation and drying) lasted for 21 
days. 
 
2.2 Microbiological investigation 
Sausage samples for microbiology examinations were taken on days0, 2, 4, 7, 14 and 21. The 
experiment was repeated three times. Three replicate sausage samples were collected on each 
sampling day and used for analysis. Each sausage sample weighing 25 g was homogenized in 225 mL 
of MRD (Oxoid, UK) in a stomacher (AES, France) for 90 s. Serial dilutions (10-fold) were plated 
onto MRS agar (Oxoid, UK) in duplicate, and incubated for 48 h at 30°C under microaerophilic 
conditions. From each plate, single colonies were randomly picked and streaked on fresh agar plates in 
order to obtain pure cultures. Suspect LAB isolates from MRS agar were examined by Gram straining 
and catalase reaction. A total of 50 Gram-positive and catalase-negative isolates were further 
identified and characterized by molecular methods. Total DNA from LAB was extracted from a single 
colony by using the DNeasy Blood and Tissue Kit (Qiagen GmbH, Germany) according to the 
manufacturer’s protocol for Gram-positive bacteria. PCR was performed in a final volume of 50 μL 
containing 1× PCR buffer (10× PCR buffer: 500 mM KCl, 100 mM Tris-HCl, 0.8% Nonidet P40), 2.5 
mM MgCl2, 10 µM dNTP, 200 nM of each primer, 1 U of Taq polymerase (Fermentas, Lithuania) and 
100 ng of DNA template. DNA in PCR tubes was amplified in a thermal cycler (Techne, UK) using 
primers P1V1 (GCGGCGTGCCTAATACATGC) and P4V3 (ATCTACGCATTTCACCGCTAC), 
complementary to the V1-V3 region of the 16S rRNA, by 5 min at 95°C, 35 cycles of 1 min at 95°C, 1 
min at 42°C, 2 min at 72°C and the final extension of 5 min at 72°C. PCR products were purified by 
QIAquick PCR purification kit (Qiagen, Germany) and sent for sequencing to IIT Biotech (Bielefeld, 
Germany). The BLAST algorithm was used to determine the most related sequence relatives in the 
NCBI nucleotide sequence database (http://blast.ncbi.nim.nih.gov). 
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3. Results and Discussion 

Table 1. LAB species identified by molecular methods during production of Užička sausage using 
traditional techniques. 

 
Day of ripening Strain identification by 16S rRNA gene sequencing 
0 Ln. mesenteroides subsp. mesenteroides (7 isolates) 
 Lb. curvatus 
 Lb. brevis 
 Pediococcus parvulus 
 Lc. lactis subsp. cremoris (2 isolates) 
  
2 Ln. mesenteroides subsp. mesenteroides (2 isolates) 
 Ln. inhae 
 Weissella hellenica 
 Lb. brevis (2 isolates) 
  
4 Lb. sakei (3 isolates) 
 Lb. brevis (4 isolates) 
 Weissella hellenica 
  
7 Ln. mesenteroides subsp. mesenteroides (2 isolates) 
 Pediococcus pentosaceus 
 Lb curvatus 
 Lb. brevis (2 isolates) 
  
14 Ln. mesenteroides subsp. mesenteroides (5 isolates) 
 Lb. sakei 
 Weissella hellenica 
  
21 Lb. brevis (2 isolates) 
 Lb. sakei subsp. sakei (4 isolates) 
 Ln. mesenteroides subsp. mesenteroides (5 isolates) 

 
The most dominant microorganisms in Užička sausage were Leuconostoc mesenteroides, Lb. brevis, 
and Lb. sakei (Table 1). Besides them, Lactococcuslactis subsp.cremoris, Lb.curvatus, Weissella 
hellenica, Pediococcus pentosaceus, Pediococcus parvulus and Leuconostoc inhae were also 
identified, although in lower levels. 

The prevalence of Ln.mesenteroides found in Užička sausage is not in agreement with findings of 
authors who studied traditionally fermented sausages [9,10].However, it was in accordance with 
results obtained for another type of sausage produced in Serbia, Petrovská klobása[13],in which 
Ln.mesenteroides and Lactobacillus constituted the majority of the microbiota. Some of the 
Leuconostoc isolates from fermented sausages play an important role in sausage flavor development 
and could also exhibit strong antimicrobial activity [14,15]. However, the role of Leuconostoc species 
in the sausage ripening is not yet well understood. The finding of high levels of Lb.brevisis in 
agreement with other authors[16,17], while the predominant presence of Lb.sakei is in accordance 
with other authors [3,9,10,18]. These species are the most adapted of the lactobacilli to the fermented 
sausage environment [9]. 

4. Conclusion 
Results of this study showed that during the ripening of Užička sausage, Ln. mesenteroides, Lb.brevis, 
and Lb. sakei were the most dominant species. At the beginning of the production, Ln. mesenteroides 
prevailed. From day 4 until the end of fermentation, the dominant lactobacilli were Lb.brevis and Lb. 
sakei. Isolates of LAB from this study could be used as starter cultures in the production of traditional 
dry sausages. 
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Abstract. Coccidiostats are compounds that are widely used as feed additives to prevent and 
treat coccidiosis, a contagious disease affecting mainly poultry, and which is associated with 
warm and humid conditions, as can be found on poultry farms. In Serbia and in the EU, specific 
coccidiostats are authorized as poultry feed additives. A wide range of these products is available 
for prevention (as additives) and treatment of coccidiosis (as veterinary medicinal products). The 
aim of this study is to present findings of residues of coccidiostats in unmedicated feed for 
chickens for fattening and laying hens as possible causes for coccidiostat residues in liver and 
eggs. The reasons for these compounds occurring in animal tissues and primary products of 
animal origin could be an inappropriate withdrawal period after the last administration of 
medicated feed or cross-contamination of unmedicated feed during the production on the same 
production line as medicated feedingstuffs, because of inadequate cleaning procedures and/or 
hygiene practices. 

1.  Introduction 
Coccidiosis is a parasitic disease affecting livestock, especially poultry. The disease is caused by 
protozoan parasites of the genus Eimeria. In warm and humid environments, it causes intestinal lesions 
and it is highly contagious and spreads from one animal to another by contact with infected feces. Even 
in the presence of high sanitary standards and good farm management, coccidiosis can occur with serious 
impact on animal health and welfare and possible high mortality rates. The economic damage caused by 
coccidiosis should also be taken into consideration [1]. Effective coccidiostats are, at the moment, 
indispensable to protect the health and welfare of poultry and other animals against coccidiosis. 
 The use of coccidiostats in the EU is regulated by Commission Regulation 2003/1831/EC [2] on 
additives for use in animal nutrition. This Regulation lays down rules for authorization of feed additives 
and classifies feed additives into five categories, namely technological, sensory, nutritional, and 
zootechnical additives and coccidiostats or histomonostats. Currently eleven coccidiostats are 
authorized as feed additives in accordance with regulation [2] – decoquinate, diclazuril, halofuginone, 
lasalocid, maduramicin, monensin, narasin, nicarbazin, robenidine, salinomycin and semduramicin. 
Each coccidiostat can be used at a prescribed concentration and during a certain time interval for broilers 
and young chickens but not for laying hens. Despite the requirements set for companies that produce 
feeds (cleaning of equipment and production line, especially between medicated and non-medicated 
feed) [3], under practical conditions during production, unavoidable carry-over occurs when a certain 
percentage of a feed batch containing coccidiostats remains in the production circuit and contaminates 
the subsequent feed batch. This unavoidable carry-over or cross-contamination can result in the exposure 
of non-target animal species with potential health risks for animals, as well as the potential residues in 
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foods derived from these species such as eggs. Maximum levels of unavoidable carry-over of certain 
coccidiostats is regulated by Commission Directive 2002/32/EC on undesirable substances in animal 
feed [4], Annex I section VII – authorized feed additives in non target feed following unavoidable carry-
over, and subsequent Directives and Regulations amending Annex I (Directive 2009/8/EC, Regulations 
574/2011 and 744/2012). A carry-over rate of 1% is allowed for feed used during the period before 
slaughter (withdrawal feed), for other feed to which no coccidiostats are added and for non-target feed 
for continuous food producing animals (laying hens or dairy cows). Maximum levels for the presence 
of coccidiostats in food resulting from the unavoidable carry-over of these substances in non-target feed 
are regulated by the EU [5,6]. 

In Serbia, the use of these same eleven coccidiostats as feed additives and unavoidable carry-over in 
non-target feed is regulated by Regulation on quality of feed in article 89 (permitted substances with a 
coccidiostatic action which can be added to the mixtures and premixtures) and article 99 (maximum 
permitted harmful substances – authorised feed additives in non target feed following unavoidable carry-
over) [7]. Table 1 presents the maximum concentrations of active substances allowed in non-target feed 
in Serbia given an unavoidable maximum level of carry-over of 1% of the coccidiostats. 
 

Table 1. Maximum levels of unavoidable carry-over (1%) of coccidiostats in non-target feed  
 

Coccidiostat Maximum levels of unavoidable carry-over (1%) 
(mg of active substance/kg of feed) 

Narasin 0.70 
Lasalocid 1.25 
Maduramicin 0.05 
Semduramicin 0.25 
Salinomycin 0.70 
Monensin 1.25 
Nicarbazin (DNC) 1.25 
Diclazuril 0.01 
Robenidine 0.70 
Decoquinate 0.40 
Halofuginone 0.03 

 
 
 Chickens for fattening receive coccidiostats through feed during their entire life, except during the 
period before slaughter – the withdrawal period (this is 3-5 days for the different coccidiostats). 
Coccidiostats are added to their feed at different levels: 100-125 mg/kg (monensin), 75-125 mg/kg 
(lasalocid), 60-70 mg/kg (salinomycin), 5-6 mg/kg (maduramicin), 40-50 mg/kg (narasin), 40-50 mg/kg 
(nicarbazin), 30-40 mg/kg (robenidine), 1 mg/kg (diclazuril) [7]. A withdrawal period before slaughter 
is required in order to avoid residues of coccidiostats in edible tissues, although there is no risk to 
consumer health from ingestion of coccidiostats residues in tissues of animals exposed to feed cross-
contaminated up to a level of 10% [8-10]. None of the coccidiostats are licensed for use in egg laying 
hens and eggs should be free of coccidiostats, but residues of coccidiostats in eggs have been detected 
in Europe at levels from 0.3 to <40 µg/kg [11-13], and in Serbia within the National Residue Monitoring 
Programme, at levels from 1 to <20 µg/kg. The reported findings of coccidiostats residues can be 
attributed to the cross-contamination of unmedicated feed at feed production mills, although illegal use 
of the drugs cannot be discarded. 

2.  Materials and Methods 
Diclazuril (DICL), robenidine (ROBN), narasin (NAR), nicarbazin (DNC), monensin (MON), 
salinomycin (SAL), maduramicin (MAD) and lasalocid (LAS) were all purchased from Sigma-Aldrich 
(St. Louis, USA). Water, methanol, acetonitrile and N,N-dimethylformamide were all HPLC grade and 
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also purchased from Sigma-Aldrich. Formic acid LC grade was from Merck (Merck KGaA, Darmstadt, 
Germany). Individual stock solutions at a concentration of 1.00 mg/mL were prepared in methanol for 
all compounds except for narasin and nicarbazin, which were dissolved in dimethylformamide (DMF); 
all were stored at -20ºC. Working standard solution (a mixture of analytes) was prepared in acetonitrile 
by diluting stock solutions into a range that equated to the carryover levels in feed and stored at 4ºC. 
 Coccidiostats were analyzed with Waters ACQUITY connected to a TQD mass spectrometer 
(Waters, Miliford, MA, USA). The instrument was controlled by MassLynks software version 4.1.The 
analytical column used for separation was Kinetex 100 x 2.1 mm, 2.6µ C18 100A with UltraGuard 
cartridge (Phenomenex, Torrance, CA, USA). The oven temperature was set at 45ºC. The 
chromatographic separation was achieved in gradient mode using water acidified with 0.1% formic acid 
(mobile phase A) and acetonitrile acidified with 0.1% formic acid (mobile phase B) at a flow rate of 
0.55 mL/min. Electrospray ionization (ESI) was used with both positive and negative mode, with 
following parameters: capillary voltage 3.5kV, source temperature 130ºC, desolvation temperature 
400ºC, desolvation and cone gas 900 and 60 L/h, respectively. Argon was used as collision gas. The 
precursor and products ions for each analyte, cone voltages and collision energies are presented in Table 
2. 
 Feeds labeled as withdrawal feed or feed for laying hens, from 2014 to May 2017, were used in this 
study. We also analyzed different batches of rinsing feed, produced when switching from production of 
medicated feed to unmedicated feed, provided to us by mill owners. Before analysis, feeds were ground 
using a laboratory mill IKA A11 Basic (IKA Werke, Germany). A 5.0 g portion of each feed was 
individually weighed into polypropylene jars with caps. Acetonitrile 25 mL was added and the jars were 
shaken on a horizontal shaker IKA Yellow line (IKA Werke, Germany) for 60 mins. The extracted feeds 
were filtered individually through nylon 0.22µm syringe filter into HPLC vials.  
Quantification was carried out using matrix extracted calibrations curves at four levels. With every batch 
of feeds examined, blank feed samples were fortified at four different levels with mixed working 
standard solution and submitted to the full extraction procedure. 
 
 

Table 2. Mass spectrometry parameters for quantification of coccidiostats in poultry feeds 
 

Compound Precursor ion 
(m/z) 

Product ions 
(m/z) 

Cone voltage 
(V) 

Collision 
energies (eV) 

Ionization 
mode 

Narasin 
787.30 

431.30 
531.40 

70 
70 

50 
45 

ES+ 

Lasalocid 
613.20 

359.30 
377.40 

70 
70 

32 
35 

ES+ 

Maduramicin 
934.8 

629.50 
647.50 

36 
36 

28 
20 

ES+ 

Salinomycin 
773.50 

265.10 
431.10 

70 
70 

50 
50 

ES+ 

Monensin 
693.00 

461.10 
479.10 

70 
70 

60 
60 

ES+ 

Nicarbazin  
301.00 

107.10 
137.00 

50 
50 

40 
40 

ES- 

Diclazuril 405.00 
406.90 

334.00 
336.00 

33 
33 

21 
19 

ES- 

Robenidine 
333.90 

138.00 
155.00 
178.00 

35 
35 
54 

30 
20 
30 

ES+ 
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3.  Results and Discussion 
Results obtained from analyzed rinsing feed proved that production of medicated and unmedicated feed 
on the same production line led to unavoidable carry over, i.e. cross-contamination. According to the 
legislation, SAL can be added to feed for chickens for fattening at concentrations of between 60-70 
mg/kg [7]. Based on these concentrations, from up to 4% to less than 1% of the added SAL was left in 
the production lines after several batches of rinsing feed, intended to clean the lines, were processed. 
Similar results were obtained for other coccidiostats. Concentrations of residual coccidiostats in the 
feeds produced after the rinsing feeds were processed are shown in Figure 1. As can be seen, only after 
several batches of rinsing feed were processed did the concentrations of coccidiostats fall below 
maximum levels of unavoidable carry-over (1%). 
 
 

 

Figure 1. Concentration of different coccidiostats (mg/kg feed) in rinsing feed. 
 
 
 Concentrations of different coccidiostats found in analyzed feed labeled as withdrawal feed or feed 
for laying hens are presented in Table 3 and Table 4, respectively. For withdrawal feeds, the highest 
concentration of the coccidiostats SAL, MAD, LAS, DICL and ROBN corresponded to the doses added 
to starter feed for chickens for fattening [7]. Feeds that had concentrations of coccidiostats above 
maximum levels of unavoidable carry-over (1%), were declared non-compliant. Among the feeds, 
13.7% contained non-compliant concentrations of SAL (Table 3). However, the majority of feeds had 
concentrations of coccidiostats below maximum levels of unavoidable carry-over (1%) and in 20-25% 
of feeds, concentrations of coccidiostats were below the limit of detection (LOD). The most disturbing 
fact was that a large number of feeds (80%) contained concentrations below maximum levels of 
unavoidable carry-over (1%) of several (2-4) different coccidiostats. 
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Table 3. Concentration of different coccidiostats (mg/kg feed) in withdrawal feed 

Compound n 1 min – max n 2 n 3 

Salinomycin SAL 124 0.005 – 60 74 17 (13.7%) 

Maduramicin MAD 124 0.005 – 6 15 8 (6.5%) 

Narasin NAR 124 0.005 – 12 40 4 (3.2%) 

Lasalocid LAS 124 0.005 – 116 14 2 (1.6%) 

Diclazuril DICL 124 0.005 – 0.920 5 1 (0.8%) 

Robenidine ROBN 124 0.005 – 27.6 2 2 (1.6%) 

Nicarbazin DNC 124 0.010 – 6.2 18 3 (2.4%) 

n 1 – number of feeds; n 2 - number of feeds with coccidiostat level above LOD and below maximum 
levels of unavoidable carry-over (1%); n 3 - number of feeds with coccidiostat level above maximum 
levels of unavoidable carry-over (1%) 
 
 In feed for laying hens, in which the use of coccidiostats is not licensed, of 133 feeds analyzed, MAD 
was above maximum levels of unavoidable carry-over (1%) in 13 (9.8%) of feeds (Table 4). Bodi et al. 
[14] investigated carry-over of MAD from feed into eggs of laying hens. Feeding the hens a diet 
containing 50µg/kg MAD (the maximum level of unavoidable carry-over 1%), resulted in 
concentrations of MAD in eggs up to 11 µg/kg. They calculated that the carry-over rate from feed into 
eggs was 8% for MAD. Kennedy at al. [12] reported the carry-over of LAS from medicated to 
unmedicated feed during manufacture. LAS was found at levels up to 1mg/kg, level high enough to 
result in residues in eggs. 
 

Table 4. Concentration of different coccidiostats (mg/kg feed) in feed for laying hens 

Compound n 1 min – max n 2 n 3 

Salinomycin SAL 133 0.005 – 7.3 81 3 (2.3%) 

Maduramicin MAD 133 0.005 – 0.832 19 13 (9.8%) 

Narasin NAR 133 0.005 – 0.769 13 1 (0.75%) 

Lasalocid LAS 133 0.005 – 0.486 17 0 

Diclazuril DICL 133 0.005 – 0.660 1 1 (0.75%) 

Robenidine ROBN 133 0.005 – 0.125 8 0 

Monensin MON 133 0.005 – 3.6 9 1 (0.75%) 

n 1 – number of feeds; n 2 - number of feeds with coccidiostat level above LOD and below maximum 
levels of unavoidable carry-over (1%); n 3 - number (%) of feeds with coccidiostat level above 
maximum levels of unavoidable carry-over (1%) 

4.  Conclusion 
The obtained results indicate that more attention should be paid to the feed production process in order 
to avoid cross-contamination from medicated to non-medicated feed. Besides the measures usually taken 
after any non-compliant findings of coccidiostats in non-medicated feed, adequate education of feed 
producers is highly recommended. This must be focused on better understanding of rules for production 
and hygiene practices and implementation of control measures in the use of coccidiostats, including 
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closer cooperation between producers and competent authorities responsible for the residue surveillance 
program and official control. 
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Abstract. During the previous development of a chemometric method for estimating the 

amount of added colorant in meat products, it was noticed that the natural colorant most 

commonly added to boiled sausages, E 120, has different CIE-LAB behavior compared to 

artificial colors that are used for the same purpose. This has opened the possibility of 

transforming the developed method into a method for identifying the addition of natural or 

synthetic colorants in boiled sausages based on the measurement of the color of the cross-

section. After recalibration of the CIE-LAB method using linear discriminant analysis, 

verification was performed on 76 boiled sausages, of either frankfurters or Parisian sausage 

types. The accuracy and reliability of the classification was confirmed by comparison with the 

standard HPLC method. Results showed that the LDA + CIE-LAB method can be applied with 

high accuracy, 93.42 %, to estimate food color type in boiled sausages. Natural orange colors 

can give false positive results. Pigments from spice mixtures had no significant effect on CIE-

LAB results.  

1.  Introduction 

Technological processes and components used in manufacturing have a major influence on sensory 

properties of meat products, and therefore, on acceptance by consumers [1]. Meat products have a 

characteristic color, which could make them acceptable or not at first glance. The color of meat 

products can be adjusted by addition of natural and/or synthetic dyes. This addition not only provides 

a uniform color of the products from batch to batch, but also allows the replacement of high-quality 

components with ones of lower quality, fraud and deception of the consumer. Usage of synthetic and 

some natural food dyes can have adverse reactions on human health, especially in children and 

sensitive adults [2-5]. Hence, their use in meat products is regulated [6-8]. 

Color measurement of meat and meat products using the CIE (Commission Internationale de 

l'Eclairage) L*a*b* system (CIE-LAB) is in common use, along with sensory evaluation [9-10]. 

Instrumental color measurement is independent of auditors’ subjective impressions. The widespread 

application of CIE-LAB measurement can be explained due to the uniform distribution of color and 

similarity to color perception of the human eye. The CIE-LAB method along with chemometrics has 

been applied to predict color properties of food during accelerated shelf-life studies, recipe changes, 

package and storage conditions and so forth [11-14]. CIE-LAB measurements cannot be applied for 

direct determination of added food colorants in meat products without chemometrics, because other 
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coloring materials, like paprika and chili from spice mixtures, and the color of the constituent meat, 

contribute to the overall color [15]. Reliability of measurements depends on color homogeneity of the 

analyzed surface, and in the case of meat products, freshly-sectioned surfaces are required. 

Measurement of cross-sectional color of fine-grained products like frankfurters and Parisian sausage 

gives accurate and repeatable results. 

It is not necessary to emphasize the need for rapid methods and techniques for food color 

monitoring throughout the entire food supply chain, from the manufacturers to retailers. In order to 

contribute to this topic, the goal of this study was to investigate the possibility of re-purposing a 

previously developed method [15] to distinguish the addition of synthetic or natural food colorants in 

boiled sausages with even cross-sectional color. After initial adjustment, the method was verified on 

retail products, and results of the CIE-LAB method were compared with results of HPLC method [15]. 

2.  Materials and methods 

Reagents, meat products for development and calibration of the CIE-LAB method, sensory and HPLC 

analysis, and CIE-LAB measurements were performed according to the procedures previously 

described [15]. Meat products for verification (76 boiled sausages, either frankfurters or Parisian 

sausages) were obtained from importers, exporters or retailers. 

2.1.  Statistical analysis 

Techniques and methods previously described were used for data analysis [15]. Principal component 

analysis (PCA) and linear discriminant analysis (LDA) [16] were used to determine the existence of 

data grouping based on CIE-LAB measurement as well as to produce the model for determination of 

the colorant type in boiled sausages. MS Office Excel and JMP 10 Statistical Discovery (SAS 

Institute, SAD) were used for data processing and all calculations. 

3.  Results and discussion 

Ten fine-grained boiled sausage products with different food colorants at different concentration levels 

produced in an industrial facility [15] were used as a training set. Sixty results for CIE-LAB 

measurements were used for analysis. First of all, PCA was applied to determine grouping either by 

type or colorant concentration level. Graphically represented results of PCA are shown in Figure 1. 

 

 

Figure 1. PCA results for the training set of ten boiled sausage 

products 
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Principal components 1 (PC1) and 2 (PC2) explained 89.4 % of total variance. Results showed that 

the main factors for grouping results by dye concentration level were the amount of red (a*) and 

lightness (L*). As the dye concentration increased, a* also increased, while L* values decreased. For 

sausages without added colorant (NC, No Colorant, orange cross in Figure 1) the luminance value 

(lightness, L*) was the most relevant grouping factor. Synthetic colorants (E 124 and E 129) were 

separated from natural dye (E 120) by b*, the yellowness value. Values of b* increased with 

increasing concentrations of synthetic dye, while increases in the amount of added natural colorant 

decreased b* values. Values of L* and a* showed more significant differences with concentration 

changes of natural than of synthetic dyes. In conclusion, PCA results for the training set indicated that 

sausages could be separated into three groups according to type of added food colorant – with no 

added colorant, with synthetic colorant and with natural colorant. 

Re-purposing the CIE-LAB method to identify the type of colorant added to boiled sausages with 

homogenous section color involved LDA of the training set data. LDA was selected because it is 

suitable for calibration with categorical output variables. Results of LDA are shown in Table 1. 

 

Table 1. LDA results for the training set of ten boiled sausage products 

Counts: Actual Rows 

by Predicted Columns 

Natural No Color Synthetic 

Natural 17 0 1 

No Color 0 6 0 

Synthetic 1 2 33 

 

Actual groups in the training set are given by rows, and predicted by columns in Table 1. Only 5 of 

the 60 measurements resulted in a misclassification. In the natural group, 1 was misclassified; in the 

group with no colorant, 0 were misclassified, and; 3 were misclassified in the group with synthetic 

colorants. The modified CIE-LAB method produced 91.67 % accurate prediction in the training set of 

boiled sausages. By groups, the percent of accurate prediction was as follows: 94.44 % in the natural 

colorants group, 100 % in the group without added colorant, and 91.67 % in the synthetic colorants 

group. 

The verification set consisted of 76 samples of boiled sausages. Sensory audit of cross-section 

color was performed simultaneously, along with CIE-LAB measurements. Food dye content and type 

were determined and confirmed by the HPLC-DAD method [15]. Results of colorimetric, sensory and 

chromatographic determinations were compared and applied for estimation of CIE-LAB method 

validity (Table 2). 

 

Table 2. Verification results for 76 boiled sausages from retail, export or import using CIE 

colorimetry + LDA to predict the type of colorant added to the foods 

No Typea 

CIE colorimetry 

Sensory 

Probability (%) 
Estimated 

dye (CIE) 

Dye 

type 

(HPLC) 

Correctness of 

classification L* a* b* NCb Natc Synd 

1 FR 67.60 15.63 16.12 3.08 0.00 0.00 100.00 Syn E 120 - 

2 PS 74.71 14.30 13.78 4.92 100.00 0.00 0.00 NC ND + 

3 PS 75.79 13.08 11.73 4.67 100.00 0.00 0.00 NC ND + 

4 PS 66.25 16.21 20.73 2.83 0.00 0.00 100.00 Syn E 129 + 

5 PS 68.11 15.14 17.63 3.00 0.00 0.00 100.00 Syn E 129 + 

6 PS 72.78 8.83 13.67 3.25 80.18 11.87 7.95 NC ND + 

7 PS 63.97 19.29 14.92 3.25 0.00 64.63 35.37 Nat E 120 + 

8 PS 69.01 15.61 12.88 4.83 0.00 99.91 0.09 Nat E 120 + 

9 PS 72.24 14.77 11.96 4.92 87.14 12.85 0.01 NC ND + 

10 FR 68.63 16.57 11.98 3.58 0.00 100.00 0.00 Nat E 120 + 

11 FR 66.96 15.71 13.65 3.00 0.00 99.76 0.24 Nat E 120 + 

12 FR 68.41 14.31 13.90 2.50 0.00 94.10 5.90 Nat E 120 + 

13 FR 69.48 15.26 14.97 3.25 0.00 0.08 99.92 Syn E 129 + 
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No Typea 

CIE colorimetry 

Sensory 

Probability (%) 
Estimated 

dye (CIE) 

Dye 

type 

(HPLC) 

Correctness of 

classification L* a* b* NCb Natc Synd 

14 FR 68.02 15.14 15.57 2.25 0.00 0.03 99.97 Syn E 110 + 

15 PS 66.83 17.01 12.56 4.63 0.00 100.00 0.00 Nat E 120 + 

16 PS 71.35 14.87 13.04 4.75 22.23 68.70 9.07 Nat E 120 + 

17 PS 68.92 14.78 17.12 3.38 0.00 0.00 100.00 Syn E 129 + 

18 FR 62.53 19.83 14.50 3.38 0.00 99.67 0.33 Nat E 120 + 

19 PS 63.60 19.16 15.68 3.00 0.00 3.02 96.98 Syn E 110 + 

20 FR 67.84 15.86 14.32 4.00 0.00 45.62 54.38 Syn E 100 - 

21 FR 68.82 15.45 14.74 4.13 0.00 1.13 98.87 Syn E 100 - 

22 PS 63.91 16.20 13.63 3.00 0.00 100.00 0.00 Nat E 120 + 

23 PS 65.44 18.26 16.45 3.50 0.00 0.00 100.00 Syn E 110 + 

24 FR 61.03 18.94 12.44 4.00 0.00 100.00 0.00 Nat E 120 + 

25 FR 66.83 17.41 12.76 4.00 0.00 100.00 0.00 Nat E 120 + 

26 FR 63.31 18.91 12.49 4.50 0.00 100.00 0.00 Nat E 120 + 

27 FR 63.95 18.43 10.52 3.50 0.00 100.00 0.00 Nat E 120 + 

28 PS 60.61 18.27 12.34 3.50 0.00 100.00 0.00 Nat E 120 + 

29 FR 59.57 20.55 13.48 3.50 0.00 100.00 0.00 Nat E 120 + 

30 PS 61.47 19.67 12.51 3.50 0.00 100.00 0.00 Nat E 120 + 

31 PS 66.60 18.00 11.42 2.50 0.00 100.00 0.00 Nat E 120 + 

32 PS 63.65 17.24 13.96 3.50 0.00 99.99 0.01 Nat E 120 + 

33 PS 66.22 17.15 14.44 3.00 0.00 75.17 24.83 Nat E 120 + 

34 FR 62.76 15.79 16.00 2.50 0.00 28.47 71.53 Syn E 110 + 

35 PS 63.94 18.70 17.01 3.00 0.00 0.00 100.00 Syn E 100 - 

36 PS 67.17 17.86 12.88 3.50 0.00 99.98 0.02 Nat E 120 + 

37 PS 68.95 13.43 12.32 3.50 0.00 100.00 0.00 Nat E 120 + 

38 PS 72.31 13.90 14.32 - 93.96 0.00 6.03 NC NDe + 

39 PS 63.48 16.31 13.20 - 0.00 100.00 0.00 Nat E 120 + 

40 PS 66.63 15.94 13.01 4.00 0.00 100.00 0.00 Nat E 120 + 

41 PS 60.58 19.56 12.40 4.00 0.00 100.00 0.00 Nat E 120 + 

42 FR 65.47 12.23 13.89 4.00 0.00 100.00 0.00 Nat E 120 + 

43 FR 65.91 13.01 13.81 4.50 0.00 99.99 0.01 Nat E 120 + 

44 FR 64.35 14.10 13.85 3.50 0.00 100.00 0.00 Nat E 120 + 

45 PS 65.70 15.36 13.38 4.00 0.00 100.00 0.00 Nat E 120 + 

46 PS 66.23 17.24 13.76 3.50 0.00 99.56 0.44 Nat E 120 + 

47 PS 63.68 17.11 13.24 3.00 0.00 100.00 0.00 Nat E 120 + 

48 PS 65.34 16.67 14.03 3.50 0.00 99.73 0.27 Nat E 120 + 

49 PS 69.24 14.00 13.79 4.00 0.00 89.36 10.64 Nat E 120 + 

50 PS 65.91 13.01 13.81 3.50 0.00 99.99 0.01 Nat E 120 + 

51 PS 63.69 17.08 14.14 3.50 0.00 99.97 0.03 Nat E 120 + 

52 PS 61.03 17.93 14.19 4.00 0.00 100.00 0.00 Nat E 120 + 

53 FR 66.92 16.54 13.58 4.50 0.00 99.70 0.30 Nat E 120 + 

54 FR 60.83 19.89 13.11 4.00 0.00 100.00 0.00 Nat E 120 + 

55 PS 60.58 19.71 12.49 4.00 0.00 100.00 0.00 Nat E 120 + 

56 PS 63.69 17.08 14.14 3.50 0.00 99.97 0.03 Nat E 120 + 

57 FR 65.47 12.23 13.89 3.50 0.00 100.00 0.00 Nat E 120 + 

58 PS 61.03 17.93 14.19 3.00 0.00 100.00 0.00 Nat E 120 + 

59 FR 65.91 13.01 13.81 4.50 0.00 99.99 0.01 Nat E 120 + 

60 FR 64.35 14.10 13.85 4.00 0.00 100.00 0.00 Nat E 120 + 

61 PS 65.70 15.36 13.38 4.00 0.00 100.00 0.00 Nat E 120 + 

62 PS 66.23 17.24 13.76 3.50 0.00 99.56 0.44 Nat E 120 + 

63 PS 63.68 17.00 13.24 3.50 0.00 100.00 0.00 Nat E 120 + 

64 PS 65.34 16.67 14.03 4.50 0.00 99.73 0.27 Nat E 120 + 

65 PS 69.24 13.97 13.79 4.00 0.00 89.64 10.36 Nat E 120 + 

66 PS 65.39 16.33 12.96 4.00 0.00 100.00 0.00 Nat E 120 + 

67 PS 67.62 15.86 15.44 4.00 0.00 0.09 99.91 Syn E 110 + 

68 FR 60.63 19.98 12.76 4.00 0.00 100.00 0.00 Nat E 120 + 

69 PS 64.28 15.34 15.26 3.00 0.00 78.18 21.82 Nat E 120 + 

70 PS 61.04 16.80 15.41 3.50 0.00 99.56 0.44 Nat E 120 + 

71 FR 66.91 16.35 13.67 4.50 0.00 99.56 0.44 Nat E 120 + 

72 PS 61.47 16.02 15.44 3.50 0.00 99.34 0.66 Nat E 120 + 
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No Typea 

CIE colorimetry 

Sensory 

Probability (%) 
Estimated 

dye (CIE) 

Dye 

type 

(HPLC) 

Correctness of 

classification L* a* b* NCb Natc Synd 

73 PS 68.32 15.09 13.18 3.50 0.00 99.90 0.10 Nat E 120 + 

74 PS 65.89 15.23 14.68 3.50 0.00 87.41 12.59 Nat E 120 + 

75 PS 68.28 13.43 12.48 3.50 0.00 100.00 0.00 Nat E 120 + 

76 PS 66.54 14.90 15.45 3.00 0.00 1.72 98.28 Syn E 100 - 
a FR = frankfurter; PS = Parisian sausage 
b NC = no colorant 
c Nat = natural colorant 
d Syn = synthetic colorant 
e ND = none detected 

 

Verification of the method for estimating the type of food dye added to boiled sausages based on 

CIE-LAB colorimetry measurements was conducted by comparison of correctly classified vs. 

misclassified sausages. The overall estimated accuracy of verification was 93.42 %. Five of 76 

sausages were misclassified, of which four were confirmed by HPLC-DAD as containing the orange 

natural food dye, curcumin (E 100). Considering that the b* value was the main discriminant factor for 

differentiation of synthetic and natural food colorants used in the training set, and that in orange food 

colorants, the amount of yellow (b*) is significantly higher than in red food colorants, it is easy to 

deduce why the use of E100 gave false positive results for synthetic dyes. In the case of the other 

orange colorant detected in the sausages (Sunset yellow FCF, E 110), it was correctly classified since 

it is a synthetic colorant. 

Similarly to the training set, no sausages without added food colorant were misclassified in this 

verification of 76 sausages. The absence of misclassified samples in the group of sausages with no 

added color points to the fact that pigments from spice mixtures had no significant effect on CIE-LAB 

determination. 

4.  Conclusion 

CIE-LAB measurement is a fast, nondestructive method for in-situ determination of product color 

characteristics and it can be applied, with chemometrics, to determine the amount of colorants in meat 

products. The fine-grained boiled sausages studied, with even cross-sectional color, gave repeatable 

CIE-LAB measurement results [15]. 

The previously developed method for estimation of added food dye amount based on multiple 

linear regression (MLR) and CIE-LAB measurements was successfully transformed into a method for 

estimation of added colorant type (natural, synthetic, or no colorant) by substitution of color 

concentration with color type and use of LDA in place of MLR. 

Verification results showed that the LDA + CIE-LAB method could be applied with high accuracy 

to estimate food colorant type in boiled sausages. However, natural orange colorants can be falsely 

categorized as synthetic colorants. Sausages with added natural red colorant, except for one sample, 

were all correctly classified, as were sausages without added color. 

Pigments from spice mixtures had no significant effect on CIE-LAB results. 

This CIE-LAB method can be used as a complementary method alongside HPLC determinations 

and sensory analysis for rapid estimation of the type of added colorant in boiled sausages as an 

important control factor in food supply chain. 
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Abstract. Globalisation, climate change, changes in eating habits and the food industry, 
modern animal husbandry and market demands often have a negative impact on quality 
assurance, food safety and animal health. After the eradication of some zoonotic diseases that 
previously often jeopardized the human population, today in developed countries, the focus is 
mainly on the control of zoonoses transmitted by food. Salmonella is one of the most common 
pathogens that can be transmitted from animals to humans, and its reservoirs are poultry, cattle 
and pigs, so one transmission route to humans is from contaminated food of animal origin. 
Multidrug-resistant isolates of Salmonella, which can transfer their resistance genes to other 
microorganisms, are considered a serious threat to public health. Control of Salmonella 
primarily depends on a good monitoring system and knowledge of the presence of serovars and 
strains in an epizootiological area. During the first nine months of 2016, 1321 samples of 
poultry meat and products were examined, among which 108 harboured Salmonella. 
Altogether, 29 of the 108 isolates (26.85%) were Salmonella Infantis. For all 29 S. Infantis 
isolates, antimicrobial resistance was tested by the disc diffusion method. The isolates showed 
100% resistance to amoxicillin, and nalidixic acid. 

1.  Introduction 
Bacteria of the genus Salmonella belong to the family Enterobacteriaceae. The Salmonella genus 
includes over 2,570 different serotypes. All species of this genus are pathogenic to humans and cause 
different types of illnesses, from intestinal infections such as diarrhoea to generalized infections which 
are life-threatening such as typhoid fever. Infectious diseases in humans are mainly caused by 
Salmonella enterica subspecies enterica (S.), serotype Typhi or Paratyphi. Other serotypes mostly 
cause intestinal infections, but can also cause septicaemia, and often the existence of long-term carrier 
status. 
Apart from in humans, Salmonella can cause disease in many animal species, and human disease is 
commonly associated with the consumption of food of animal origin. Humans can become infected 
through the faecal-oral route, by consuming different kinds of contaminated food and water or through 
contact with animals. Salmonella enterica subsp. enterica serotype Enteritidis (S. Enteritidis), S. 
Typhimurium, S. Infantis and S. Hadar are ubiquitous serotypes with a wide range of hosts. They 
rarely cause systemic disease in healthy adults, but they are able to colonize gastrointestinal tract of 
many animal species. Thanks to frequent colonization and a high level of excretion in faeces of 
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animals reared for human consumption, ubiquitous serotypes can enter the food chain and cause 
salmonellosis cases in humans [1].  
The ubiquity of Salmonella and its prevalence in the natural environment, on farms and in the food 
chain, as well as its adaptability to many animal reservoirs and routes of transmission, makes 
epidemiological studies of these bacteria very complex. For most epidemics among humans, the 
source of infection can be detected relatively easily, because they are usually foodborne, caused by 
one serotype and mainly of limited duration, but hospital epidemics are exceptions. When animals are 
bred for human consumption on farms, sources, routes and methods of transmission are usually more 
complex, especially as multiple strains and serotypes of Salmonella can persist concurrently on farms 
for a long time. Hence, the eradication of Salmonella on farms is a challenge. The first step in 
preventing the spread of infection between animals and humans is monitoring the movement of 
individual strains of Salmonella in both populations. For this purpose, it is not enough to identify 
isolates just to the level of Salmonella serotypes, because not all isolates within each serotype are 
identical. The divisions at different levels within the serotypes have significance in epidemiological 
studies and at the local level, in the context of supervision of these pathogens. 

The role of poultry in the epidemiology of human Salmonella infections is recognized to be due to 
the development of intensive poultry production worldwide. Infected poultry is one of the most 
important reservoirs of Salmonella that are transmitted to humans through the food chain. In the past, 
the main motive for the control of salmonellosis in poultry was to reduce production losses. Today, the 
interest in protecting public health, plus political and consumer pressures, have resulted in the 
prevention of foodborne salmonellosis being a top priority for poultry producers [2]. The presence of 
Salmonella in poultry (compared to other domestic food-source animals), means poultry products have 
far greater significance as potential sources of infection for humans. Therefore, monitoring the 
presence and movement of Salmonella in poultry flocks is the first step in the control of this zoonosis, 
which later in the poultry chain is continued by microbiological control of poultry meat, eggs and their 
products [3]. 

Paratyphoid infections in poultry are caused by motile Salmonella serotypes, of which the most 
common causes are S. Enteritidis and S. Typhimurium. These organisms can infect a variety of hosts, 
including humans. In poultry, paratyphoid infections are generally asymptomatic, while in humans 
they cause symptoms of food poisoning [4]. 

In Serbia, foodborne salmonellosis outbreaks were linked commonly with cakes (22.2%), eggs 
(8.9%) or fried chicken (4.4%). However, according to information on the presence of Salmonella in 
some types of foods in Belgrade in the last twenty years, Salmonella was more likely to be isolated 
from chicken (49.2%), but was detected significantly less often in cakes and pies (8.8%) [5]. 

S. Enteritidis is, together with S. Typhimurium, a leading cause of salmonellosis in humans in the 
world. However, according to available data, in recent years, the number of isolates of S. Enteritidis 
and S. Typhimurium has decreased by half, but a constant increase in the number of isolates of S. 
Infantis has been recorded with its main sources being pigs, poultry and animal food [6]. The S. 
Infantis presence in human and animal food, as well as in animals, has led to this being one of the ten 
most frequently identified Salmonella serotypes in the European Union (EU) [6]. The European Food 
Standards Agency (EFSA) [6] stated that, according to results from the European Centre for Disease 
Control (ECDC), for the period from 2012 to 2014, S. Infantis was the fourth most common 
Salmonella serovar in the EU. Furthermore, it was revealed that S. Infantis contains isolates of several 
different clones which are present not only in food, but also in humans [7]. 

Human infection caused by S. Infantis via food is increasingly being monitored worldwide. S. 
Infantis is also increasing among human isolates in Europe (Germany, Hungary, Netherlands, 
Finland), but the rise of this serovar is also noticed in countries around the world (Australia, New 
Zealand, Russia, Argentina, Brazil, Canada, Japan [6,8,9,10]. In Hungary, in recent years, there has 
been an increased occurrence of S. Infantis not only in poultry production, but also in humans [11,12]. 
Likewise in Germany, S. Infantis is the third most common Salmonella serovar in recent years in 
humans, and poultry and pork meat are major sources of infection [7,13]. 
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According to available literature, the Republic of Srpska and neighbouring countries have not 
conducted studies that include isolates from poultry, people and food of poultry origin, in an attempt to 
investigate their possible clonal association as evidence of circulating strains in the poultry food chain. 
However, available data from Croatia, where S. Infantis has been monitored for several years in broiler 
flocks, showed isolations of S. Infantis are increasing in absolute terms, but also in relation to other 
pathogenic strains of Salmonella that are being monitored [14]. 

Many scientific studies in various countries have recognized poultry meat as a potential source of 
S. Infantis, and the presence of this organism as the predominant Salmonella serovar in poultry in 
Israel was associated with an increase in the number of people with diabetes during 2007-2009 [9,15]. 
Also, over a period of five years (2004-2009), 76 S. Infantis isolates were obtained from broilers from 
nine countries in Central and Eastern Europe [10,16]. A significant increase (up 162%) of human 
infection by S. Infantis was reported in the United States in 2014, compared to the previous reporting 
period (2011- 2013) [17].  

EFSA and ECDC [18], reporting on antimicrobial resistance among pathogens and indicator 
bacteria in humans, animals and food, stated that S. Infantis showed resistance to more than 90% of 
the tested antimicrobials. The greatest resistance (including to ciprofloxacin, streptomycin, 
sulphonamides and tetracyclines) was shown by isolates from broiler meat and hens. In countries 
where vaccination against S. Enteritidis and S. Typhimurium is carried out with good results, it can be 
assumed that this could allow other Salmonella to enter the poultry at farm level; S. Infantis is a 
potential candidate for this [7]. 

The Republic of Srpska’s Policy on Microbiological Criteria for Foods [19] requires serotyping of 
S. Enteritidis and S. Typhimurium only when isolates are from fresh broiler chicken meat, or from 
broilers, hens, or breeding or fattening flocks of turkeys, while all other Salmonella isolations are 
recorded as contamination with Salmonella spp., and do not require further subtyping. 

Good farming and good hygienic practices (GFP and GHP) are a set of measures that are applied to 
control Salmonella spp. [20]. The basis of food production with minimal contamination with 
Salmonella is good manufacturing practice as well as the implementation of hazard analysis and 
critical control points (HACCP) from preparation to delivery [21]. 

The aim of this study was to determine the overall incidence of S. Infantis in poultry meat and 
poultry meat products, frozen and fresh in the Republic of Srpska, as well as to determine the 
resistance of the S. Infantis isolates to antimicrobial drugs. 

2.  Materials and methods 
Microbiological testing of fresh and frozen poultry meat was carried out from January to October 2016 
as part of the normal business activities in the Laboratories for Microbiology of Food, Animal Feed 
and Water, Veterinary Institute of the Republic of Srpska “Dr Vaso Butozan”. In total, 1321 samples 
were tested including: 39 grilled chickens, 244 chicken fillets, 54 chicken wings, 24 chicken meat 
samples, 136 fresh neck skins, 234 frozen neck skins, 40 livers, 265 samples of mechanically deboned 
meat, 56 thighs together with drumsticks, 14 marinated meats, 6 chicken breasts with skin and 215 
eggs. All samples were tested for Salmonella according to the method ISO 6579/Cor 2:2010 [22]. 

Further biochemical identification and serological typing was conducted on suspected colonies 
grown on solid media. Biochemical reactions (triple sugar iron, urea, lysine decarboxylase test, 
ONPG, indole production and Voges-Proskauer) were used for the biochemical identification which 
confirmed the physiological characteristics of the genus Salmonella. Serological typing of Salmonella 
isolates was by the Kauffman-White-Le Minor scheme [23], with polyvalent and monovalent antisera. 
Subtyping of isolates was conducted using the antisera O6, O7, H1;r, and H2;5 for S. Infantis, and O9, 
H1;g, and H1;m for S. Enteritidis. 

Disk diffusion according to Kirby-Bauer [25] was used for testing the susceptibility of the S. 
Infantis isolates to antimicrobial drugs. The tested isolates were first streaked on trypticase soy agar 
(TSA) and incubated for 24 h at 37°C. Salmonella suspensions were prepared in saline from the grown 
colonies corresponding to the density of 0.5 McFarland standard. Salmonella suspensions were 
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swabbed onto Mueller Hinton agar with sterile swabs (HiMedia, India), and then commercial 
antibiotic discs (Liofilchem, Italy) were placed on the plates. The S. Infantis isolates were examined 
for resistance to: streptomycin, at the level of 10 μg, cefotaxime 30 μg, cephaclor 30 mg, cephalexin 
30 mg, ceftazidime 30 mg, ceftriaxone 30 mg, kanamycin 30 mg, pipemidic acid 20 mg, amoxicillin 
30μg and nalidixic acid 30 μg. After 24 h of incubation at 37°C, inhibition zones were measured. 
Isolates that produced intermediate inhibition zones were considered resistant. 

3.  Results and discussion 
In the period from 1 January to 1 September 2016, 1321 samples of poultry meat and products were 
tested for the presence of Salmonella. A total of 108 (8.18%) of the samples contained Salmonella. 
Biochemical characterization confirmed their belonging to the genus Salmonella. Of the 108 
Salmonella isolates recovered, 6 (5.55%) were S. Enteritidis, and 29 (26.85%) were S. Infantis, 
according to the antisera used. Table 1 shows the number of isolates of S. Infantis, S. Enteritidis and 
total Salmonella according to the number and type of samples. 
 
 Table 1. The incidence of S. Infantis, S. Enteritidis and Salmonella spp. according to poultry meat and 
product type. 
 

Sample Sample size S. Infantis S. Enteritidis Salmonella 
spp. 

N + % + % + % + % 
Grilled chicken 39 1 2.56 1 100.00 0 0.00 0 0.00 
Chicken fillet 244 24 9.83 5 20.83 0 0.00 19 79.16 
Chicken wings 54 9 16.66 5 55.55 1 11.11 3 33.33 
Chicken meat 24 5 20.83 1 20.00 0 0.00 4 80.00 
Fresh neck skins 130 16 12.30 3 14.28 0 0.00 13 81.25 
Frozen neck skins 234 21 8.97 3 14.28 5 23.80 13 61.90 
Liver 40 2 5.00 1 50.00 0 0.00 1 50.00 
Mechanically deboned 
meat 

265 15 5.66 4 26.66 0 0.00 11 73.33 

Drumsticks together 
with thighs 

56 9 16.07 6 66.66 0 0.00 3 33.33 

Marinated meat 14 0 0.00 0 0.00 0 0.00 0 0.00 
Chicken breasts with 
skin 

6 4 66.66 0 0.00 0 0.00 4 100.00 

Eggs 215 2 0.93 0 0.00 0 0.00 2 100.00 
Total 1321 108 8.18 29 26.85 6 5.55 73 67.59 

 
The most frequently Salmonella-positive types of poultry were chicken breasts with skin (66.66%), 

chicken meat (20.83%), chicken wings (16.66%), drumsticks together with thighs (16.07%) and fresh 
neck skin (12.30%). 

S. Infantis, compared to the total number of isolated Salmonella, was predominant in drumsticks 
together with thighs (66.66%) and chicken wings (55.55%). 

Table 2 shows the results of testing the resistance the S. Infantis isolates to antimicrobials by the 
disc diffusion method. 
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Table 2. Antimicrobial resistance of S. Infantis isolates from poultry meat and products. 

Antimicrobial Number of 
isolates 
tested  

Number of 
resistant 
isolates 

% Number of 
sensitive 
isolates 

% 

Streptomycin 26 9 34.61 17 65.38 
Cefotaxime 29 16 55.17 13 44.82 
Cefaclor 29 12 41.37 17 58.62 
Cephalexin 29 9 31.03 20 68.96 
Ceftazidime 29 20 68.96 9 31.03 
Ceftriaxone 29 0 0.00 29 100.00 
Kanamycin 29 0 0.00 29 100.00 
Pipemidic acid 29 15 51.72 14 48.27 
Amoxicillin 26 26 100.00 0 0.00 
Nalidixic acid 29 29 100.00 0 0.00 

 
The S. Infantis isolates showed resistance to: amoxicillin and nalidixic acid (100%), ceftazidime 

(68.96%), cefotaxime (55.17%), pipemidic acid (51.72%), chloramphenicol (41.37%), streptomycin 
(33.33%) and cephalexin (31.03%), but not to ceftriaxone or kanamycin. These results coincide with 
the results of other researchers who have studied this issue [26]. 

For 20 (68.97%) of the S. Infantis isolates, multiple resistance was found to four or more 
antimicrobial drugs. The results are shown in table 3. 
 
 Table 3. Multidrug-resistant S. Infantis (number of isolates) according to poultry product sources.  
 

Antimicrobials  Grilled 
chicken 
(1) 

Chicken 
wings 
(2) 

Chicken 
fillet 
(5) 

Fresh 
skins 
(3) 

Drumsticks 
together 
with thighs 
(6) 

Frozen 
neck 
skin 
(3) 

Mechanically 
deboned meat 
(4) 

Liver 
(1) 

Chicke
n meat 
(1) 

Streptomycin NTa Rb Sc R R S S NT NT 
Amoxicillin NT R S S S NT R NT NT 
Cefotaxime R S R R R S S S R 
Kanamycin S S S S S S S S S 
Cefahlor S R S R S S R S S 
Cephalexin S R S  S S R S S 
Ceftazidime R R S R R S R S R 
Pipemidic 
acid 

R R R R R S R R R 

Nalidixic acid R R R R R S R R R 
Ceftriaxone S S S S S S S S S 
Total 4 7 3 6 5 0 6 2 4 

a NT – not tested 
b R – resistant 
c S – sensitive 
 

Research into resistance to antimicrobial drugs among foodborne microorganisms that cause 
disease is very topical. The level of antimicrobial resistance in some Salmonella is 100%, e.g. 
resistance to tetracycline, chloramphenicol, streptomycin, and sulphonamides in S. Typhimurium 
DT104 isolates. The occurrence of so-called related resistance, such as that in some S. Typhimurium 
DT104, is of particular importance since the use of one antimicrobial drug selectively acts on all 
resistance genes present, and thus, the isolates have a selective advantage in the case of administration 
of ampicillin, chloramphenicol, streptomycin, sulphonamides or tetracyclines [25]. The selection of 
resistant isolates among bacterial pathogens whose are primary reservoirs are animals is achieved by 
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selective pressure based on unjustified and excessive use of antimicrobials (or antimicrobial growth 
promoters) in the treatment or prevention of animal diseases. 

Many different Salmonella isolates exhibit multiple resistances to streptomycin, kanamycin, 
sulphonamides, tetracyclines and some ß-lactams (penicillins and cephalosporins). It has been shown 
that the plasmids that carry resistance to several antimicrobials are common among Salmonella and 
that these genes are often grouped in integrons. Integrons in Salmonella can carry genes for resistance 
to chloramphenicol, sulphonamides, tetracyclines and streptomycin. The usual resistance genes, class 
one integrons, which are common in many bacterial species, were also found in Salmonella [27]. 
Altogether, 11% of human Salmonella isolates in the US carry antimicrobial resistance genes, and 
some isolates have acquired resistance to gentamicin and the third generation of cephalosporins [8]. 

Since there are no results of previous surveillance of poultry meat or products in the markets in the 
Republic of Srpska, we clearly cannot comment on changes in the presence of Salmonella in poultry 
meat and products, but the finding of 8.18% Salmonella-positive samples is still a warning. Among the 
poultry isolates, 26.83% were S. Infantis, which is worrying, since it confirms the significant exposure 
of the human population in the Republic of Srpska to this pathogen. The occurrence of antimicrobial 
resistant, and in particular multiple-resistant, isolates of S. Infantis is also alarming. 

The presence of S. Infantis in poultry meat could be a result of poor manufacturing and hygiene 
practices in slaughterhouses and manufacturing plants, but it could also be a consequence of the 
implementation of vaccination against S. Enteritidis and S. Typhimurium, which some researchers 
have already confirmed [7,28]. Some experts define the generally increasing incidence of S. Infantis as 
the emergence of a new pathogenic microorganism causing infectious disease in humans, and which 
has occurred in a new host; alternatively, the incidence of the pathogen could be significantly 
increasing as a result of long-term changes in the epidemiology of S. Infantis [29]. 

4.  Conclusions 
Based on the results, the following conclusions can be made: 
1. In the first nine months of 2016, the incidence Salmonella in samples of poultry meat and meat 

products was 8.18%, of which 5.55% were S. Enteritidis and 26.85% were S. Infantis. 
2. S. Infantis isolates showed 100% resistance to amoxicillin and nalidixic acid. Multiple resistances 

to four or more antimicrobials were found in 68.97% of the S. Infantis poultry isolates. 
3. Having in mind that the sources, routes and methods of transmission of Salmonella in the food 

chain are inextricably linked to the risks of infection and illness in humans, epidemiological studies 
should include monitoring and typing of these pathogens in humans, and in animals intended for 
human consumption, in all phases of food production process and distribution. 

4. Poultry meat contaminated with S. Infantis poses a risk to human health, particularly children, the 
elderly and people with immunodeficiency. 

5. Raising consumer awareness regarding methods of preparing food, especially poultry meat and 
meat products (heat treatment destroys S. Infantis) is required, but also the importance of good 
hygiene practice for the food business operators, in order to avoid cross-contamination, must 
constantly be stressed. 
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Abstract. Wildlife is usually not exposed to clinically-used antimicrobial agents but can 
acquire antimicrobial resistance throughout contact with humans, domesticated animals and 
environments. Samples of faeces from intestines (80 in total) were collected from roe deer (52), 
wild boars (11), chamois (10) red deer (6) and moufflon (1). After culture on ChromID 
extended spectrum β-lactamase (ESBL) plates to select for growth of ESBL-producing 
bacteria, 25 samples produced bacterial colonies for further study. Six species of bacteria were 
identified from the 25 samples: Stenotrophomonas maltophilia, Serratia fonticola, 
Stenotrophomonas nitritireducens, Enterococcus faecium, Enterococcus faecalis and 
Escherichia coli. Two ESBL enzymes were amplified from group TEM and three from group 
CTX-M-1. Undercooked game meat and salami can be a source of resistant bacteria when 
animals are not eviscerated properly.  

1.  Introduction 
The mere occurrence of antimicrobial resistance and corresponding resistance genes in the 
environment is an ancient phenomenon, due to the simple fact that most of the antimicrobial 
substances currently in use are based on natural compounds produced by soil bacteria like 
streptomycetes [1]. The function of these antibiotics was presumably more related to microbial 
competition for ecological niches, than the role they play today in clinical settings [2,3,4].  

While various bacterial species are important in terms of multiresistance and nosocomial infections 
in humans and veterinary medicine, we consider extended-spectrum β-lactamase (ESBL)-producing 
Gram-negative bacteria like Escherichia coli as being key indicator pathogens to trace the evolution of 
multiresistant bacteria in the environment and wildlife. These multiresistant bacteria have also made 
their way into livestock farming and companion animals [5,6,7]. Although so far it is not clear how 
ESBL-E. coli make their way into the natural environment, it seems unlikely that pathogens isolated 
from wildlife have acquired resistance through new parallel mutations in respective genes. Horizontal 
transfer of resistance genes from clinical isolates or the intake of already resistant bacteria from human 
waste, sewage, or domesticated animal manure might be more probable [8,3]. Antimicrobial-resistant 
E. coli isolates originating from wildlife species were reported for the first time at the beginning of the 
1980s from Japanese wild birds [9,10,11]. However, the detection of ESBL-E. coli from wild boar was 
reported from Portugal and Czech Republic [12,13].  

Much of the Slovenian countryside (58.3%) is covered with forest, which is why wild game 
presence near farms is not unusual. In 2015, according to the Republic of Slovenia Statistical Office, 
hunters killed 33,668 roe deer, 8,367 wild boars, 6,064 red deer and 2,302 chamois, among other wild 
game species. In Slovenia, game meat is treated as high quality meat and is often served as a speciality 

http://creativecommons.org/licenses/by/3.0
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in restaurants in the form of meat dishes and dried game meat products. For these reasons, in our study 
we analysed 80 samples of intestinal content of game animals for the presence of antimicrobial-
resistant bacteria and resistance patterns. 

 

2.  Material and methods 

2.1.  Sample collection  
In 2014 and 2015, a survey throughout Slovenia was performed to screen certain game animals as a 
potential source of enteric viruses as well as antibiotic-resistant bacteria. In total, 80 samples of game 
animal intestinal content were collected from five different wildlife species, comprising 52 samples 
from roe deer (Capreolus capreolus), 11 from wild boars (Sus scrofa), 10 from chamois (Rupicapra 
rupicapra), 6 from red deer (Cervus elaphus) and 1 from moufflon (Ovis musimon). The age of the 
game animals was from 5 months to 10 years and they were culled by five Slovenian hunting families 
between July 2014 and March 2015. Samples of intestinal content of each animal were collected by 
hunters after culling. The lower part of each intestine was placed in a sterile plastic bag. Samples were 
stored at -20°C and, as soon as possible, sent to the Veterinary Faculty where they were stored below -
60°C until use. 

2.2.  Bacterial isolation and identification 
Suspensions (10%) of the intestinal contents were prepared in RPMI-1640 (Thermo Fisher Scientific, 
Carlsbad, CA, USA) and centrifuged for 10 min at 1000 g. Volumes (0.1 ml) of each supernatant were 
added to 0.9 ml of peptone water (Buffered Peptone Water, Biolife, Italy) and mixed on a vibromix 
(Tehtnica, Železniki, Slovenia). Mixtures were then incubated for enrichment at 37°C for 16-20 h. 
Subsequently, enriched mixtures were inoculated, using 10 μl sterile disposable sampling loops, onto 
selective ChromID ESBL agar plates (BioMerieux, Marcy l’Etoile, France) and incubated for 24 h at 
37°C. Representative colonies from all plates showing bacterial growth were inoculated onto blood 
agar (Blood agar base No.2, Oxoid, Hampshire, United Kingdom, supplemented with 5% ovine blood) 
and incubated for 24 h at 37°C. The next day, bacterial isolates were confirmed by matrix-assisted 
laser desorption/ionization, time of flight (MALDI-TOF, Bruker Daltonics, Bremen, Germany) and 
mass spectrometry [14]. 

2.3.  Characterization of ß-lactamases  
β-lactamase resistance genes, blaTEM, blaSHV and blaCTX-M, were screened by PCR [15,16]. The 
multiplex PCR method described by Woodford [16] did not work properly; therefore, we used the 
same primers in five singleplex reactions for each blaCTX-M group (CTX-M-1, CTX-M-2, CTX-M-8, 
CTX-M-9, CTX-M-25), respectively. The PCR products were analysed using electrophoresis on 2.0% 
agarose gels. 

3.  Results  

3.1.  Bacterial isolation and identification 
Among 80 samples of intestinal contents, 25 (31.3%) exhibited bacterial growth on ChromID ESBL 
plates. Most positive samples belonged to roe deer 16 (61.5%), followed by wild boar 7 (25.9%) and 
red deer 2 (7.4 %). According to MALDI-TOF and mass spectrometry, bacterial cultures on ChromID 
ESBL agar plates belonged to six different bacterial species Stenotrophomonas maltophilia, Serratia 
fonticola, Stenotrophomonas nitritireducens, Enterococcus faecium, Enterococcus faecalis and E. coli. 

3.2.  Detection of ESBL-producing bacteria and characterisation of ESBL 
Among the 25 positive bacterial isolates on ChromID ESBL plates, two (2.5%) were positive for the 
ESBL enzyme group, TEM. Both isolates originated from samples collected from wild boars; one 
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isolate was identified as Enterococcus faecium and the other as Enterococcus faecalis. Both intestinal 
content samples came from the same hunting family, based in the town of Škofja Loka. In Figure 1, 
typical positive PCR products are shown.  

Bacteria producing ESBL from the ESBL enzyme group CTX-M-1 were detected in 4 out of 80 
(5.0%) samples of intestinal contents. All isolates were obtained from intestinal contents of roe deer. 
Two isolates were identified as Serratia fonticola, one as Stenotrophomonas maltophilia and one as 
Stenotrophomonas nitritireducens. Three of these intestinal content samples were collected by the 
hunters from Škofja Loka while one sample came from a hunting family from Polhov Gradec (Table 
1). Both hunting families hunt in adjoining territories, on the terrain of central and Gorenjska regions.  

 
 

Table 1 Overview of the detected ESBL-producing isolates. 

Isolate 
number 

Animal 
species 

Appearance of 
isolates on 

ChromID ESBL 
plate 

MALDI –TOF 
identification 

ESBL 
enzyme 
group 

Hunting 
family 

17/14 Roe deer Blue colonies Serratia fonticola CTX-M-1 Škofja 
Loka 

18/14 Roe deer Blue colonies Serratia fonticola CTX-M-1 Škofja 
Loka 

20/14 Roe deer Yellow colonies Stenotrophomonas 
nitritireducens 

CTX-M-1 Škofja 
Loka 

30/14 Wild boar White-blue 
colonies 

Enterococcus 
faecium 

TEM Škofja 
Loka 

34/14 Wild boar White-blue 
colonies 

Enterococcus 
faecalis 

TEM Škofja 
Loka 

67/14 Roe deer White colonies Stenotrophomonas 
maltophilia 

CTX-M-1 Polhov 
Gradec 
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Figure 1. Agarose gel electrophoresis of amplified DNA of blaTEM gene of Serratia fonticola on 
2% agarose gel. (line 10 (30/14) and 12 (34/14) amplified blaTEM); DNA marker contains bands (from 

bottom to the top) of 100bp, 200bp, 300bp, 400bp, 500bp, 600bp, 700bp, 800bp, 900bp, 1000bp, 
1200bp, 1500bp, 2000bp and 3000bp. 

 

4.  Discussion 
The results show that ESBL-producing bacteria are present in wild animals. However, they reveal that 
carriage of these multiresistant bacteria is not widespread among wild game in Slovenia. We 
cultivated 25 (31.3%) multiresistant bacterial isolates that grew on ChromID ESBL agar plates, and 
only in five isolates was a resistance gene amplified. The reasons could be that the resistance is 
chromosomal in origin or some new genes are involved. Most of our multiresistant isolates were 
common soil bacteria; however, we isolated also two strains of S. fonticola. Some species of the genus 
Serratia have medical significance as opportunistic pathogens [17,18]. In addition, we isolated E. 
faecium, which can be commensal in the human intestine but it can also be pathogenic, causing 
diseases such as neonatal meningitis or endocarditis. From the genus Enterococcus, we also isolated E. 
faecalis. E. faecalis is a commensal bacterium inhabiting the gastrointestinal tracts of humans and 
other mammals. However, it can cause life-threatening infections in humans, especially in the 
nosocomial (hospital) environment, where the naturally high levels of antibiotic resistance found in E. 
faecalis contribute to its pathogenicity [19].  

The results show that undercooked game meat and dried game meat products could be a source of 
multiresistant bacteria if evisceration of game is not conducted properly in the field. In addition, a 
further study on antimicrobial-resistant bacteria in game meat should be performed to determine the 
true prevalence of multiresistant bacteria with greater certainty. 

 

5.  Conclusion  
As previously suggested, thorough spatial and temporal studies of antimicrobial resistance in different 
natural habitats are warranted [20,21] to fully understand the importance of wildlife as a source of 
antimicrobial drug resistance. 

In our study, we only determined the ESBL enzyme group. Therefore, the next step is to perform 
nucleotide sequencing from these PCR products from the 25 bacterial isolates to determine the nature 
of their antibiotic resistance genes. 
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Abstract. Because of the importance of different packaging methods for the extension of fish 
shelf life, as a highly perishable food, the aim of the present study was to examine the effect of 
vacuum and modified atmosphere packaging on the total Enterobacteriaceae and lactic acid 
bacteria counts of cold-smoked Salmon trout (Oncorhynchus mykiss) stored at 3°C during six 
weeks. Trout fillets were vacuumed packaged (VP) or packaged in one of two different 
modified atmospheres, with gas ratio of 50%CO2/50%N2 (MAP1) and 90%CO2/10%N2 
(MAP2) and analysed on days 0, 7, 14, 21, 28, 35 and 42. Both the total Enterobacteriaceae 
and total lactic acid bacteria counts increased in the trout fillets in all packaging types during 
storage. A significantly lower total Enterobacteriaceae count was determined in the MAP fish 
compared to the VP fish, with the weakest growth rate and lowest numbers attained in MAP2 
fillets. The lactic acid bacteria count was higher in trout packaged in MAP compared to VP, 
with the highest number in the MAP with 90% CO2 (MAP2). 

1.  Introduction 
Fish are gradually becoming the favoured food in many countries because of their favourable content 
of proteins, minerals, vitamins and essential fatty acids, as well as their positive ratio of n-6/n-3 fatty 
acids [1]. However, fish is highly perishable. Quality loss and subsequent spoilage of fish and fish 
products are mainly the result of microbial spoilage [2]. Fish preservation, including smoking as one 
of the oldest preservation methods, dates from prehistory, and is also used in today’s production 
process [3]. Because the modern consumer is looking for safe, high-quality food, with retained sensory 
characteristics and nutritional value of the raw material, as well as longer shelf life, various new 
packaging systems to delay the spoilage and extend the shelf life of fish and meat and their products 
were developed in the last decade [4].  

In vacuum packaging (VP), air removal ensures anaerobic/microaerophilic conditions, increases 
the CO2 and reduces pH of the product. O2 in the packaging is converted into CO2 due to respiration of 
meat tissue and bacterial activity. This prevents the growth of aerobic bacteria and allows the growth 
of facultative anaerobes. Regular vacuuming extends shelf life up to three weeks, but the food can 
become dry [5]. Therefore, food packaging in a gas mixture, i.e. modified atmosphere packaging 
(MAP), became the leading packaging technology in the 21st century. MAP basically acts similarly to 
VP, with the difference that in VP, the gas composition that inhibits microorganisms develops in the 
package during storage, while in MAP, the gas mixture in the package is modified in order to create 
the same conditions. MAP can contain a mixture of different gases (O2, CO2, N2, CO, etc.), is very 
popular for fresh meats and is frequently used because it suppresses bacterial spoilage. Depending on 
the type of meat or meat product, the gases in the packaging can be used individually or can be 
combined in different proportions in order to achieve the desirable effect. The most frequently used 
gas in MAP is CO2, which possesses strong antimicrobial activity, especially on Gram negative 
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bacteria, resulting in extended bacterial lag phase and generation time. Its inhibitory effect on the 
growth of microorganisms is concentration-dependent, and the higher the concentration of CO2 in the 
system, the higher is the inhibitory effect observed [6]. For fish and fishery products, most gas 
mixtures do not include O2 because high-O2 systems, in most cases, provide limited benefit to shelf 
life extension of fishery products. The reduction of O2 slows down lipid oxidation and the 
development of rancidity [2]. The role of N2, also used in MAP systems, is to prevent fat oxidation and 
package collapse [7,8].  

Because of the importance of the different packaging methods for extension of fish shelf life as 
well different amounts and types of gases in MAP, the aim of the present study was to investigate the 
effect of VP and MAP with two different gases on microbiological properties (total 
Enterobacteriaceae and lactic acid bacteria counts) of cold-smoked trout. 

2.  Materials and methods 

2.1.  Cold-smoked trout preparation 
Salmon trout (Oncorhynchus mykiss) used in the present study originated from the Bočac fish farm 
(Tropic, Banja Luka, Republika Srpska, Bosnia and Herzegovina), where all fish were grown and kept 
under the same conditions. Live fish were transported from the fish farm to the processing plant in 
specialised vehicles and placed into the open pools at the processing plant yard, with necessary 
conditions for proper accommodation of the fish (constant water flow, controlled oxygen and 
temperature), without feed. Trout were primarily processed, stunned, bleed and eviscerated in the 
manner usual for industrial plant. Fish weighed about 1 kg. After primarily processing, the spine was 
removed by cutting parallel to it, whereby the left and right halves were obtained. Trout halves were 
rinsed with water and immersed in barrels with 9% salt brine (wet salting) and rosemary (Quantum 
satis) during 24 hours at 4°C. After brining, fish were drained for one hour at 20°C and then smoked 
for eight hours in an automatic smoked chamber at 28°C. Smoke was produced by combustion of 
beech sawdust in a generator separated from the smoking chamber. After smoking, fish were cooled at 
2°C for ten hours, then residual parts of the ribs were removed and fish halves were sliced from the 
medial side, into thin fillets, up to 0.5cm thick, each weighing about 75g. 

 
2.2 Cold-smoked trout fillet packaging 
Cold-smoked fillets were split into three groups. The first group was vacuum packaged (VP), the 
second was packaged in modified atmosphere with 50% CO2 and 50% N2 (MAP1) and the third group 
was packaged in modified atmosphere with 90% CO2 and 10% N2 (MAP2). MAP was conducted 
using a Multivac machine (Multivac C350, D-87787 Wolfertschwenden, Germany). The packaging 
foil was OPA/EVOH/PE (oriented polyamide/ethylene vinyl alcohol/polyethylene, UPM-Kymmene, 
Walki Films, Finland) with low gas permeability (degree of permeability to oxygen 5cm3 m-2 day-1 at 
23°C, nitrogen 1cm3 m-2 day-1 at 23°C and water vapour 15g m-2 day-1 at 38°C). Packages were filled 
with commercial gas mixture (Messer Tehnogas, Serbia). The ratio of gas:fish in the packages was 
2:1. After packaging, all groups of the fish fillets were stored at 3°C for six weeks. 

 
2.3. Microbiological analyses 
Cold-smoked trout packaged in VP or MAP was analysed for total Enterobacteriaceae count and 
lactic acid bacteria (LAB) count on day 0 and on days 7, 14, 21, 28, 35 and 42 of storage. For bacterial 
enumeration, 10g of fish meat was weighed out aseptically after package opening, transferred into 
sterile Stomacher bags and 90 ml of Maximum Recovery Diluent (MRD; Merck, Germany) was added 
to each sample. Samples were homogenized in a Stomacher blender (Stomacher 400 Circulator, 
Seward, UK) for 2 min. Serial decimal dilutions were prepared and 0.1 ml of appropriately diluted 
suspension was inoculated directly on the surface of appropriate media. Enterobacteriaceae were 
enumerated on Violet Red Bile Glucose Agar (VRBGA, Merck, Germany) after incubation at 37°C for 
24h according to ISO 21528-2:2004 [9], while LAB were enumerated on MRS (Merck, Germany) 
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following incubation at 30°C for 72h according to ISO 15214:1998 [10]. After an appropriate period 
of incubation for each type of bacteria, plates were examined visually for typical colony types and 
morphological characteristics associated with each growth medium, number of colonies was counted, 
and results were recorded as colony forming units per g (CFU/g). 
 
2.4. Statistical analyses 
The experiment was conducted in a completely randomized design, six repetitions were carried out for 
each treatment and the treatments were arranged in a 3 x 7 factorial design (3 treatments, 7 storage 
periods). Numbers of microorganism were transformed into logarithms (log). Statistical analyses of 
the results were conducted using the software GraphPad Prism version 6.00 (GraphPad Software, San 
Diego, California USA, www.graphpad.com). The results were expressed as the mean±standard 
deviation. The effects of different treatments during storage period were appraised by one-factor 
analysis of variance-ANOVA with Tukey’s multiple comparison test at 95% confidence level 
(difference considered significant if p<0.05). Linear regression was used to establish the statistical 
relationship between the number of microorganisms in different packaging and storage period. 

3.  Results and Discussion 
The total Enterobacteriaceae and LAB counts and significant differences between all groups of cold-
smoked trout fillets during six weeks of storage are shown in Table 1. 

 
Table 1. Total Enterobacteriaceae count and lactic acid bacteria (LAB) count (log CFU/g) in smoked 

trout fillets during six weeks of storage (mean±SD) 
Day of 
Storage 

Total Enterobacteriaceae count LAB count 
VP MAP1 MAP2 VP MAP1 MAP2 

0 1.65A±0.20 2.51A±0.24 2.03±0.29 1.03A±0.25 1.38A±0.29 1.28±0.21 
7 2.99AB±0.82 2.29A±0.41 2.23B±0.49 2.17A ±0.32 1.77±0.47 1.57A±0.39 
14 4.67AB±0.19 2.87A±0.80 2.33B±0.15 2.47AB±0.42 1.64A±0.46 1.50B±0.40 
21 5.70AB±0.49 3.46A±0.78 3.15B±0.50 3.58AB±0.22 4.40AC±0.14 4.59BC±0.10 
28 6.08AB±0.15 1.91AC±0.30 3.51BC±0.56 5.03A±0.26 4.88B±0.10 6.01AB±0.56 
35 6.36A±0.31 5.93B±0.37 2.86AB±0.20 5.09AB±0.45 7.02A±0.19 7.11B±0.16 
42 7.01A±0.53 6.60B±0.47 4.75AB±0.17 6.20AB±0.30 6.88AC±0.38 7.32BC±0.19 
A-C same uppercase letter within rows within the same bacterial group indicates significant difference p<0.05 between 
different packaging types 

 

In all packaging types, significant increases of the total Enterobacteriaceae count were noted, 
which can also be seen based on the regression equation of each packaging type (Figure 1). The 
positive values of coefficient b in the regression equations for all packaging types indicate the trend of 
constantly increasing total Enterobacteriaceae counts. Coefficient b had the highest value in the 
regression equation for the VP fillets, and the lowest for the MAP2 fillets. This indicated the weakest 
growth rate of Enterobacteriaceae occurred in MAP2 fillets, so this type of packaging provided the 
most pronounced antimicrobial effect of CO2. 
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Figure 1. Regression equations for total Enterobacteriaceae and lactic acid bacteria counts (log 
CFU/g) in smoked trout fillets during six weeks of storage 

 
On the one hand, some authors claim that the spoilage of fish meat is correlated with the 

Enterobacteriaceae count and that the Enterobacteriaceae are the main cause of spoilage of fish meat 
and cold-smoked fish meat products, because of the ability of this family of microorganisms to grow 
at low temperatures [11,12]. On the other hand, some other authors consider that Enterobacteriaceae 
count cannot be the only indicator of spoilage, and that it can only be used as an indicator of the 
quality of fish and cold-smoked fish products [3]. The initial number of Enterobacteriaceae which 
will be present in meat is mostly affected by hygiene during the production process, but also the types 
and forms of meat. In spoilage, these organisms degrade amino acids to sulphur compounds and 
diamines (volatile, malodorous components), which affect sensory properties of the meat, on the basis 
of which the final estimate of the spoilage is made [12,13]. The results of the present study showed 
total Enterobacteriaceae counts were between 6 and 7 log CFU/g in the fish from VP and MAP1, 
while in the fish from MAP2, numbers were lower (below 5 log CFU/g) at the moment when the trout 
fillets were considered unacceptable on the basis of sensory analysis (data not shown; [14]). Although 
the total Enterobacteriaceae count found in the present study was far more than 103 log CFU/g, which 
according to the Dutch standard was considered as limit value for the total number of 
Enterobacteriaceae in fresh fish [15,16], results are in accordance with the fact that CO2, primarily in 
high concentrations, acts inhibitively on Gram negative bacteria, including Enterobacteriaceae. In 
accordance with the present study are results of others [17,18,19,20,21], in which the influence of 
MAP on fresh fish was examined, and which came to the conclusion that high levels of CO2 in the 
package (>50%) have a protective effect on the product and consequently, reduce both the total 
Enterobacteriaceae count as well as the total number of bacteria. 

On the basis of the positive values of the coefficient b in the regression equations, it can be seen 
that during the storage, the total number of LAB showed a tendency to increase in fish fillets in all 
packaging types (Figure 1). These results are in accordance with research of Arkoudelos et al. [19], 
Dondero et al. [22] and Masniyom et al. [23]. 

The dominant microbiota of fish cold-smoked products packaged in a mixture of gases 
undoubtedly depends on the gas composition. The dominant microbiota in cold-smoked fish products 
packaged in a modified atmosphere with CO2 is CO2-resistant microbiota [6]. Gram positive bacteria 
such as LAB, primarily Lactobacillus spp., Leuconostoc spp. and Brochothrix thermosphacta, are not 
sensitive to CO2, which is why they become dominant in MAP [24-27]. Also, the fact that LAB adapt 
very quickly to the environmental conditions (salt content, pH value, cold storage regime) enable these 
bacteria to become the dominant microbiota in cold-smoked fish products during storage [3]. Although 
LAB are not typical causative agents of spoilage of cold-smoked fish products, when they are in 
greater numbers they can affect the sensory properties by creating volatile components, and 
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consequently create typical odour defects. Even so, Patsias et al. [28] consider that the spoilage that 
occurs due to an increase in LAB numbers is less offensive than in the case of spoilage caused by the 
growth of aerobic bacteria. The results of the present study showed higher LAB counts in fish 
packaged in MAP compared to VP, with the highest number in the trout packed in MAP with 90% 
CO2. The explanation may be the fact that CO2 inhibited the activity of some groups of potentially 
competitive microorganisms, which led to uninterrupted growth of LAB. Competition for substrates 
and microbial antagonism are considered to be the most important factors in the survival of specific 
microorganisms/microbiota in a particular ecological niche [29]. The lack of competition among the 
various bacterial species, due to the environment conditions, likely promoted undisturbed growth of 
LAB on fillets packaged in MAP, which is the case in the present study [3].  
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Abstract. Bulk tank milk somatic cell counts are the indicator of the mammary gland health in 
the dairy herds and may be regarded as an indirect measure of milk quality. Elevated somatic 
cell counts are correlated with changes in milk composition The aim of this study was to assess 
the somatic cell counts that significantly affect the quality of milk and dairy products. We 
examined the somatic cell counts in bulk tank milk samples from 38 farms during the period of 
6 months, from December to the May of the next year. The flow cytometry, Fossomatic was 
used for determination of somatic cell counts. In the same samples content of total proteins and 
lactose was determined by Milcoscan. Our results showed that average values for bulk tank 
milk samples were 273,605/ml from morning milking and 292,895/ml from evening milking. 
The average values for total proteins content from morning and evening milking are 3,31 and 
3,34%, respectively. The average values for lactose content from morning and evening milking 
are 4,56 and 4,63%, respectively. The highest somatic cell count (516,000/ml) was detected in 
bulk tank milk sample from evening milk in the Winter and the lowest content of lactose was 
4,46%. Our results showed that obtained values for bulk tank milk somatic cell counts did not 
significantly affected the content of total proteins and lactose. 

1.Introduction 
Bovine mastitis is the most prevalent and costly disease, affecting dairy farms worldwide. Economic 
losses associated with mastitis derive mainly from a decrease in milk production and to a lesser extent, 
from the culling of chronically infected cows, cost of veterinary treatment, and penalties on milk 
quality 1. Bovine mastitis is characterized by inflammation of the mammary gland. The 
inflammation severity depends on the causative agent and the host response. Resident and recruited 
cells together play an essential role in immediate defense against local infection 2. Somatic cells are 
therefore a reflection of the inflammatory response to an intramammary infection. The somatic cell 
counts (SCC) for an uninfected quarter is approximately 70, 000 cells. There is variation around this 
mean, so its value can increase with age, decreasing milk production and days in milk period 3. Bulk 
tank SCC is a general indicator of the udder health in a herd and it is also regarded as an indirect 
measure of milk quality 4. Elevated SCC, are correlated with changes in milk composition, casein 
and more serum-derived whey proteins, as well as increased proteolytic and lipolytic activities 5.  
Researches has defined the "gold standard" somatic cell counts up to 100,000 cells / ml, and values 
greater than 100,000 cells / ml are considered to result in the reduction of production and quality of 
milk during processing 6. The increase in the number of somatic cells in the milk is followed by 
change in the chemical composition of milk by lowering casein, lactose, calcium, and an increase of 
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sodium, chloride and serum proteins. In dairy herds, where the somatic cell counts are greater than 
300,000/ml milk, are proposed to be present a mastitis problem in herd, and such milk is less suitable 
for the processing 7 Due to the reduced secretory capacity of the mammary gland cells in mastitis, 
the percentage of lactose in milk is decreased. In addition, milk with high somatic cell counts can 
contain microorganisms whose presence in milk can pose a risk to human health especially to 
vulnerable population 8 The aim of this study was to assess the number of somatic cells that 
significantly affect the quality of milk. 
 
2. Materials and methods 
The material represented 38 bulk milk samples of morning and evening milking from 38 farms during 
the period of 6 months, from December to the May of the next year. The samples were taken from the 
tank, not preserved and the analyses started in the laboratory in 6 hours after sampling. The content of 
total proteins, lactose and somatic cell counts were determined in the samples. Somatic cell counts 
were determined by flow-cytometry by Fossomatic 5,000. The total content of proteins and lactose in 
bulk tank milk samples were determined by Milcoscan.  
 
3. Results and discussion 
The results of determination of total proteins, lactose content and SCC counts from morning milking 
and evening milking are presented in the Table 1 and 2. 
 

Table 1 Results of determination of total proteins, lactose content and somatic cell counts from 
morning milking 

 

Stat. param. 
Total proteins 

(%) 
Lactose 

(%) 
SCC/ml 

Average 3,31 4,56 273,605 

Standard dev. 0,11 0,05 80,357 

Min 3,02 4,49 75,000 

Max 3,47 4,67 446,000 

Varition (%) 3,21 1,03 29,370 

 
 
Stat. param. Total proteins 

(%) 
Lactose 

(%) 
SCC/ml 

Average 3,31 4,56 273,605 

Standard dev. 0,11 0,05 80,357 

Min 3,02 4,49 75,000 

Max 3,47 4,67 446,000 

Varition (%) 3,21 1,03 29,370 

       
The obtained results showed that the average value for SCC in the winter from morning milking was 
273,605 cells per ml, and the content of total proteins and lactose was 3.31% and 4.56% respectively. 
The somatic cell counts ranged from 75 to 446,000/ml. Nineteen bulk tank milk samples had lower 
somatic cell count from 250,000 cells /ml and only 1 sample had a value of less than 100,000 and 3 
samples of over 400,000 (Table 3).  
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Table 2 Results of determination of total proteins, lactose content and somatic cell counts from 
evening milking 

 
Stat. param. Total proteins 

(%) 
Lactose 

(%) 
SCC/ml 

Average 3,34 4,63 292,895 

Standard dev. 0,19 0,23 72,743 

Min 3,06 4,47 168,000 

Max 4,41 5,56 516,000 

Varition (%) 5,89 4,97 24,836 

       
 

Stat. param. 
Total proteins 

(%) 
Lactose 

(%) 
SCC/ml 

Average 3,34 4,63 292,895 

Standard dev. 0,19 0,23 72,743 

Min 3,06 4,47 168,000 

Max 4,41 5,56 516,000 

Varition (%) 5,89 4,97 24,836 

 
 
The obtained results showed that the average value for SCC in the winter from evening milking was 
292.895 cells per ml, and the content of total proteins and lactose was 3.34% and 4.63% respectively. 
The somatic cell counts ranged from 168 to 516 cells × 103 / ml. Twelve samples of raw milk had 
lower somatic cell count of 250,000 cells /ml. in no one saple the number was lower than 100,000., 
and in four samples the number was higher than 400,000/ml. Total protein content ranged from 3.06 to 
4.41, and lactose from 4.47 to 5.56.  

The content of total proteins and lactose is slightly higher in bulk tank milk samples from evening 
milking as result in season variation 3.9 reported a significant decrease in casein content when 
either Holstein or Guernsey milk exceeded SCC of 500,000; depression was greater above one million 
SCC. SCC above 500,000 has been associated with poor quality cheese because of increased rennet to 
cutting time and lower curd firmness. The mastitis or elevated SCC is associated with a decrease in 
lactose, α-lactalbumin, and fat in milk because of reduced synthetic activity of mammary tissue 10. 
With higher SCC, the concentrations of serum albumins and immunoglobulins increase which reduces 
heat stability of mastitis milk, causing coagulation, or flocculation during pasteurization. 11 
investigated the relationship between SCC and composition (total solids, fat, protein and lactose 
content) of milk from individual Holstein cows and indicated that SCC of individual cow’s milk 
significantly correlated with a decrease in milk constituents only under conditions of average SCC in 
bulk milk above 1,000,000 /ml. Negative correlation between lactose and chloride content was 
detected in cows diagnosed with subclinically mastitis with high SCC 12. 

In Table 3 are presented the results of somatic cell counts in bulk tank milk samples from the 
morning and evening during six months- 
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Table 3 The results of somatic cell counts in bulk tank milk samples from the morning and evening 
during six months 

 
Stat. param. December 

m 
January 

e 
February 

m 
March 

m 
April 

m 
May 

e 

Average 273,605 292,895 270,026 254,974 256,316 295,895 

Standard dev. 80,357 72,743 87,765 93,736 93,310 74,539 

Min 75,000 168,000 101,000 111,000 58,000 142,000 

Max 446,000 516,000 499,000 483,000 463,000 496,000 

<100 1 0 0 0 1 0 

<250 19 12 18 21 16 10 

>250 15 22 16 13 18 24 

>400 3 4 4 4 3 4 

Varition 29,370 24,836 32,502 36,763 36,404 25,191 

 
Legend: m-morning milking; e-evening milking 
 
The highest value for SCC (516,000/ml) was in bulk tank milk samples from evening milking in the 
Winter (the January) and the lowest (58,000/ml) in the April. 

The process of using bulk tank milk analysis in useful tool in improving milk quality and herd 
mammary health. It should be kept in mind that although individual cow samples for milk culture and 
SCC are more definitive for diagnosis and monitoring of udder health, Bulk tank milk analysis is less 
expensive, more convenient, and faster than testing milk samples from individual animals or groups of 
cows. When the SCC of bulk tank milk is interpreted within the context of the farm's management 
practices, this information provides a basis for evaluating current and potential milk quality and 
mastitis problems in a herd.   
 
4. Conclusions 
The process of using bulk tank milk analysis in useful tool in improving milk quality and herd 
mammary health. Our results showed that average values for bulk tank milk samples was 273,605/ml 
from morning milking and 292,895/ml from evening milking. The average values for total proteins 
content from morning and evening milking are 3,31 and 3,34%. The average values for lactose content 
from morning and evening milking are 4,56 and 4,63%. The highest SCC (516,000/ml) was detected 
in bulk tank milk sample from evening milk in Winter. The highest SCC (516,000/ml) was detected in 
bulk tank milk sample from evening milk and the lowest content of lactose was 4,46%. The obtained 
values of bulk tank milk somatic cell counts did not significantly affect the content of total proteins 
and lactose. 

Proper milking techniques, improved sanitation, effective use of teat, dipping and dry period 
therapy and improvement in management may reduce SCC by reducing the spread of new infections. 
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Abstract. Smoking techniques have been progressively improved and different procedures 
have been developed in different regions for treating fish. In these times, the technology is 
mainly used for enrichment of fish with specific taste and odour, to extend the shelf-life of 
these perishable products and appearance required widely on the market. A lot of chemical 
contaminants such as polycyclic aromatic hydrocarbons (PAHs) are formed during the 
combustion of fuel in the smoking process. PAHs are a group of compounds that have been the 
subject of great concern in the recent years due to their toxic, mutagenic and/or carcinogenic 
potentials to humans. These fact can have a significant impact on the acceptance of these 
products by consumers. In this review article, the objective is to describe factors affecting 
elimination of polycyclic aromatic hydrocarbons from traditional smoked common carp meat. 

1.  Smoked common carp meat 
Food smoking is one of the oldest food technologies which mankind has used for at least 10 000 years 
[1,2]. Production of smoked meat is very popular and smoked meat presents a significant part of the 
human diet in Serbia and our region, which makes smoked products very popular and consumed quite 
often and traditional uncontrolled smoke kilns are still widely being used [3]. 

The fish processing industry is not well developed in our country because for many years the 
amount of fish was just not enough and also because of the consumers' habits [4]. The consumption of 
smoked fish in our country is lower compared to other countries in the EU, but it shows the tendency 
for the significant increase [5]. Within this type of the fish products, the smoked carp, silver carp and 
trout meat is available in our country and the most famous smoked fish meat is smoked common carp 
meat [6]. 

Consumers prefer smoked fish due to several reasons such as taste, amount of essential fatty acids, 
and readiness to eat [7]. In these times, the technology is mainly used for enrichment of fish with 
specific taste and odor, to extend the shelf-life of these perishable products and appearance required 
widely on the market. About 15% of the total quantity of fish for human consumption in Europe is 
offered on the market in the form of either cold- or hot-smoked products [8]. Traditional smoking 
involves treating of pre-salted, whole, eviscerated or filleted fish with wood smoke. The most often, 
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smoke is produced by smouldering wood and shavings or sawdust in the oven, directly below the 
hanging fish or fillets, laid out on mesh trays.  

Fish contains n-3 polyunsaturated fatty acids (PUFAs) that appear to play several useful roles for 
human health [9]. Conversely, potential health hazards could be associated with smoked foods may be 
caused by carcinogenic components of wood smoke – mainly polycyclic aromatic hydrocarbons 
(PAHs), derivatives of PAHs, such as nitro-PAHs or oxygenated PAHs, and to a lesser extent also N-
nitroso compounds and heterocyclic aromatic amines [10]. These fact can have a significant impact on 
the acceptance of these products by consumers. 

2.  Polycylic aromatic hydrocarbons - PAHs 
A lot of chemical contaminants such as polycyclic aromatic hydrocarbons (PAHs), dioxins, 
formaldehyde, nitrogen and sulphur oxides are formed during the combustion of fuel in the smoking 
process [11]. PAHs are a group of compounds that have been the subject of great concern in the recent 
years due to their toxic, mutagenic and/or carcinogenic potentials to humans. PAHs comprise the 
largest class of chemical compounds known to be cancer causing agents. Some, while not 
carcinogenic, may act as synergists. The main route of exposure to PAHs for non-smokers and non-
occupationally exposed individuals is through food consumption [12, 13]. 

PAHs have been detected in food, both raw/non-processed and processed foods. The presence of 
PAHs in raw foods is associated with environmental pollution [14]. PAHs are found ubiquitously, 
such as water, air, soil, and, therefore also in food [7]. Due to their lipophilicity, persistence and high 
toxicity, a lot of studies have shown that in the aquatic habitat, many organisms, such as fish and 
shellfish, readily accumulate PAHs from the environment and store them in their tissues reaching 
levels higher than those in the ambient medium [15,16,17,18]. 

In fact, the International Agency for Research on Cancer classifies some PAHs as known, possibly, 
or probably carcinogenic to humans (Group 1, 2A or 2B). Among these are benzo[a]pyrene (Group 1), 
naphthalene, chrysene, benz[a]anthracene, benzo[k]fluoranthene and benzo[b]fluoranthene (Group 
2B) [19]. Some PAHs are well known as carcinogens, mutagens, and teratogens and therefore pose a 
serious threat to the health and the well-being of humans. 

3.  Factors affecting occurrence and concentrations of PAHs in smoked products 
Smoke production in modern smoking ovens is closely controlled and the removal of PAHs and other 
undesirable compounds is facilitated by the smoke generators being separated from the smoking 
chamber. In contrast, in traditional smoking conditions, very high combustion temperatures are 
reached and the foodstuff is in direct contact with all components of the smoke generated. Direct 
exposition of meat products to smoke brings about higher concentrations of PAHs as compared to 
indirect methods, when PAHs are partially eliminated by condensation in tars [2,20]. Reports that 
PAH levels in traditional smoked foods can reach high levels have in recent years prompted 
considerable interest in their quantification and control. 

The composition and amount of PAHs depend upon numerous factors, such as the composition and 
type of wood as well as moisture content, oxygen accessibility, the temperature of smoke generation, 
smoking duration etc. [2, 21, 18]. Also, deposition and penetration of smoke components into smoked 
fish depends on natural content of PAHs in raw fish, water activity of the food, fat content, heat 
source, distance of heating, design of the food device, drainage of fat etc. [21, 7]. Even, there is 
evidence showing that female fish exhibited significantly lower mean ΣPAH concentrations than male 
in all examined the species, except for Liza abu [22]. 

Wood composition, especially lignin content, also influences the levels of PAHs produced [20]. 
Also, the use of hardwoods instead of softwoods has been recommended to reduce the presence of 
PAHs in smoke and in smoked foods too [21]. 

Temperature of smoke generally plays a very important role, because the amount of PAHs in 
smoke formed during pyrolysis increases linearly with the smoking temperature within the interval 
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400–1000°C [20]. In addition, PAHs can also be formed at lower temperatures [18]. Also, 
concentration of PAHs in the smoke increased when the materials were burnt with flames [23, 24].  

Simko et al. (1991) have shown the decrease in benzo[a]pyrene content caused by dehydration of 
product that confirmed the effect of moisture content on PAHs concentration in smoked food [25]. 

There is a positive relationship between lipid content and PAH residual levels. PAHs are lipophilic 
in nature and usually accumulate in the fatty tissues of organisms. This provides further evidence that 
the lipid content of the tissues is the determining factor in the bioaccumulation of PAHs by fish. The 
formation of PAHs is known to occur through pyrolysis of fat at temperatures above 200 °C and it is 
highly stimulated at temperatures over 700 °C [7]. Pyrolysis of other organic matter such as proteins 
and carbohydrates might be involved, but the greatest concentrations of PAHs have been shown to 
arise from fat pyrolysis. This provides further evidence that the lipid content of the tissues is the 
determining factor in the bioaccumulation of PAHs by fish [26, 27, 28].  

Group of authors Babic et al. have proved that application of charcoal filter [4], zeolite filter [3] 
and gravel filter [29] in production of smoked common carp meat decrease the PAHs content. 

The package of smoked food into appropriate packaging material could also remarkably decrease 
the PAH content [2]. The highest concentration of PAHs in smoked food usually occur at the food 
surface and maximum concentration of PAHs is immediately after finishing the smoking, then it 
decreases due to light decomposition and interaction with present compounds [28]. 

4.  Conclusions  
Studies focused on the effects of smoking on the potential changes, increases or decreases, of chemical 
contaminants such as PAHs in smoked common carp meat are very important because this may be a 
contributing factor to the recent increases in prevalence rates in cases of cancer in our country.  

There is therefore a need to educate manufacturers about safe smoking practices, and also most 
importantly to adopt their procedure that would reduce PAHs content in smoked common carp meat 
with traditional kilns in order to ensure the health safety of consumers. Levels of contamination can be 
significantly reduced under controlled conditions accepting good manufacturing practice principles 
using current knowledge and appropriate technological equipment. 
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Abstract. Various European Union pork chain actors and stakeholders agreed in 2010 on a road 
map to voluntarily abandon piglet castration by 1 January 2018. Because currently in Serbia, male 
piglets are surgically castrated and consumers are not used to the boar taint odour and flavour, the 
introduction of boar meat may modify the acceptability of pork. The objective of the study was to 
investigate the attitudes, awareness and opinions of future Serbian food technologist towards 
surgical castration of boars and its alternatives, and to test their sensitivity to androstenone and 
skatole. We found that they were concerned about the animal welfare issues and that they were 
willing to pay a little more for meat from animals treated with dignity. This was more so if they 
were females and less so if they had had a rural upbringing. They strongly believed that surgical 
castration is painful for the animals, but at the same time agreed that meat from castrated pigs is of 
better quality. Their ambiguous attitudes regarding efficacy and quality of alternatives to surgical 
castration clearly indicated the knowledge gap that must be filled by appropriate modifications of 
the curriculum. Students demonstrated average sensitivity to both androstenone and skatole. 
Females exhibited higher intensities of difference in both cases. 

1.  Introduction 
 
Boar taint is an offensive odour and flavour present in meat from some non-castrated male pigs. This 
defect has principally been ascribed to androstenone (sex steroid produced by testes) and skatole (product 
of bacterial degradation of tryptophan in the gut). Surgical castration of male piglets is a standard practice 
in pork production to prevent this boar taint in meat. Due to the different odours of androstenone (urine or 
sweat like) and skatole (faecal), it is likely that both substances contribute separately in an additive 
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manner to off-odour, but they differ in their origin, chemical properties and the likelihood of consumer 
reactions. Their relative contribution is determined by both the sensitivity of consumers and the frequency 
of carcasses with high concentrations of the respective substances [1]. In contrast to androstenone, skatole 
is perceived by 99% of consumers, but the percentage of boar carcasses high in skatole concentrations is 
much lower than the percentage of carcasses with high androstenone concentrations [2]. Previous study 
also showed that only those consumers who perceive the odour of pure androstenone as unpleasant clearly 
differentiated tainted from non-tainted entire male pork [3]. 

In Europe, the proportion of male pigs that are left entire (uncastrated) has been high for many years in 
the British Isles and Iberian Peninsula, and has recently increased in The Netherlands and to a lesser 
extent in Germany, Belgium and France. Various European Union pork chain actors and stakeholders 
agreed in 2010 on a road map to voluntarily abandon piglet castration by 1 January 2018 [4]. With regard 
to meat quality, the main challenges in pork production with entire males concern firstly, the reduction of 
boar taint and secondly, altered meat technological properties [5-7]. As no rapid online detection method 
for boar taint is yet available, complete non-castration poses risks because consumers could reduce their 
consumption of pig meat due to the presence of boar-tainted meat [8]. 

In Serbia, surgical castration is most frequently performed without anaesthesia. The procedure, as 
traditionally performed, negatively affects performances and is painful [9], the latter reason being why 
surgical castration is performed with pain treatment or has been abandoned in several countries where 
animal welfare has been a growing concern [10]. When abandoning castration, it is necessary to find 
alternative solutions to prevent this taint defect in meat. One of the promising alternatives to surgical 
castration effectively preventing boar taint is immunocastration [11]. Today, immunocastration is an 
alternative to the production of entire male pigs. The main problem for the wider use of immunocastration 
seems to be the fear related to consumer acceptance [5]. 

Because today in Serbia, male piglets are surgically castrated and as the consumers are not used to the 
boar taint odour and flavour, the introduction of boar meat could modify consumer acceptability of pork. 
The data collected by the Serbian Chamber of Commerce shows that, in 2015 alone, Serbia imported 
20,100 tons of pork (€40.8 million) mostly from Spain, Hungary and Germany. The same year, Serbia 
exported 12,000 tons of pork valued at €24.3 million [12]. The lack of knowledge of future Serbian food 
technologist about the production of entire males (EM) or immunocastrates (IC) would lead to their 
inability to cope with the challenges in management of product quality (detecting and reducing boar taint, 
coping with extreme leanness), further compromising the competitiveness of the Serbian pork sector in 
the future. 

The objective of the present study was, therefore, to investigate the attitudes, awareness and opinions 
of future Serbian food technologist towards surgical castration of boars and its alternatives, and to test 
their sensitivity to androstenone and skatole. We believe that insights in their attitudes towards this 
important and contemporary animal welfare and meat technology issue and the identification of probable 
knowledge gaps will be useful to better coordinate and target their upcoming training on this topic. 

 

2.  Materials and methods 

2.1.  Survey  
The survey of 100 randomly selected food technology students (undergraduate and postgraduate studies) 
at the University of Belgrade – Faculty of Agriculture – on the perception of castration of male pigs was 
conducted during 2017. A brief 15 minute introduction about surgical and immunocastration of piglets 
was presented to the students prior to the survey.  

A structured questionnaire was developed and consisted of three sections. The first section included 
general demographic information about the respondents. The second section explored 13 statements 
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related to the castration of male pigs from the welfare (6 items) and economic (2 items) points of view 
and meat preferences and beliefs (5 items) giving the respondents the opportunity to rate their degree of 
agreement on a seven-point Likert scale: 1 “Disagree very strongly”, 2 “Disagree strongly”, 3 “Disagree”, 
4 “Neither agree nor disagree”, 5 “Agree” 6 “Agree strongly” to 7 “Agree very strongly” (Table 1). The 
third section gave the respondents the opportunity to state their attitudes towards surgical castration and 
immunocastration using a 7-point scale (1 – "Harmful / Easy / Bad" 4 – “Neither harmful nor beneficial / 
Neither easy nor difficult / Neither bad nor good”, 7 – “Beneficial / Difficult / Good”). 

2.2.  Triangle test 
Triangle tests were performed to evaluate whether assessors (students) could differentiate paper strips 
with spiked solution of androstenone (A) and skatole (S) from blank paper strips. Sixteen assessors (8 
male and 8 female postgraduate students) participated in the triangle test, and replicated their evaluations 
twice. This made a total of 32 evaluations for each compound. Half of the assessors (4 male and 4 
females) participated in first test where the odd sample (paper strip with compound “B”; blank paper strip 
“A”) had the following combination for the two replications: (AAB, ABA, BAA). The second test was 
presented to the other half of the assessors with the following combination of strips for the two 
replications (AAB, ABA, BAA, BBA, BAB, ABB) [13, 14].  

Instructions to the participants included (i) a presentation of the task; (ii) the obligation to evaluate the 
samples in the imposed order; (iii) the obligation to give a response; (iv) the possibility of giving their 
opinion on the degree of difference between the sample they chose and the others by circling one of the 
following descriptors which most closely described the intensity of difference (0 = none; 1 – very slight; 2 
– slight; 3 – moderate; 4 – large; 5 – extreme). 

 

2.3.  Statistical processing 
The 13 statements considered in the survey were subjected to a principal component analysis (PCA) to 
gain a better understanding of the overall correlations in the data set. A Varimax orthogonal rotation was 
employed to aid interpretability. The Mann-Whitney U test was carried out to determine if statistically 
significant differences exist between genders or place where students were born and raised (rural or 
urban).  

For the triangle test, the null hypothesis is H0: nc = 1/3 n, with nc = observed number of correct 
responses and n = total number of responses. The alternative hypothesis is H1: nc > 1/3 n. The critical 
number of correct responses to reject H0 at α = 0.05 in favour of H1 was obtained from the binomial 
distribution [13, 14].  

All data were analysed using SPSS Statistics 17.0 (Chicago, Illinois, USA) data analysis software. 

3.  Results and discussion 

3.1.  Attitudes of students towards surgical and immunocastration of boars 
Out of 100 students who participated in the study, three questionnaires were excluded because of failure 
to answer 50% or more of the questions, and 97 questionnaires were further processed. Demographic 
profiling showed that female students prevailed (63.9%). Approximately half of respondents grew up in 
rural surroundings (52.6%) while 47.4% of them grew up in urban areas. 



4

1234567890

59th International Meat Industry Conference MEATCON2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 85 (2017) 012087    doi   :10.1088/1755-1315/85/1/012087 
 
 
 
 
 

 

 

Figure 1. Principal component analysis loadings plot.  
(Explanation of the abbreviations given in Table 1) 

 
 

A PCA was run on the 13 statements about castration of male pigs. The suitability of PCA was 
assessed prior to analysis. The overall Kaiser-Meyer-Olkin (KMO) measure was 0.688. Bartlett’s test of 
sphericity was statistically significant (p < 0.0005), indicating that the data was likely factorizable. PCA 
revealed three components that had eigenvalues greater than one. Visual inspection of the scree plot 
indicated that these components should be retained [15]. In addition, a three-component solution met the 
interpretability criterion. As such, three components were retained and this solution explained 56% of the 
total variance. The rotated solution exhibited 'simple structure' [16]. The interpretation of the data was 
consistent with the statements the questionnaire was designed to measure, with strong loadings of 
“Castration” items on Component 1, “Welfare” items on Component 2, and “Finance” items on 
Component 3 (Figure 1). Only the item ‘pig castration with vaccines improves pork quality’ is not well 
explained by any of the three principal components. 

On average, Serbian food technology students strongly agreed that surgical castration produces pain to 
the animals (6.1) and believe that taking care of animal welfare produces meat of higher quality (5.9) 
(Table 1). They were willing to pay a little more for meat from animals treated with dignity (5.3) and they 
were worried about welfare of animals for human consumption (5.2). They consider that meat from 
castrated male pigs is of better quality (5.1) while believing that surgical castration of animals is cruel 
(5.1). Female students were more concerned about animal welfare issues and were significantly more 
convinced that taking care of animal welfare produces meat of higher quality. 

On average, students had no preference about eating meat of castrated pigs (4.2), or willingness to pay 
a little more for meat from castrated pigs (4.1). They neither agreed nor disagreed whether meat from 
castrated pigs is more expensive (4.1), whether castration of animals for human consumption is necessary 
(3.9), or if pig castration with vaccines improves pork quality (3.7) and whether ensuring animal welfare 
means to eat meat that is more expensive (3.7). Finally, they strongly disagreed with the statement that it 
does not matter if we mistreat the animals because at the end we eat them. Students who were raised in 
rural environments were less convinced that surgical castration is cruel, while the statement that ensuring 
animal welfare means to eat meat that is more expensive was more agreeable to students raised in urban 
environments (data not shown). 
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Table 1. Statements about the castration of boars given by the male and female food technology students 

Statements  Male Female Total 

N 35 62 97 

Surgical castration produces pain to the animal (CW) 6.0 ± 1.1 6.1 ± 1.2 6.1 ± 1.2 

Taking care of animal welfare produces meat of higher quality (WQ) 5.5 ± 1.5a 6.1 ± 1.1b 5.9 ± 1.3 

Meat from castrated pigs is of better quality (CQ) 5.3 ± 1.5 5.0 ± 1.3 5.1 ± 1.4 

The meat from castrated pigs is more expensive (CE) 4.2 ± 1.4 4.1 ± 0.9 4.1 ± 1.1 

I am willing to pay a little more for meat from castrated pigs (CP) 4.3 ± 1.6 4.0 ± 1.4 4.1 ± 1.5 

I am worried about welfare of animals for human consumption (WC) 4.9 ± 1.4 5.4 ± 1.1 5.2 ± 1.2 

The castration is not necessary (CN) 3.9 ± 1.6 4.0 ± 1.8 3.9 ± 1.7 

I am willing to pay a little more for meat from animals treated with dignity (WP) 4.9 ± 1.4a 5.6 ± 1.3b 5.3 ± 1.4 

The surgical castration is cruel (CC) 4.6 ± 1.9a 5.4 ± 1.2b 5.1 ± 1.6 

Does not matter if we mistreat the animals because at the end we eat them (EE) 2.1 ± 1.0 1.9 ± 1.5 2.0 ± 1.3 

I prefer to eat meat of castrated pigs (PC) 4.5 ± 1.4 4.1 ± 1.6 4.2 ± 1.5 

To ensure animal welfare means to eat meat that is more expensive (WE) 3.7 ± 1.7 3.8 ± 1.6 3.7 ± 1.6 

Pig castration with vaccines improves pork quality (VQ) 3.6 ± 1.7 3.8 ± 1.4 3.7 ± 1.5 

Note: Items denoted with different letters within a row are significantly different at the level of 5%. 
(1) “Disagree very strongly”, (2) “Disagree strongly”, (3) “Disagree”, (4) “Neither agree nor disagree”, (5) “Agree”, (6) “Agree 
strongly”, (7) “Agree very strongly”. 

 
Students also believed that surgical castration is neither harmful nor beneficial (4.3 ± 2.2; 1 

“Harmful”, 4 “Neither harmful nor beneficial”, 7 “Beneficial”), that surgical castration is neither easy nor 
difficult (3.7 ± 2.2; 1 “Easy”, 4 “Neither easy nor difficult”, 7 “Difficult”) and that pig castration with 
vaccines is neither good nor bad (4.3 ± 2.1; 1 “Bad”, 4 “Neither good nor bad”, 7 “Good”). 

3.2.  Triangle test 
The sensory analysis showed that the paper strips loaded with androstenone can be distinguished as 
different (n=32, nc=23) at the level of α=0.05. With 95% confidence level, at least 38% of the consumers 
could distinguish the two samples. It seems that the percentage of consumers sensitive to androstenone 
assessed in our study was a little lower compared to the general average of 45% [17]. The average degree 
of difference for correct answers was 1.9 ± 1.6 with no significant difference between correct and 
incorrect answers (p≥0.05). Female assessors ranked the degree of difference higher compared to male 
assessors (2.00 opposed to 1.75). Our result is in agreement with a previous general conclusion that 
sensitivity of consumers to androstenone is higher in women than in men [17]. 

The sensory analysis showed that the paper strips loaded with skatole can be distinguished as different 
(n=32, nc=24) at the level of α=0.05. With 95% confidence level, at least 44% of the consumers could 
distinguish the two samples. The average degree of difference for correct answers was 4.0 ± 1.0 with no 
significant difference between correct and incorrect answers (p≥0.05). Female students who noticed the 
differences responded that the degree of difference was higher (4.50) compared to male students (3.42). 

 

4.  Conclusions 
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It is obvious that future Serbian food technologist are concerned about the animal welfare issues and that 
they are willing to pay a little more for meat from animals treated with dignity. This was more so if they 
were females and less so, if they had had a rural upbringing. They strongly believed that surgical 
castration is painful for the animals, but at the same time, agreed that meat from castrated pigs is of better 
quality. Their ambiguous attitudes regarding efficacy and quality of alternatives to surgical castration 
clearly indicate a knowledge gap that must be filled by appropriate modifications of the curriculum. 
Students demonstrated average sensitivity to both androstenone and skatole. Females exhibited higher 
intensities of difference in both cases.  
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