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Preface

It is our pleasure to welcome you to the 61% International Meat Industry Conference
(MEATCON2021) to be held at Mt. Zlatibor, Serbia, on September 26-29" 2021, traditionally
hosted by the Institute of Meat Hygiene and Technology, Belgrade, Serbia.

For many years, this Conference has been the converging point for food/feed scientists, experts
from the industry and legislation sphere, members of the professional associations, and other
entities striving towards a common goal: healthy food for the present and future. The rapid
development of scientific and technological research in the areas of food/feed technology,
safety, quality, regulatory, environmental, and numerous other fields imposed the necessity for
a synthetic approach to food-related challenges. Such an approach is primarily governed by
understanding the complexity of food science that is taking place within the scientific
community for the past two decades. Hence our commitment to the multidisciplinary nature of
the Conference.

This three-day gathering will try to maintain its holistic character, presenting the latest research
in food and feed production and technology, quality and safety issues, risk-assessment,
consumer-related concerns, governmental actions, and strategies — with 111 contributions
submitted for publication. Each paper has been peer-reviewed through a rigorous process that
included conference committee members and international reviewers, and an English language
editorial service. We are excited to publish all the contributions to the Conference in this
volume, hoping that its contents shall be helpful to Conference participants and other interested
readers.

The 61% International Meat Industry Conference also provides the opportunity for fellow
scientists to meet, exchange experiences, and perhaps agree on future joint scientific
endeavours. Carefully selected speakers from Serbia and abroad will present their latest
research through plenary lectures, invited lectures on specific topics, and poster presentations.
Formats such as round tables and workshops are also available to disseminate knowledge and
experience.

The Conference has been supported by: Ministry of Education, Science and Technological
Development of the Republic of Serbia, Ministry of Agriculture, Forestry and Water
Management of the Republic of Serbia — Veterinary Directorate and Chamber of Commerce
and Industry of Serbia. Co-organizers of the Conference are the Faculty of Veterinary
Medicine, University of Belgrade, Faculty of Agriculture, University of Belgrade, and Institute
of Food Technology, University of Novi Sad.

Target audience:

- Food scientists and researchers

- Food technologists

- Scientists and researchers in the area of food quality and safety

- Food professionals from manufacturing, retail, foodservice industry...

- Governmental officials and policymakers in the area of food quality and security
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On behalf of the Programme Committee, we would like to thank all contributing authors,
reviewers, speakers, participants, Organizing Committee, and sponsors who contributed to the
success of the MEATCON2021.

Dr Srdan Stefanovi¢

Chairman of the Programme Committee
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Goat meat products

S Stajic! and B Pisinov?

! University of Belgrade, Faculty of Agriculture, Department of Animal Source Food
Technology, Nemanjina 6, Belgrade, Republic of Serbia

2 Institute of Veterinary Medicine of Serbia, Department of Food Safety, Autoput 3,
Belgrade, Republic of Serbia

E-mail: stajic@agrif.bg.ac.rs

Abstract. In general, goat meat is not inferior to other meat types regarding nutritional and
biological value — it has a high protein content (up to 29%), and it is a good source of minerals,
vitamin B-complex, and essential amino acids. However, the meat of older and culled goats is
less juicy, less tender, has a characteristically different odour and taste compared to kids’ goat
meat (and meat of other animals), and thus tends to be less desirable. Different meat products
could be produced using goat meat (including culled goat meat): dry-fermented sausages (e.g.
sucuk), dry-cured meats (Violino di capra — goat prosciutto), frankfurters, mortadella, etc.
without adverse effects on products’ technological properties. The negative impact of goat meat
on the properties of meat products is mainly associated with the use of goat fatty tissue. However,
this could be overcome by using fatty tissue of other animals (e.g. pork back fat or beef fatty
tissue).

1. Introduction

Goats are small ruminants that live in small or large herds in different areas and environments across
the world, with the exception of extremely cold areas. According to Devendra [1], there are 1156
different breeds of goats. The total number of goats in the world is over 1,000 billion, whereby around
95% are bred in Africa and Asia [2] and are considered suitable for meat production [3]. Contrary to
this, in Europe, especially in the Mediterranean countries (where the highest goat population is located),
goats are kept primarily for milk production.

From the 2000s, the global number of goats has increased by 30% while goat meat production has risen
by almost 50% [2]. In Serbia, about 200,000 goats are kept primarily for milk production [2].

Goat meat consumption is not limited by religious restrictions and cultural habits. Despite that, goat
meat consumption is lower compared to beef [4]. However, in developing countries goat meat is the
main source of red meat [5].

Kids’ goat meat is gladly consumed and is used for the preparation of different traditional dishes in
the Mediterranean countries, while meat of older and culled goats is less acceptable and has low
commercial value [6, 7]. However, the meat of such animals has been used for centuries for the
production of salted/cured and dried meat products, e.g. cecina de cabra [6]. Moreover, some recent
research indicates that goat meat, including culled goat meat, can be used in the production of some
well-known industrial meat products such as mortadella [8], frankfurters [9, 10] etc.

In general, numerous studies indicate that goat meat (including culled goat meat), in addition to being
used for the production of traditional products, is also used in the production of industrially processed
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non-heat treated (including non-heat treated for heat processing) and heat-treated meat products, as well
as for the production of meat products with improved functional/nutritional properties within all groups
[8-11].

The aim of this paper is to give an overview of goat meat usage in the production of different meat
products.

2. Goat meat characteristics

Goat meat is consumed as kids’ meat and goat meat. As mentioned above, kids’ goat meat is very
acceptable and appreciated, so that kids bred in the Mediterranean EU countries are recognized as brands
with protected designation of origin and protected geographical indications [7]. However, the meat of
older and culled goats is less juicy, less tender, has a characteristically different odour and taste
compared to kids goat meat (and meat of other animals) and, thus, tends to be less desirable [4, 12, 13].

On the other hand, goat meat generally has a high protein content (up to 29%) and is a good source
of minerals (iron and potassium), vitamin B-complex, and essential amino acids, e.g. lysine, threonine
and tryptophan [12, 14]. Moreover, goat meat generally has a low fat content and could have a more
desirable unsaturated/saturated fatty acid ratio compared to beef and pork [14, 15]. All in all, goat meat
is not inferior to other meat types regarding nutritional and biological value.

Regarding technological properties, goat meat can be successfully used in different types of meat
products. Dry-fermented sausages and dry-cured meat can be produced using goat meat without an
adverse effect on the technological properties of products [15, 16]. Because of the similar content of
salt-soluble proteins compared to beef, goat meat can be used in the formulation of emulsified meat
products [4].

The negative impact of goat meat on meat product properties is mainly associated with the use of
goat fatty tissue. Goat fatty tissue decreases emulsion stability and reduces the palatability of meat
products [17], while in dry-fermented sausages, the use of goat fatty tissue decreases taste acceptability
[16]. This unwanted influence of goat fatty tissue could be overcome during the production process by
using the fatty tissue of other animals with better technological properties (e.g. pork backfat, beef tail
fat etc.) and/or by using nonmeat ingredients (e.g. spices).

3. Dry and cured goat meat products
Dry and cured meat products are prepared from whole meat pieces (bone-in or deboned) or ground meat
and fatty tissue (sausages), which are salted/cured, sometimes smoked and air-dried.

3.1. Dry-cured meats

Dry-cured meats have been traditionally prepared for centuries by salting (or curing) different parts of
animal carcasses (or even the whole carcass). Many of them are considered national products and are
protected as quality brands.

Cecina de cabra and Cecina de castron are dry-cured meat products made from goat legs, and are
traditionally produced in Spain; they are also called goat ham [6]. The whole process (3—8 months) is
done in six stages [18]: shaping, salting with coarse salt (0.3—0.6 day/g at 2—5 °C and RH 80-90%),
washing with warm water, post-salting (30—45 days at 3—5 °C and RH 85-90%), smoking and ripening
(at 12-20 °C and RH 65-80%).

Violino di capra, called “goat prosciutto”, also a dry-cured meat, is produced in Alpine valleys of
Northern Italy from the legs of female goats from dairy herds, and is flavoured with garlic and different
herbs [4, 6]. The whole production process lasts several months and the final product has a violin-like
shape, hence its name. This “goat prosciutto” is characterized by specific sensory properties and is high
in mono- and polyunsaturated fatty acids with a very favourable n-6/n-3 ratio of 1.7 [19].

In Serbia, Ivanovic ef al. [15] examined the characteristics of dry-cured and smoked goat ham from
the Balkan breed, reared in three regions: mountain, hilly and plain. The results indicated that diet had
a significant impact on the quality of dry-cured goat ham. The products from goats reared in the
mountainous region had the lowest fat and saturated fatty acid contents, while the content of
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polyunsaturated fatty acids was the highest and indicated a more favourable fatty acid profile in those
hams. Moreover, the results of sensory evaluation pointed to the ham from goats reared in the
mountainous region as the most acceptable.

3.2. Dry-fermented sausages

Fermented sausages are meat products that have been manufactured for centuries and are highly valued
for their sensory characteristics. Almost every region in the world is known for some typical type of
sausage classified into this group.

Among them, sucuk is one of the most popular fermented sausages prepared without using pork
meat. Sucuk formulations differ regionally, but in general, beef and beef fat and/or sheep tail fat is
mostly used [16]. In research by Staji¢ et al. [16], the use of goat meat (and goat fatty tissue) was
examined and compared with all-beef and all-mutton sucuks. Moreover, the influence of the addition of
commercial starter cultures in production conditions similar to traditional production was examined.
Technological properties (weight loss, basic chemical composition, pH changes and instrumental
colour) were very similar between treatments made from the different meats. The use of starter cultures
could shorten the production process and could enhance safety (faster pH drop). However, all-goat sucuk
received poorer grades in terms of the sensory evaluation of taste and texture, which could be explained
by the specific properties of goat fatty tissue. The authors suggested recipe modifications and use of
beef fatty tissue to overcome this negative influence of goat fat.

Regarding the implementation of goat meat in the formulation of salami-type products, a
combination of 25% goat meat with 75% pork can provide products with desirable properties. Also,
very good consumer acceptance of fermented products was achieved by using 80% adult goat meat and
20% pork meat [4].

4. Non-heat treated goat meat products for heat processing
Minced meat products, e.g. burgers, patties, fresh sausages, are non-heat treated products which are
intended for heat processing before consumption.

An off-flavour was noticed in burgers prepared with goat meat compared to beef burgers, which
could be overcome by using 25% of beef/pork or using liquid smoke after moulding to improve flavour
and colour [4].

Goat meat was successfully used as the only meat source in patty formulation [17]. However, the
dispersion of goat fat globules was not uniform in patties, unlike chicken fat and vegetable oil which
were used in other treatments. Moreover, patties with goat fat had significantly lower sensory scores for
flavour and overall acceptability, which the authors corelate with a smeary and greasy mouth-coating
sensation that panelists felt when evaluating patties containing goat fatty tissue. Patties with chicken fat
and vegetable oil received the highest scores regarding all examined sensory properties.

Culled goat meat was used in fresh sausage production, and compared to the sausages made of sheep
meat, they were defined as harder and more fibrous, though they were generally very well accepted by
consumers [20]. Also, Leite ef al. [7] reported that fresh sausages prepared with culled goat meat and
30% of pork fat had good acceptability.

5. Heat treated goat meat products

Among heat-treated meat products, emulsion-type sausages (e.g. frankfurters, mortadella) are popular
worldwide and gladly consumed. As mentioned above, goat meat has a similar content of salt-soluble
proteins as beef and could be used in the formulation of emulsion-type sausages. However, due to bad
emulsion properties and a negative impact on taste and texture properties, goat fatty tissue should be
avoided.

In the research by Staji¢ et al. [10], culled goat meat was used for partial and complete replacement
of beef in all-beef frankfurters (beef and beef fat). Cooking loss, purge loss during storage, basic
chemical composition and instrumental texture parameters were not affected by the amount of goat meat
used in frankfurter formulation, while pH values were progressively higher with the increase in the
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amount of goat meat, but were within the values for emulsion-type sausages. A progressive decrease of
saturated fatty acid content and a progressive increase of polyunsaturated fatty acids (PUFA), especially
long chain PUFA, was observed with the increase of culled goat meat content in frankfurter formulation.
This led to a more favourable n-6/n-3 ratio in frankfurters with the higher amount of culled goat meat,
reaching 6.63 in frankfurters with 100% goat meat. On the other hand, the main effect was observed
regarding instrumental colour parameters — with the increase of culled goat meat content (and decreased
beef content), frankfurters were lighter and less red, which led to higher values of total colour difference
values. Since the colour of meat products is of great importance regarding consumer preferences [21],
it would be expected that these observed differences are noticed by consumers. The check-all-that-apply
(CATA) analysis confirmed that hypothesis, since the frequency of consumers that marked light surface
and light pink surface as present progressively increased in goat frankfurters. However, this was not
negatively perceived, because more than 80% of consumers marked pleasant colour as present in both
beef frankfurter and in goat frankfurters. Panellists also perceived goat frankfurters as lighter than beef
frankfurters and pointed to the frankfurter with 50% of beef and 50% of culled goat meat as the most
preferred.

Guerra et al. [8] used goat meat from culled animals to produce mortadella with different pork fat
levels (10-30%). All treatments showed good emulsion stability and water holding capacity, whereby
mortadella with 30% of pork fat showed the highest values of these parameters. On the other hand,
consumers gave the highest scores to mortadella with 10% of pork fat in all examined sensory properties
except for texture. Moreover, about 70% of consumers said they would purchase goat mortadella.

6. Conclusions

Numerous research studies indicated that goat meat, including meat from culled animals, could be used
in the formulation of different types of meat products. Some of them, such as Violino di capra, could be
of importance as traditional meat products, while some, such as goat frankfurters, goat mortadella, etc.,
could be included in industrial manufacturing. Moreover, some value could be added to culled goat meat
by using it in the formulation of these products. On the other hand, goat fatty tissue is marked as the
main influence on the sensory properties of goat meat products, especially the ones made of culled goat
meat. This could be overcome by using the fatty tissue of other animals (e.g. pork backfat or beef fatty
tissue).
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Abstract. Knowledge of the measurement uncertainty of test results is fundamentally important
for laboratories, their customers and all parties using and interpreting these results. In conformity
assessment, a measurement result is used to decide if an item of interest conforms to a specified
requirement. Because of measurement uncertainty, there is always the risk of incorrectly
deciding whether or not an item conforms to a specified requirement based on the measured
value of a property of the item. Conformity assessment can be quite challenging when the entity
measured is so close to the tolerance limits of the specification that its uncertainty, however
estimated, critically affects decision-making. In such cases, different decision rules can be used
to make statements of conformity. The aim of this paper is to provide a survey of methods for
the evaluation of measurement uncertainty in testing, as well as to stress the need for appropriate
estimation of measurement uncertainty. This paper also aims to assist testing laboratories in
understanding the different decision rules used in conformity assessment and level of risk (such
as false accept and false reject) associated with the decision rule employed.

1. Introduction

Credibility and reliability of analytical data has never caught the public eye more than today. They are
used extensively by regulators for the public benefit in the provision of services that promote safe food,
clean water, an unpolluted environment, energy, health and social care services [1]. Unreliable results
bring a high risk of incorrect decisions and could lead to higher costs, health risks, and illegal practices.
Hence, the goal of any analytical measurement is to obtain consistent, reliable, and accurate data. For
this purpose, the results of laboratories accredited according to ISO/IEC 17025 are used [2].

The result of each real measurement is not perfect. It is only an estimate of the value of the test item’s
characteristic being measured. In order to make adequate decisions, through the conformity assessment,
which demonstrates that specified requirements relating to a product, process, system, person or body
are fulfilled [3], it is necessary that these data contain evaluated measurement uncertainty, a parameter
associated with the result of a measurement, that characterizes the dispersion of the values that could
reasonably be attributed to the measurand [4]. Proper consideration of uncertainty is imperative when
testing a sample against legal/compositional limits, especially when the entity measured is close to the
tolerance limits of the specification. The new edition of the standard ISO/IEC 17025 has introduced the
concept of decision rules [2]. It is defined as “a rule that describes how measurement uncertainty will
be accounted for when stating conformity with a specified requirement” [2]. Conformity with a
requirement is inherently connected to the decision rule employed [1]. The introduction of this concept
clarifies that no single decision rule can be applied to all conformity assessment to specifications,
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because it significantly depends on the test area itself. Also, whether a measurement could result in a
decision on conformity (acceptance) using one decision rule and rejection using a different decision rule
needs to be considered. It is, therefore, expected that the decision rule is agreed before the measurements
are taken [2]. When performing conformity assessment, there are probabilities related to two types of
incorrect decisions, one for the supplier and one for the consumer [5].

Therefore, the aim of this study is to provide a survey of methods for the evaluation of measurement
uncertainty in testing, and to stress the need for appropriate estimation of measurement uncertainty. This
paper also aims to assist testing laboratories in understanding the different decision rules used in
conformity assessment and level of risk (such as false accept and false reject) associated with the
decision rule employed.

2. Measurement uncertainty

All measurements are affected by a certain error. The classical approach starts from the assumption that
by measuring, we determine the true value of the measured quantity and its errors, which can be random
or systematic in nature. The main difficulty is that neither the true value nor the measurement error can
be perfectly known [6]. Hence, the new approach, the uncertainty approach, omits the term “true value”
and, in accordance with the definition, considers the interval in which that value is. This interval, which
includes the best estimate of the measured quantity, is in fact the measurement uncertainty. Reporting
is required when information on uncertainty is relevant to the validity or application of the test results,
when the client requires it, or when the uncertainty affects conformity with a specification limit [2].
ILAC-G17:01/2021 [7] recognized that there are situations where the requirement for reporting
measurement uncertainty may not be obvious.

There are many possible sources of uncertainty in testing, such as sampling, sample effects, storage
conditions, instrument and operator effects, reagent purity, measurement conditions, assumed
stoichiometry, computational effects, blank correction, random effects etc. [8, 9]. The required depth of
the uncertainty estimations can be different in different fields. The contributions of all the above factors
to the total value of the measurement uncertainty constitute the budget of the measurement uncertainty
related to a particular test [8]. The basis for the evaluation is a measurement and statistical approach,
where the different uncertainty sources are estimated and combined into a single value. Most of the
information needed to evaluate the uncertainty is likely to be already available, like quality control
charts, validation, proficiency testing, certified reference material, handbooks etc. [8, 9, 10].

2.1. Evaluating measurement uncertainty

Measurement uncertainty is assessed through two methods that are essentially just concepts for
processing different types of measurement results: the type A method and the type B method. Both types
of estimates are based on probability distributions. Type A standard uncertainty is calculated from a
series of repeated observations and is equal to the square root of the statistically estimated variance. The
type A method is called the standard deviation [8, 9]. However, the uncertainty component can also be
determined without actual observations, through experience based on available information. Such an
estimate is called a type B method, and the derived uncertainty is referred to as standard type B
uncertainty [8, 9]. The pool of information could include previous measurement data, data provided in
calibration certificates, manufacturer’s specifications, uncertainty assigned to reference data taken from
handbooks, experience with or general knowledge of the behaviour and properties of relevant materials
and instruments etc. [8, 9].

Several approaches to obtaining an uncertainty estimate are described [8, 9, 10]. According to the
EURACHEM concept, it is necessary to specify measured quantities, identify and group sources of
measurement uncertainty, quantify uncertainty components (convert components to standard
deviations), and finally calculate the combined, uc, and expanded, U, measurement uncertainty [8]. It
should also be clear whether a sampling step is included within the procedure or not. If it is, estimation
of uncertainties associated with the sampling procedure need to be considered [9]. In the Nordtest model,
within laboratory reproducibility, standard deviation is combined with estimates of the method and
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laboratory bias [10]. Alternatively, according to ISO 21748 [11], the combined standard uncertainty, uc,
can be directly estimated from the reproducibility between laboratories, sR [10]. The Nordtest model
covers all steps in the analytical chain from the arrival of the test sample in the laboratory to the reporting
of the analytical result, but sampling, sample transportation, equipment and possible gross errors during
data storage/retrieval are not included [10].

2.2. Reporting uncertainty

For most purposes in food analysis, an expanded uncertainty should be used, which is obtained by
multiplying the combined standard uncertainty, uc, by a coverage factor, k. The choice of the factor k is
based on the level of confidence desired. For an approximate level of confidence of 95%, k is 2 [8, 9,
12]. The test result, y, and the expanded uncertainty, U, should be reported as y + U and accompanied
by a statement of confidence [8, 10, 12].

Not all the uncertainty sources identified during an uncertainty evaluation will make a significant
contribution to the combined uncertainty. Whether the contribution of uncertainty will be neglected
depends on the relative size of the largest and smallest contributions, its impact on overall uncertainty,
user requirements or regulations. Failure to properly consider all sources of uncertainty leads to a lower
assessment of uncertainty.

3. Conformity assessment

Conformity assessment is any activity undertaken to determine, directly or indirectly, whether a product,
system, process, body or person meets relevant standards and fulfils specified requirements [13]. It is a
common activity performed in testing, inspection and calibration, being defined to establish confidence
for consumers and for the safety and quality of life [14]. Over time, in practice, many statements of
conformity to a specification or standard have been confused with opinions and interpretations, although
these are two completely different terms. Statements of conformity can serve as a basis in the processes
of giving opinions and interpretations. In conformity assessment, a measurement result is used to decide
if an item of interest conforms to a specified requirement [13]. To establish procedures in order to
perform conformity assessment in practical situations, objective criteria are needed in what is called
“decision rule” [2, 14]. The development of a probabilistic approach in measurement, introducing
measurement uncertainty as a parameter to express the variability of measurement, had a significant
impact in decision process [14]. Due to measurement uncertainty, there is always the risk of an incorrect
decision, especially when the result is close to the specification limit [13]. Such incorrect decisions are
of two types. First, with false acceptance, an item accepted as conforming could actually be non-
conforming. The probability of such an incorrect decision is called consumer’s risk, because the cost
associated with such a mistake is often borne by a consumer [13]. Second, with false rejection, an item
rejected as non-conforming could actually be conforming. The probability of such an incorrect decision
is called producer’s risk, because the cost associated with such a mistake is often borne by a producer
who cannot sell an item that has failed a test of conformity [13, 14]. These errors are also known as
Type I (o) and type II (B) errors, respectively, meaning that conforming products are incorrectly rejected
or non-conforming products are incorrectly accepted [14]. General rules for calculation of conformance
probability and risk of false decision are given in ISO/IEC Guide 98-4:2012(E) [13]. The evaluated
probabilities depend on the measuring system and the production process. Where the decision rule is
prescribed by the customer, regulations or normative documents, a further consideration of the level of
risk is not necessary [2].

3.1. Guard bands

Tolerance limits, specified requirements for a measurand of interest, consist of limiting values, and
separate intervals of permissible values of the measurand, tolerance intervals, from intervals of non-
permissible values. Tolerance intervals can be either one-sided, with either a lower or an upper tolerance
limit, or two-sided, with both lower and upper tolerance limits [13]. Most of this paper for simplicity
deals with an upper tolerance limit. When the analytical result is close to the tolerance limit, acceptance
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or rejection of an item can be an incorrect decision and lead to undesirable consequences. The use of
guard bands can reduce the risks of incorrect accept/reject conformance decisions by defining an
acceptance interval of permissible measured values of a measurand [13, 15]. They represent a safety
factor built into the measurement decision process. The length of the Guard Band (w) is the
Tolerance/specification Limit (7L) minus the Acceptance Limit (AL) or w=TL - AL (Figure 1) [15].

Acceptance limits and corresponding decision rules are chosen in such a way as to manage the
undesired consequences of incorrect decisions.

a) Acceptance w>0 uard b) Acceptance w<0 | Guard
interval band interval 4| band
AL TL TL AL

Figure 1. a) acceptance limit AL inside the tolerance interval 7L and b) acceptance limit AL outside
the tolerance interval 7L according to ISO/IEC Guide 98-4:2012(E) [13].

The length parameter, w, is taken to be a multiple of the expanded uncertainty for a coverage factor
k=2, U=2u. A common choice is r = 1, hence w = U. The probability of accepting a nonconforming
item in that case is at most 2.3% (assuming a normal PDF for the measured quantity) [13]. There are
cases where a multiplier other than 1 is more appropriate. Also, customers can define r [15].

It should be taken into account that the measurement could result in a decision on conformity
(acceptance) using one guard band, or non-conformity (rejection) if a larger guard band is used.
Therefore, compliance with the requirements is inherently related to the applied decision rule. Hence,
the decision rule is expected to be agreed before measurements are made [2]. No single decision rule
can address all statements of conformity across the diverse scope of testing and calibration.

3.2. Decision rules
An important and widely used decision rule is known as simple acceptance or shared risk. Under such
a rule, where a guard band has a length equal to zero, w = 0, the producer and consumer (user) of the
measurement result agree to accept as conforming (and reject otherwise) an item whose property has a
measured value in the tolerance interval [13, 15]. When a measurement result is exactly on the tolerance
limit (assuming a symmetric normal distribution of the measurements), the probability of being outside
the tolerance limit could be as high as 50%. Hence, there would be a 50% chance of an incorrect decision
[13, 15]. Either of these probabilities can be reduced by choosing acceptance limits that offset the
tolerance limits. The risk of accepting a non-conforming item can be reduced by setting an acceptance
limit AL inside the tolerance interval (guarded acceptance decision rule), and the risk of rejecting a
conforming item can be reduced by setting an acceptance limit AL outside the tolerance interval (guarded
rejection decision rule), as shown in Figure 1a and 1b, respectively. For a guarded acceptance decision
rule, the guard band is w > 0, and for a guarded rejection decision rule, the guard band is w < 0. It is not
possible to set the acceptance limits to minimize both the consumer’s and producer’s risks
simultaneously. Decreasing one will increase the other [13]. Very importantly for the proper definition
of a decision rule, the following question must be answered: What should be proved by the conformity
assessment: compliance or non-compliance with a specification? Based on the answer, either the
supplier’s risk (o) or the consumer’s risk (f) has to be specified [14]. Binary decision rules, acting to
reduce the producer’s risk (supplier’s risk), will always increase the consumer’s risk [15].

In conformity assessment, a binary decision rule exists when the result is limited to two choices (pass
or fail), and a non-binary decision rule exists when multiple terms can express the result (pass,
conditional pass, conditional fail, fail) [15].
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3.2.1. Binary Statement for Simple Acceptance Rule (w=0). Reported as: Fail — the measured value is
above the acceptance limit, AL=TL and Pass — the measured value is below the acceptance limit, AL =
TL [15].

3.2.2. Binary Statement with Guard Band. Reported as: Fail — the measurement result is above the
acceptance limit, AL = TL — w (rejection based on guard band); and Pass — the measurement result is
below the acceptance limit, AL = TL — w (acceptance based on guard band) [15].

3.2.3. Non-binary Statement with Guard Band. Reported as: Fail - the measured result is above the
tolerance limit added to the guard band, TL + w; Pass - the measured result is below the acceptance
limit, AL = TL — w; Conditional Fail - the measured result is above the tolerance limit but below the
tolerance limit added to the guard band, in the interval [TL, TL + w]; Conditional Pass - the measured
result is inside the guard band and below the tolerance limit, in the interval [TL —w, TL] [15].

4. Conclusion

Awareness of the need to evaluate the measurement uncertainties is increasing in particular within the
framework of accreditation. Evaluation of measurement uncertainty has still not matured equally well
in all areas of testing, and many laboratories feel that uncertainty estimation is a laborious and
intellectually challenging task to perform. Incorrect estimation the uncertainty associated with the result
of conformity assessment measurement will lead to an incorrect accept/reject decision, so measurement
uncertainty has to be considered and judged to be acceptable for the intended purpose. The need for
statements of conformity with specifications has developed greatly, together with documents on the
concept of decision rules used to make such statements. Decision rules need to be compatible with the
customer, regulation or standard requirements. Where choices of decision rules are available, customers
and laboratories will need to discuss levels of risk regarding the probability of false acceptance and false
rejects associated with available decision rules. Customers are not sufficiently informed and involved
in the choice of decision rules.
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Abstract: Recently, poultry meat production and consumption has become increased worldwide.
Decades of intensive selection in poultry breeding resulted in fast-growing broilers, improved
food conversion, low production costs, and high yield of breast meat, as the most valuable part
of the carcass. Some side-effects of intensive production and rapid growth of broilers include the
appearance of myopathies in breast muscle. Increasing attention has been paid to the defect
known as "wooden breast” (WB) due its incidence and severity of anomaly. WB is characterized
by the hardness and pale colour of the fillet. These changes lower the consumer acceptance of
the meat, and a pronounced WB is unsuitable for culinary and industrial processing. Different
procedures can be used to tenderize the meat and include physical and chemical procedures,
often combined in industry. Physical procedures comprise the application of heating, mechanical
force, ultrasound, electric stimulation, hydrodynamic shock wave-pressure technology, high
pressure processing, and pulsed electric field. Chemical procedures include marinating, exposure
to the endogenous enzymes, and the use of exoenzymes. In the future, it is necessary to develop
optimal tenderizing techniques or combinations of different tenderizing techniques to achieve
better sensory quality and improved nutritional value of WB.

1. Poultry meat production

Over the last decades, the production of food has managed to meet the needs of increasing world
population. The five-year average meat production (2016-2020) in the world was 323.25 million tons
mt) and poultry meat had the biggest share (37.99%). From 2000 to 2020, world poultry meat production
has increased from 40 mt to 132 mt, with an annual increase from 3.5% to 4.7%. The average annual
consumption of poultry meat is 15 kg per capita, being the most widely consumed type of meat in the
world [1]. The reasons for the increasing poultry meat production should be sought in its exceptional
nutritional value (low fat content and high protein content), the perception that it is healthier than other
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meats, pleasant flavour, acceptance by most cultures and religions, quick and easy preparation,
affordable price, and utilization of all carcass parts in industrial processing [2, 3]. One of the important
features of poultry meat is its possibility to be used as a functional food by formulating diet for poultry
nutrition. Thus, by adding selenium, especially organic, with or without vitamin E in poultry diet, higher
content of Se and vitamin E can be achieved in meat. Moreover, use of feeds rich in polyunsaturated
fatty acids (PUFA), n-3 fatty acids or conjugated linoleic acid (CLA), results in higher PUFA content,
balanced ratio of n-6 to n-3 fatty acids and higher CLA content in poultry meat with beneficial health
effects for humans [4, 5, 6].

2. Myopathies in poultry

Myopathies are defined as progressive and degenerating neuromuscular diseases that are characterized
by hypotonia, muscle fibre damage and muscle atrophy [7]. So far, several causes of myopathies in
poultry have been described, like genetics, nutrition, metabolic disorders, toxins, infectious agents,
environmental factors and unknown aetiology [8]. In congenital myopathies, different genes have been
identified as associated with the various phenotypic and histological changes in muscles. Causes for
some poultry myopathies are still not known, and intensive work is being done on their identification
[9].

Genetic selection of poultry has been carried out in order to shorten the fattening period, increase the
growth rate, obtain higher final body weight and breast yield, and improve feed conversion. Better
growth performance results have been accompanied by undesirable occurrence of myopathies in breast
muscle [10, 11, 12]. To date, five myopathies associated with rapid growth of poultry (broilers and
turkeys) are known and described: deep pectoral myopathy (DPM), pale, soft, exudative meat (PSE),
white striping (WS), wooden breast (WB), and “spaghetti” meat (SM) [2]. WB myopathy, unlike the
others mentioned, has not been found in turkey breast meat. Myopathies do not pose a safety risk to
human health, since they are not biological, chemical or physical hazards. In effect, myopathies
deteriorate meat quality (sensory, nutritional and functional properties) and reduce the economic value
of meat. Economic losses can be remarkable and depend on the type of defect, the incidence of
occurrence, as well as the intensity of its severity. Economic losses occur as a consequence of
consumers’ refusal to buy meat with pronounced myopathy, and it must be used for the production of
meat products [3, 13].

WB is the most common myopathy in broilers. It is manifested by the hardness of the pectoral
muscle, especially in the cranial part. The muscle is pale, covered with viscous contents and petechial
lesions [2, 13]. Other muscles of the carcass are unaffected. Histological analysis determines fibre
atrophy, variations in fibre shape and size, multifocal degeneration and necrosis, loss of striation,
mononuclear cell infiltration, interstitial inflammation, oedema, deposition of extracellular collagen, and
thickening of the perimysial connective tissue [3]. The changes are very similar to the WS. These two
defects often occur simultaneously [11, 14]. The defect is usually graded as mild (focally diffused and
light firmness), moderate (focally diffused with extensive firmness), severe (more than 75% of breast is
firm), and extremely severe (firm breast) [3]. From normal breast WB differs in colour (bright red,
blurred), higher pH value and lower water holding content (WHC), higher drip loss, higher protein
content in exudate, and higher MDA value and carbonyl content [15]. The aetiology of WB is still
unknown, but it is mainly associated with the genetics, age, higher final weight, higher dressing
percentage and breast weight, and nutrition [3, 12]. WB myopathy has been found in many countries
around the world, and data on the incidence of this defect show it is becoming more common [15]. In
Italy, WB was found in 53.2% of broiler carcasses [16], and in the USA in 50% of cases [17]. Tijare et
al. [18] identified this defect in 90.1% of the samples. The WB defect is, according to the findings of
Xing et al. [15], found in 30.8% of broilers in China. This defect remains pronounced even after heat
treatment.

WB is the subject of intensive research in the world. Research refers to examination of morphometric
parameters of breasts (weight, yield, length, width, height of different parts of breast), chemical
composition (the content of moisture, protein, fat, ash, collagen, fatty acids, malondialdehyde, protein
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carbonyls), functional properties (L, a, b values, pH, shear force, hardness, cooking loss, thawing loss,
salt-induced water uptake, drip loss), sensory properties (appearance, colour, texture, odour, and taste),
nutritional value and consumer acceptability. Important conditions for the appearance of this defect were
examined, as well as the application of different meat processing procedures with WB [3].

3. Meat tenderization

Skeletal muscles consist of two fractions of proteins, myofibrils, involved in muscle contraction and
sensitive to endogenous enzymes, and collagen, the main constituent of connective tissue responsible
for fixed toughness [19]. The purpose of meat tenderization, both in culinary preparation and processing,
is to disrupt the structure of myofibrils, sarcoplasmic proteins and collagen, and consequently to
facilitate and improve the digestibility of nutrients. Meat tenderization procedures can be divided into
premortal and postmortem. Premortal procedures were applied in cattle and largely abandoned.
Premortal procedures included oral administration or injection of vitamin D that elevated calcium serum
level and in turn activated postmortem tenderization process in meat [20]. Postmortem tenderizing
procedures include physical and chemical methods, in practice often combined.

3.1. Physical procedures

Physical procedures include the application of thermal treatment, mechanical force, ultrasound, high-
voltage electric stimulation, hydrodynamic shock wave-pressure technology, high pressure processing,
and pulsed electric field [20, 21, 22].

One of the physical procedures most often used is heating at different temperatures, with or without

the addition of water (cooking, in pressure cooking, microwave cooking, baking, stewing, frying,
grilling). Heat treatment of meat contributes to its safety in terms of the absence of biological hazards,
reduces the nutritional value, and contributes to the formation of odour and taste. During heating, the
texture of the meat changes due to the denaturation of myofibrillar proteins and sarcoplasmic proteins.
Hydrolysis of collagen induced by heating leads to meat tenderization, since collagen is degraded to
smaller molecules of gelatin. Gelatin has good solubility and the ability to bind water. Meat tenderization
sharply increases with exposing meat to temperatures higher than 70 °C [23]. Heat treatment of meat
can be applied at lower temperature and for a longer time (low-temperature long-time method and sous
vide cooking — processing in vacuum) [21, 24].
Mechanical methods of tenderization (hitting, pressure, cutting, stabbing, tumbling, massaging) disrupt
the structure of meat, resulting in the extraction of soluble proteins, but on the other hand reduce cooking
time, hardness and chewiness of meat [19]. Mechanical procedures for tenderizing meat also include
hitting with a serrated blunt object (culinary processing) and passing through two rotating slitting blades,
where the distance between the blades is adjusted to the thickness of the meat [23]. Mechanical processes
most often precede marinating processes [25]. For tenderizing poultry meat with WB defect, Tasoniero
et al. [26] recommended a “blade tenderization” procedure that involved cutting meat with a set of
blades that can be used in the household and catering, but also in the meat industry. Blades disrupt the
structure of muscle and connective tissue, and in combination with marinating and the application of
enzymes, the penetration of the marinade and enzymes is enabled into deeper layers of meat, increasing
the tenderness.

Ultrasound has been investigated as a method for meat tenderization [27] and, applied on carcasses,
provokes lysosomal rupture and fragmentation of myofibrils and connective tissue [20]. Ultrasound
applied to WB myopathy decreased the hardness of breast, confirmed by increased myofibrillar protein
degradation [28]. High-voltage electric stimulation (ES) of pre-rigor carcasses has been applied for
decades for meat tenderization [20]. ES increases the rate of postmortem glycolysis, leading to rapid pH
decline and depletion of intracellular calcium, and thus preventing the cold-shortening during carcass
chilling. Hydrodynamic shock wave-pressure technology is applied to packaged meat placed in water.
Shock waves generated by explosion break down sarcomere proteins, resulting in higher tenderness
[20]. The use of high hydrostatic pressure (high pressure processing) in the range of 350-600 MPa for a
few minutes destructs the quaternary structure, and even the tertiary structure of proteins. High pressure
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disrupts ionic and hydrogen bonds in proteins, induces denaturation of proteins and forms gel
consistency. After high pressure treatment, the elasticity of meat increases and it becomes more tender
[21, 29].

3.2. Chemical procedures

Chemical procedures include marinating, the activity of endogenous enzymes, and the use of
exoenzymes. Marinades usually contain sodium chloride, organic acids (citric, acetic, tartaric acid),
phosphates, citrus juices, then oil, vinegar, wine, spices, and sugar. Meat tenderization occurs as a
consequence of various physicochemical mechanisms that increase protein hydration, leading to
“swelling and weakening” of muscles and water binding. During marination, an increase in proteolysis
caused by higher activity of cathepsins and an increase of collagen transformation to gelatin that both
contribute to tenderization of meat are observed [21]. Better effects are achieved when marinade is
applied by injection technology than by immersion of poultry meat in marinade [30]. Chicken breasts
exposed to combined effects of marinade with ultrasound achieved larger myofibril fragmentation and
higher tenderness than breasts immersed only in marinade [25].

Enzymatic meat tenderization involves exposing the meat to endoenzymes and exoenzymes. In
postmortem muscles, endoenzymes have significant roles in meat tenderization during aging. Several
endogenous proteolytic enzymes, including calpains, lysosomal proteases and cathepsins, are involved
in degrading myofibrillar and cytoskeletal proteins. A large number of studies indicate the calpain
system as responsible for postmortem proteolysis and tenderization of meat. The role of calpain enzyme
system (m-calpain, p-calpain, and calpain 3) and their calcium-activated inhibitor (calpastatin) in meat
tenderization was revealed [22]. Calpains are cysteine proteases that degrade myofibrillar proteins
(tropomyosin, roponin T, troponin I, C-protein, connectin, titin, vinculin, and desmin) [31]. Aging of
meat is often applied to beef, and it can last up to 55 days in controlled conditions (temperature and
humidity) [21].

Exoenzymes used for tenderizing meat are of plant, bacterial or fungal origin. To date, five
exogenous enzymes have been “generally regarded as safe” (GRAS) for use in the meat industry [32].
Exogenous proteases extracted from plants are papain (papaya), bromelain (pineapple), and ficin (fig),
from bacteria (Bacillus subtilis) are subtilisin and neutral protease, and from fungi (Aspergillus oryzae)
is aspartic protease [19]. Exogenous enzymes require optimal temperature and pH value. Their activities
towards the hydrolysis of myofibrillar proteins and collagen are different, so in practice, the
simultaneous use of two or more exoenzymes is recommended. The effect of different exoenzymes on
degradation of myofibrillar proteins and collagen along with optimal pH and temperature for their
activity are presented in Table 1 [33].

Table 1. Optimal pH and temperature for exoenzymes and their effectiveness on muscle proteins

. . . Hydrolysis
o Active Optimal Active Optimal of Hydrolysis
rotease pH temperature temperature .
pH 0 0 myofibrillar  of collagen
range range (°C) (°C) -
proteins
Papain 4.0-9.0 4.0-6.0 50-80 65-75 Excellent Moderate
Bromelain 4.0-7.0 5.0-6.0 50-80 65-75 Moderate Excellent
Ficin 5.0-9.0 7.0 4575 60-70 Moderate Excellent
Protease of o ) 4 7.0 50-65 55-60 Moderate Poor
A. oryzae
Protease_s_of 25-7.0 <6.5 40-60 55-60 Poor Excellent
B. subtilis

Papain is proteolytic enzyme derived from aqueous extract of papaya. The higher activity of enzyme
is obtained from immature papaya fruit. It is capable of breaking down large protein molecules to small
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peptides and amino acids [31]. Papain cleaves lysine, phenylalanine and arginine peptide bonds, thus
tenderizing meat [20]. Side-effects of papain use are “mushy” texture and off-flavours of meat [34].
Bromelain is obtained from fruits of pineapple family. Bromelain is effective in breaking down
myofibrillar proteins and collagen, resulting in higher tenderness of meat. Bromelain and papain were
used for tenderization of poultry meat (ducks and chickens) [35, 36]. Ficin is extracted from plant of
genus Ficus. It is a proteolytic enzyme, a class of cysteine or sulfhydryl protease that enhances the
solubility of muscle proteins. Although ficin is capable of degrading to some extent collagen and elastin,
it is primarily effective in breaking down myofibrillar proteins [19, 31]. Bacillus subtilis contains
subtilisin and neutral protease of high specific activity against collagen and elastin, but had no significant
effect on myofibrillar proteins [31]. Aspergillus oryzae produces aspartic protease that preferentially
affects myofibrillar proteins, with almost no effect on collagen [31].

Exoenzymes can also be used with other additives (acids, phosphates, salts) and mechanical
processing procedures (tumbling, massaging, injection, blade tenderization) [19, 31]. Paddy oat fruit
peel [37], kiwifruit [38] and ginger root [31] can also be used to tenderize meat. Actinidin derived from
kKiwifruit breaks down myofibrillar proteins and it is also involved in activation of m-calpain. Actinidin
applied in high concentration moderately tenderize meat preventing the occurrence of mushy meat [31].

The efficiency of tenderizing procedures can be determined by various methods (sensory analysis,
electrophoresis, electron microscopy, histological analysis, proteolysis index, pH value, WHC, peptide
content, etc.) [39].

4. Conclusion

The WB defect is a novel condition to the poultry industry, and it is associated with huge economic
losses. To alleviate negative consequences of WB occurrence, different strategies have been proposed.
One of them is to include affected chicken breasts in various processed products. The other way to
minimize adverse effects of genetic selection and improve sensory characteristics of WB is to apply
different tenderizing technigues. Meat tenderization could allow the poultry industry to put on the
market whole breast fillets. Therefore, further research is needed to develop an optimal tenderizing
technique or combination of different tenderizing techniques to achieve better sensory quality and
improved nutritional value of breasts with WB myopathy.
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Extraction procedure optimization of the method for detecting
ethylene oxide and 2-chloroethanol in sesame seed

S Stefanovic!, N Katanic? and S Jankovic!
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Abstract: This study describes modifications of the extraction procedure within the European
Union Reference method for determination of ethylene oxide and 2-chloroethanol in sesame
seed. The method suggests utilisation of uniform stainless steel balls in order to facilitate
extraction in small seed samples. Experiment was conducted with combination of balls of
different sizes and the extraction efficacy was assessed by measurement of 2-chloroethanol in
sesame seed samples from the local market. Increased efficacy of 18.3% for ethylene oxide and
16.2% for 2-chloroethanolwas observed when the combination of two diameters of balls was
used compared to samples extracted by the guidelines in original method and alternative
approach with uniform balls of the lower diameter..

1. Introduction

Chemical contamination of food is an important aspect of food safety [1]. It is also a very complex
field, consisting (among the other) of prevention and control of thousands of compounds from entering
the food chain, whether those compounds are intended to be used in food manufacturing/processing, or
abused, due to their proven beneficial properties in food, however at the high cost of their harmful effects
on humans. Such is the case with ethylene oxide (EO), the compound with one of the highest production
rates worldwide. It is a precursor or intermediate in production of many chemicals e.g. polyethylene
glycols, PET, cosmetics additives, construction materials, etc.

However, due to the volatility and high reactivity of the EO, one of its uses is also in fumigation of
objects, warehouses, sterilization of medical equipment and (before 1980s) food commodities,
especially spices and herbs. Being a small molecule, EO can easily penetrate cellular membranes of
bacteria, their spores and viruses thus reacting with DNA/RNA and complex molecules resulting in their
inactivation.

Although fumigation can be classified as “niche” use of EO accounting for only 0.05% of the global
production [2], having in mind its overall production, this is still a significant proportion of the chemical
that is being used for this purposes. However, the same properties for which EO represents an excellent
fumigant (interactions with genetic material of the microorganisms), are also responsible for its
genotoxic, mutagenic and carcinogenic potential. European Chemicals Agency (ECHA) has classified
EO in category 1B in respect to carcinogenic, mutagenic and genotoxic properties and category 3A in
respect to acute toxicity [3].

After fumigation of food commaodities, EO quickly produces several reaction products, of which 2-
chloroethanol (2-CE) is the most significant, and legally relevant as well, since it is included in the
residue definition scope in the European Regulation 868/2015 [4] (sum of ehylene oxide and 2-
chloroethanol expressed as ethylene oxide).

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY 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 1
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Although EO is not an authorized substance for fumigation in the EU from 1991, it is still used in
countries that are large producers of certain commodities such is sesame seed (e.g. India, China,
Nigeria), in order to reduce contamination with Salmonella and other faecal bacteria. This was apparent
in mid-2020 after numerous Rapid Alert System for Food and Feed (RASFF) notifications concerning
EO residues in sesame seed from India. Number of notifications amounted to about 140 by November
2020 [2]. Certain gquantities of contaminated sesame seed were imported to Serbia as well resulting in
prompt withdrawal from the market.

European Union Reference Laboratory for Single Residue Methods (EURL-SRM) published a
comprehensive analytical observations report [2] in December 2020 concerning EO and 2-CE, covering
historical, toxicological and analytical aspects of this subject. Detailed analytical method based on
QuEChERS method described in ISO EN 15662 [5] and quantitative determination by gas
chromatography-tandem mass spectrometry (GC-MS/MS) is provided. One of the important steps in
analysis of EO/2-CE, especially in the case of samples containing of small seeds (poppy, sesame) is
extraction of as much residue as possible from the matrix consisting of very small (1-3 mm in diameter)
units. In the case of more persistent chemicals, this could be accomplished by grinding and
homogenization in laboratory mills with or without freezing. However, in the case of EO which is highly
volatile this could result in significant analyte loss.

Therefore, EURL-SRM analytical method stipulates utilization of extraction aids (4-5 stainless steel
balls, 9.5 mm in diameter) in order to facilitate maceration of small sesame seed and increase availability
of EO and 2-CE and speed up the extraction process. Polypropylene tube (50 mL) is to be loaded with
2 g of sesame seed, 10 mL of acetonitrile with 5% of water and stainless steel balls. The tube is to be
shaken for 15-30 minutes, centrifuged and an amount of the crude extract is to be subjected to further
clean-up. However, during the extraction procedure, we noted that steel balls can be stuck in the tube
not performing the seeds maceration efficiently, especially if the shaker speed is low.

The aim of this study is to assess modifications of the EURL-SRM method for determination of EO
and 2-CE related to sample extraction and determine whether these modifications can contribute to
extraction efficacy.

2. Materials and methods

Analytical standards of EO and 2-CE were purchased from Sigma-Aldrich (St. Louis, MO, USA), as
well as HPLC purity acetonitrile and water. QUEChERS mixture for oily samples clean-up (150 mg Cys;
150 mg PSA; 900 mg MgSO4) was obtained from Phenomenex (Torrance, Canada). Stainless steel balls
(5 mm and 10 mm in diameter) were obtained from the local hardware store, thoroughly washed with
detergent, rinsed and submerged in hexane and acetonitrile in ultrasonic bath for 20 minutes. Balls were
dried and stored in sealed container until the analysis.

GC-MS/MS system consisted of Shimadzu (Kyoto, Japan) Nexis GC 2030 with split/splitless
injector, AOC-20i plus auto sampler and AOC 20s plus auto-injector, coupled to Shimadzu GCMS-TQ
8050NX triple quadrupole mass spectrometer operating in EI mode.

Sesame seed was obtained from the local retail and was subjected to the analysis according to the
original analytical method in order to determine absence of residues of EO and 2-CE. Then, 100 g of
seeds was weighted in the polypropylene jar and spiked with solutions of EO and 2-CE in order to
achieve concentration of 0,05 mg/kg of each compound. Although current MRL for sesame seed is lower
(0,02 mg/kg for sum of EO and 2-CE), our intention is to get clear signals in order to interpret the results
correctly. The jar was sealed and shaken on the overhead shaker for 1 hour. Tightly sealed jar was left
on room temperature for 2 days before the analysis. Six samples were taken and analysed again in order
to determine homogeneity of the residues. Established values were satisfactory (cv less than 5%) and
this sample was used for further experiments.

Detailed description of the analytical method for GC-MS/MS determination of EO and 2-CE in
sesame seed has been presented in the EURL-SRM document [2]. Briefly, 2 g of sesame seed is
weighted with accuracy of £ 0.02 g in polypropylene tube, 10 mL of 5% water in acetonitrile was added
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as well as stainless steel balls. The tubes were closed and shaken on the Neuation Technologies (Gujarat,
India) shaker at 40 revolutions per minute for 25 minutes.

The modifications of the extraction procedure were conducted as follows:

Instead of extracting the sesame seed with 5 stainless steel balls 10 mm in diameter, three batches
each consisting of 6 samples of the same sesame seeds were extracted with various size balls. Batch 1
was control batch and was extracted according to the method (four 10 mm balls). Batch 2 used ten 5
mm balls and Bach 3 used mixture of three 10 mm balls and three 5 mm balls. One millimetre balls were
available as well, however, initial experiments confirmed that their weight if applied alone in any
number is not sufficient to macerate sesame seeds entirely leaving intact seeds in the tube. Therefore,
the smallest balls were excluded from the experiment.

After the extraction, samples were centrifuged at 3000g for 5 minutes and 6 mL of the extract was
transferred to the 15 mL polypropylene tube with QUEChERS mixture for oily samples clean-up
(C1s/PSA/MgSOQy4). The prescribed mass fraction of constituents of the mixture is 25/25/150 mg per mL
of extract, therefore, for 6 mL the 150/150/900 mg of each clean-up agent was used. The tubes were
manually vigorously shaken for one minute, centrifuged for 5 minutes at 3000g and 1 mL aliquot was
transferred into the GC vial.

GC column was Shimadzu SH-Rxi-5MS (30m x 0.25 mm id x 0.25 mm df). Injector temperature
was 260°C, splitless injection was performed. Oven program was as follows: start at 50°C, hold 2 min,
ramp to 150°C at 40°C/min, ramp to 280°C at 12°C/min, hold till 20 min.

Mass spectrometer was operating in EI mode, source temperature was 270°C, transfer-line
temperature was 250°C.

Transitions for the EO were 44>14 (CE 20), 44>28 (CE 5) and 44>29 (CE 5) while for 2-CE
transitions were 80>31 (CE 5), 80>43 (CE 5) and 82>31 (CE 5).

Calibration was not performed in these experiments since the aim of the study was to assess
extraction efficacy only and for that purpose, quantification was not relevant. Therefore, obtained peaks
were integrated and resulting peak areas were compared. One sesame sample was analysed before the
analysis of three batches according to the original method (five 10 mm balls) in order to establish initial
peak areas for integrated EO and 2-CE peaks. These areas were assigned as number 1 and used for
comparison to the obtained results.

3. Results and discussion

Table 1 shows peak areas of EO and 2-CE standardized to areas obtained from the initial sample
prepared according to the original method (five 10 mm stainless steel balls as an extracting aid). Since
batch 1 consists of six samples of sesame seed extracted in the same manner as initial sample, the results
for this batch are expected (92-106% for EO and 94-110% for 2-CE) and can account for the variability
of the analytical method. However, batch 2 (ten 5 mm balls) shows significant decrease (76-87% for EO
and 76-96% for 2-CE) of the original intensity and batch 3 (combination of three 10 mm balls and 3 5
mm balls) shows significant increase of extraction efficacy (109-125% for EO, in average 18.3%
increase and 109-122% for 2-CE, in average 16.2% increase).

Table 1. Standardized peak areas in three batches of sesame seed
Batch 1 Batch 2 Batch 3 Batch 1 Batch 2 Batch 3

(EO) (EO) (EO) (2-CE)  (2-CE) (2-CE)
Sample 1 1.06 0.87 1.13 0.99 0.88 1.22
Sample 2 0.96 0.78 1.21 0.94 0.93 1.17
Sample 3 0.92 0.82 1.19 1.1 0.96 1.15
Sample 4 0.96 0.81 1.09 0.97 0.89 1.19
Sample 5 1.05 0.76 1.23 1.06 0.76 1.07

Sample 6 1.03 0.86 1.25 1.08 0.82 1.17
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These findings can be explained by the variations in mechanics of stainless steel balls depending of
their size and weight. Diameter of 50 mL polypropylene tube is 29 mm and although 4-5 balls (10 mm
in diameter) fit into the tube, they can stuck at slower shaker speeds, reducing crushing and maceration
of sesame seeds. From the positive side, large diameter balls provide sufficient weight to perform the
maceration very well. Combination of three heavy 10 mm balls and three lighter 5 mm ones reduce the
possibility of getting stuck, provide adequate weight and therefore crushing of seeds and at the same
time the mixing of larger and smaller balls during shaking process is continuous and more efficient. This
results in increased efficacy of the extraction process.

4. Conclusion

Presented modification of analytical method for determination of EO and 2-CE in sesame seed in respect
to extraction mechanism, increases transfer of these compounds from matrix to the solvent and therefore
increase efficacy of the whole process. Further investigation can be performed in order to investigate
this modification on other matrices that require utilization of mechanical extraction aids.
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Abstract. The production and promotion of high-quality traditional food are playing an
important role in the European Union. One of the main indications of the production quality is
the awarding of signs confirming the quality of the traditional products. Meat and meat products
play an important role in preserving the tradition. They are produced according to traditional
recipes, passed down from generation to generation, and their preparation uses products typical
of the region, from local crops and breeding. Thanks to this, they gain specific taste values,
unheard of in other parts of the country.

1. Introduction

Consumers in Poland are increasingly looking for natural products that are minimally processed.
However, modern processing methods are most often used to ensure maximum shelf life and food safety.
In recent years, the interest in traditional food has increased significantly. This may be due to the fact
that the high quality of traditional products is the result of the use of natural raw materials and additives,
relatively short, uncomplicated production methods and immediate distribution. The growing interest in
traditional food means that increasing numbers of consumers choose traditional products, assuming that
'traditional' is synonymous with 'high-quality’. An important place in Polish regional culture is held by
meat and meat products, which for most people have always been something special. Polish cold cuts,
sausages, hams, and smoked meats provide an inexhaustible range of highly valued flavors and aromas.
Depending on the culinary regions, these products are prepared in different ways. Using various culinary
techniques, the method of serving makes each product really special. It all adds up to the uniqueness of
the culinary traditions of a given region.

2. Traditional and regional products in Poland

Food referred to as traditional covers different categories of food products that are characterized by
specific characteristics of the raw materials, processing methods and place of origin. However,
according to the definition adopted by the European Commission, this term refers to food that is on the
market for a period indicating its transmission from generation to generation. This period should
correspond to the time usually assigned to one generation, at least 25 years [1,2]. In order for a given
product to be described as such, it should have specific features that distinguish it from other similar
products within the same category in terms of 'traditional ingredients' from which it was made,
'traditional taste' and 'traditional production or processing methods' [1,3].
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Figure 1. Graphic symbols of traditional broadcast products [4].

The changes that have taken place in the public awareness over the years have also caused significant
changes in the lifestyle and attitudes of modern consumers. Currently, easy access to food is no longer
enough, but the quality, variety and attractiveness of the food products on offer are starting to play an
increasingly important role [5,6]. The choice of certain foods is also influenced by cultural heritage.
Despite the widespread access to food from various exotic parts of the world, or resulting from the use
of advanced technology in its production, traditional food and patterns of its consumption are still used
to meet various needs, including mental and social needs [7,8]. The growing interest in traditional food
is also related to the desire to preserve and display the values of cultural heritage. In Poland this food is
perceived by consumers as extremely tasty and high quality [1,7,9].

An important place in Polish regional cuisine is held by meat, which has always been something
special for most people. Meat products, especially highly processed and consumed in excess, can have
an adverse effect on human health and well-being. However, it is a very important part of the diet, so
meat should not be eliminated from it. Therefore, traditional food, the production of which is based on
simple ingredients and natural technology, is an ideal solution. Polish cuisine is divided into several
culinary regions. In many of them, similar raw materials are used for the production of food, but the
specificity of the regional cuisine lies in the unique method of combining raw materials, the use of
specific culinary techniques, and the method of serving or naming. It all adds up to the uniqueness of
the culinary traditions of a given region.

2.1. Kindziuk or skilandis - Traditional specialty from eastern Poland
Kindziuk is a very tasty and durable product from
Podlasie in the eastern part of Poland (Figure 2), and
thanks to the addition of salt, it can hang in a cool place,
even in hot weather. This meat is an example of how to
manage keeping the product fresh without the
preservatives and chemicals that are used nowadays.
The history of its creation is related to the need to
provide food for the harvest season in a time when
refrigerators were not known. Meat and cold cuts were
prepared in winter, so that they were ready for the time
of intensive work in the field (spring and summer). The
meat of the ham, sirloin and shoulder blades was cut into
1-3 cm pieces, salted and seasoned abundantly with
garlic and pepper, then firmly stuffed into a cleaned '

pork stomach and sewn up. They were hung for a short Figure 2. Part of Poland where kindziuk is
time in a warm place by the stove to be dried, and then known as a traditional dish.

taken to the attic, where, in an airy place, the kindziuk

dried. Sometimes it was smoked. Kindziuk cut into smaller pieces, served with home-made bread and
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butter is considered a delicacy. In summer, kindziuk can be used to cook very tasty borscht and sour
soups with a specific aroma [10].

The modern method of making kindziuk resembles the traditional one, except that today it is more
often made in a pork bladder than in the stomach. Thanks to this, the products have smaller size. Also
nowadays, more spices are added to cure the meat (e.g. allspice, coriander, mustard) [11].

2.2. Bilgorajska sausage

Bilgorajska sausage is produced in family farms using local,
traditional recipes passed down from generation to
generation. From the 60-70s the recipe, composition of raw
materials, production and smoking methods have never been
- changed [12].

Bitgorajska sausage consists mainly of crushed meat and
fat as raw materials. The natural casing sticks tightly to the
stuffing, is brown to dark brown and evenly wrinkled. Jelly
and looser binding of meat raw materials is allowed. It is a
crispy and brittle sausage. It has the taste and smell
characteristic of pork, and smoked and roasted sausages. The
aroma of smoking is strongly felt in a traditional smokehouse
- with the use of alder wood and spices, especially garlic.
Bilgorajska sausage is based on raw materials obtained
exclusively in the region (Figure 3), from the ecologically

Figure 3. Part of Poland where clean areas of Roztocze. These are: pork livestock, garlic and

Bilgorajska sausage is known as a alder wood for smoking [13]. Throughout the production

traditional dish. : . . :

process, the most important factor influencing the quality of

the final product is the quality of the meat and spices. The

raw materials prepared after cutting are mixed, and cooked pork skins are also added. In winter and

spring, about 10% more garlic is given due to the loss of aroma during storage. Alder wood is also an

important factor, which gives a specific flavor and aroma bouquet. Thermal treatment consists of

smoking with hot smoke in a special smokehouse made of burnt bricks fired with alder wood. The
smoking process takes about 4-6 hours, then the sausage is air cooled [14].

2.3. Salceson polski from the Karkonosze Region
3 /1 ™~ This product entered the list of traditional meat products in
N {2019 and it comes from the Dolny Slask part of Poland
. _ i (Figure 4). To prepare salceson, pork stomachs or beef
T P, W - bladders are filled with a stuffing made of pork head meat,
r g Ia | % tongues, hearts, and meat made of pork knuckle with jelly.
el T - The spices used to make it are mainly salt, cumin and black
ra Bt pepper. The meats are cured in brine with bay leaf, allspice,
-+ garlic and pepper. Then, the stomachs are tied at the ends with
i . yarn, boiled, placed on nets, and pressed with a heavy object
: L j in order to obtain the characteristic kidney-shape. Salceson
Fi i contains clear, amber-colored jelly. The cross-section shows
Ly 7 pieces of meat, masks, heads and offal. In consistency, the
L L product is compact, resilient and slightly greasy. In taste, there
wl St { is noticeable garlic, marjoram, pepper and cumin and its
Figure 4. Part of Poland where aroma is typical of cured meat and offal [15].
salceson polski is known as a
traditional dish.
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3. Conclusions

The production, protection and promotion of high-quality food plays an increasingly important role in
the European Union countries. One of the basic methods of implementing the quality policy in the
Community is the implementation of the Strategy for the Identification and Promotion of Traditional
Products. The benefit of promoting regional products is to show consumers and producers how rich
various regions of Poland are in terms of traditional food production and cultural heritage.
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Development and validation of modified QuEChERS methods
for the analysis of fipronil and its metabolites in chicken meat
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Abstract. A sensitive method for the precisely and accurate determining the presents of fipronil
and its metabolites in chicken meat was developed and validated using a modified quick, easy,
cheap, effective, rugged and safe approach coupled with gas chromatography-mass
spectrometry analysis. The solvent acetonitrile was used for the extraction of the samples with
the salt phases composed of sodium chloride and magnesium sulphate, and then in the second
phase used C18 and anhydrous magnesium sulphate. The linearity of the analytical response
across the studied range of concentrations (0.005-0.050 mg kg!) was excellent, obtaining
correlation coefficients higher than 0.99. The average recoveries of the pesticide ranged from
75 to 106% for fortification levels of 0.005, 0.01 and 0.05 mg kg'!. The precision values
associated with the analytical method, expressed as RSD values, were less than 11.15%.
Matrix-matched solutions were also prepared by serially diluting the intermediate solution with
blank chicken meat sample extracts containing none of the tested analytes to perform matrix-
matched calibration with the same concentrations as in the solvent. The validated method was
used to analyse the target compounds in 30 real samples imported from European countries.
The present of fipronil-desulfinyl metabolite was confirmed in four samples.

1.Introduction

Pesticides are constantly used in agricultural and livestock production [1]. But pesticide residues can
remain in the environment and pollute surface water, fruits and vegetables. When pesticides are used
irresponsibly, disrespecting the waiting period between applications and maximum dosage levels,
dangerously high residues of these products can be found in the foods produced from animals [2].
These compounds have massive potential dangers to human and environment health. The
contamination routes can lead to bioaccumulation of persistent pesticides in food products of animal
source such as meat, fat, fish, eggs and milk. The analysis of pesticide residues in food is very
important due to the risks that these compounds offer to human health, besides their persistence in the
environment and their ability to bioaccumulate [3]. Different pesticides can be imported into the food
chain by usage of veterinary drugs and retained in the meat and meat products.

The situation that broke in Europe in July 2017, when millions of eggs were withdrawn from the
shelves of stores across Western Europe due to high levels of the pesticide fipronil, has proved the
need for improving and validating methods for accurate and precise analysis of fipronil in all matrices.
Fipronil is a broad-spectrum insecticide that belongs to the phenyl pyrazole chemical family [4].
According to the IUPAC nomenclature, its name is

(x)-5-amino-1-(2,6-dichloro-a.,a,0 - trifluoro-p-tolyl)-4-trifluoromethylsulfinylpyrazole-3-
carbonitrile. Fipronil was first registered for use by the United States Environmental Protection
Agency (U.S. EPA) in May 1996. It is used as an active substance in veterinary products against fleas
and ticks in dogs and cats. This formula is used in granular, gel and spray formulation for kills
unwanted arthropods in horticultural, and also for kills ants and roaches. The two most represented
metabolites of fipronil are fipronil sulfone and fipronil desulfinyl, of which fipronil sulfone is the most
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widely used. A range of methods and techniques used to determine the levels of fipronil and these two
metabolites has been addressed in a number of studies [5]. Also, a large number of studies examined
the amount of fipronil in sediment and soil [3, 6], because they are the result of the integration of and
chemical that take place in an aquatic ecosystem, affecting all processes in the whole system.

A number of analytical methods for extraction and analysis of multiple pesticide residues have
been developed in the middle of the last century and have greatly contributed to agriculture, control
and health care. During the 2000s, new advanced technologies incorporated the QUEChERS method
that reduces the use of expensive and carcinogenic solvents in large quantities [7]. Different sorbents
have different affinities for pesticide residues; for example, magnesium sulphate (MgSQOs) is used to
reduce the water phase and promote partitioning of pesticides into an organic layer, while sodium
chloride (NaCl) is used to dissolve fat globules. Primary secondary amine (PSA) is compound which
can be used to remove substances such as fatty acids, organic acids and cholesterol. PSAs are
especially useful for removing matrix co-extractants, which can interfere with pesticide determination.
QuEChERS methods are increasingly being used because of the simple and quick preparation for a
variety of matrices, such as soil, sediment, water [8] and various food matrices, among others, honey
[9] and eggs [10]. Recently, the QUEChERS multi-residue procedure has replaced many complex and
time-consuming analytical steps in traditional approaches and is being commonly used for the analysis
of pesticides in foods. In many cases the main problem during analysis of pesticide residue is the
purification process, which is required to isolate the residues from matrix components and reduce
matrix effects and it is also essential to enable a long column life [11].

This study describes the use of a quick, easy, cheap, effective, rugged, and safe (QuEChERS)
method for extraction and cleanup of fipronil and its metabolites of interest in chicken meat. Current
developments involve the use of extraction methods based on modifications to the QuEChERS
procedure. The aim of this study was to apply and validate methods for extraction and analysis of
pesticide residues in chicken meat. The QUEChERS method was modified in the clean-up step by
applying dispersive SPE using only the C18 and magnesium sulphate phase, which was recommended
for the determination of drug residues in meat, versus standard dispersive SPEs that also contain PSA.
The validation was performed by matrix-matched calibration, to compensate for the matrix effect. The
quantification and identification of the pesticides were performed by gas chromatography combined
with mass spectrometry (GC-MS). The prepared samples were analysed with GC-MS in the selected
ion monitoring mode (SIM) using one target and three qualitative ions for each analyte. The method
was validated using quality control material for fipronil in products of animal origin produced by
Fapas (UK) in 2019.

2.Materials and methods
Quantification and quantification of analytes was carried out using a GC Clarus 680 PerkinElmer
system comprising an autosampler and a gas chromatograph interfaced with an MS Clarus SQ8T
instrument under the following conditions: capillary column Elite-SMS (30 x 0.25 mm ID x 0.25 ym
df, composed of 95% dimethylpolysiloxane and 5% phenyl), operating in the electron impact mode at
70 eV. Helium (of the highest purity) was used as the carrier gas at the constant pressure of 21.5 psi
and an injection volume of 2 uL was employed (a split ratio of 50:1) at the injector temperature of 250
°C; the temperature of the ion-source was 280 °C. Mass spectra were taken at 70 eV; the scan interval
was 0.2 seconds and fragments were from 50 to 400 Daltons. The initial oven temperature of 70 °C
was held for 3 minutes and then increased to 150 °C at 25 °C/min, then increased to 200 °C at 3 °C/
min, and further increased to 280 °C at 8 °C/min and held for 10 min. Total GC running time was
41.87 min. The software was adapted to handle mass spectra and the chromatograms were read using
Turbo Mass Ver 6.1.0.

Stock standard solution (10 mg L-!) was supplied by DR Ehrenstorfer (LGC, Germany). A stock
standard solution was prepared in acetonitrile and stored at -18 °C. The individual stock standard
solutions were prepared in ethyl acetate. This solution was used as spike solution for recovery
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experiments in the three-concentration level (0.005, 0.01 and 0.05 mg kg'!) and also to prepare the
analytical curves solution for linearity studies in solvent and in the matrix. All high purity solvents
were obtained from PanReac AppliChem (ITW Reagents, USA). Extraction kits, apropos QUEChERS
extraction agents, were manufactured by Phenomenex (USA). In order to investigate the matrix effect
and to reduce matrix induced effects during GC, validation was performed by calibration in the matrix,
so that the sample and calibration solution had the same concentration of co-extracted matrix
components. Matrix-matched solutions were also prepared by serially diluting the intermediate
solution with blank chicken meat sample extracts containing none of the tested analytes to perform
matrix-matched calibration with the same concentrations as in the solvent. The use of matrix matched
calibration solution is necessary to minimize errors associated with matrix induced enhancement or
suppression effects during GC-determination. To each aliquot of the blank extract were added
corresponding known amounts of pesticide standards mixture (five levels) and known and the same
concentration of internal standard (ISTD). Triphenyl phosphate (TPP) was used as an internal
standard.

Each sample was homogenized and ground using the laboratory blender and a representative
amount of each homogenate (10.0 g) was then placed into a 50 mL polyethylene tube. Homogenates
were extracted and cleaned up immediately after sampling using the QuEChERS method. Ten
millilitres of acetonitrile were added into each tube. The samples were well shaken using a vortex
mixer at maximum speed. Afterward, 4.0 g of anhydrous magnesium sulphate and 1.0 g of sodium
chloride were added, then extracted by shaking vigorously on a vortex for 2 min and centrifuged for 5
min at 4000 rpm. An aliquot of 6 mL was transferred from the supernatant to a new clean 15 mL
centrifuge tube containing with C18 sorbent, and anhydrous MgSQO4 in a simple approach termed
dispersive solid-phase extraction (dispersive-SPE) clean-up. The samples were again vortexed for 3
min and then centrifuged for 5 min at 4000 rpm. Final extracts of acetonitrile were concentrated using
a gentle stream of nitrogen and reconstituted into ethyl acetate. To achieve the best possible extraction
results, extracts were re-purified using the C18 column (100 mg/3 ml) before the analysis. The eluents
were collected and were determined by precise GC/MS analysis using the selected ion monitoring
mode with ion ratios for confirmation. After all determination parameters have been successfully set,
the method was validated according to linearity, recovery, and precision.

3.Results and discussion

Trace analysis of organic contaminants, such as pesticides in food samples, typically consist of
following consecutive steps: homogenization of samples, isolation of analytes from the sample matrix,
removal of bulk co-extracts from crude extract, identification and quantification of target analytes and
examination to ensure there have been no false positive results. Animal-derived food matrices are so
chemically complex that sample preparation is extremely important for trace analysis, during which
avoiding the interference caused by co-extraction of non-target substances is the biggest challenge and
difficulty. Meat products contain a high content of lipids, i.e., more precisely myristic, palmitic and
oleic acid, which can negatively affect the recovery of pesticides and damage the column and the
baseline response. Modifications to the original QUEChERS method have been made depending on the
characteristics of the samples, and in this case, because of the presence of lipids, so we opted for C18
purification without adding water, because we determined satisfactory recovery by optimization. For
the method described here, the first phase without addition of water was found to be the most suitable.

Extraction is a highly significant part of sample preparation because it affects the efficiency of the
purification process as well as the productivity of the clean-up step [10]. Therefore, due to the
presence of proteins and fats, that is saturated and unsaturated fatty acids, additional purification was
used using the C18 cartridge. This purification process has led to a higher sensitivity, less impact on
the matrix effect, and a lesser presence and effect of fatty acids, esters and cholesterol during
chromatogram recording in full scan mode [11]. Although a C18 column cartridge improved recovery
of water-soluble pesticides, it was actually used in the last preparation step of the QUEChERS method
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in order to protect the GC column and MS detector. The QUEChERS method proved has been
demonstrated to be an effective and versatile method of choice for extraction and has also been
recently applied for the analysis of various xenobiotics and veterinary drugs in animal products [12].
The retention times of fipronil desulfinyl, fipronil and fipronil sulfone were 16.80, 21.25 and 24 .45
min, respectively. The linearity of the analytical response across the studied range of concentrations
(0.005-0.050 mg kg-!) was excellent, obtaining correlation coefficients higher than 0.99 (Table 1).

Table 1. The linearity of the pesticide and residues at concentrations 0.005-0.05 mg kg-!

Analyte Regression equation R2

Fipronil desulfinyl y=0.227182x + 3.86920 0.999147
Fipronil y=0.281971x — 10.2428 0.997444
Fipronil sulfone y=0.245241x — 9.58740 0.999139

The validation parameters are based on the Document SANTE/12682/2019 [13]. The average
recoveries of the residues ranged from 75 to 106%, for fortification levels of 0.005, 0.01 and 0.05 mg
kg-1 (Table 2). The precision values, expressed as RSD values, were less than 20% (Table 2). The
LOQ is defined as the lowest validated spiked level (mean value for n=6) meeting the method
performance acceptability criteria (mean recovery was in the range 70-120 %, with RSD =< 20%).

Table 2. Recoveries (%, n=5), RSD and LOQ of the pesticide and residues in chicken meat matrixes

Analyte Spiked Recovery RSD LOQ
(mg kg-1) (%) (%) (mg kg-1)

Fipronil desulfinyl 0.005 85.63 11.15 0.003
0.010 78.45 7.15
0.050 86.36 3.45

Fipronil 0.005 75.06 7.12 0.003
0.010 94.56 6.13
0.050 91.12 2.13

Fipronil sulfone 0.005 103.52 6.94 0.003
0.010 105.14 541
0.050 106.09 3.94

Fipronil sulfone is the main metabolite of fipronil, deriving from the oxidation of the sulphinyl moiety.
This metabolite showed an efficacy similar to fipronil against insect gamma-aminobutyric acid
(GABA) receptors [14]. Practically, no clean-up method completely removes all the matrix
components from a crude extract. Clean-up methods, where EMR-Lipid d-SPE extraction kits were
used, gave the best reduction of co-extracted matrix compounds [15]. Figure 1 shows a chromatogram
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in full scan where the presence of niacinamide, one of two forms of vitamin B3, can be seen at a
retention time of 7.14 min. Niacinamide is found in many foods including yeast, meat, fish, milk, eggs,
green vegetables, beans and cereal grains. The following fatty acids are also present in the extract: 9-
octadecenoic acid (Z) - methyl ester (oleic acid); 9,12-octadecadienoic acid (Z, Z) (linoleic acid) and
5.8,11,14-eicosatetraenoic acid, methyl ester (arachidonic acid methyl ester) at the retention time
26.60 min, 31.12 min and 32.72 min, respectively.
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Figure 1. GC-MS chromatogram of chicken meat sample in the full scan

Development of certain methods for the detection of pesticides in food is fundamental for
guaranteeing the nutritional quality and safety of food and the consumer health. In research, the results
show the presence of fipronil in meat samples had a adverse effect on nutritional quality, causing a
decrease in the amount of total and essential amino acids [16]. Using the QUEChERS method for the
determination of fipronil and other pesticides, such as carbaryl, fenpyroximate, thiamethoxam,
boscalid and difenoconazole, results were obtained that were in real samples at low concentrations and
below acceptable limits [17]. During the extraction, water can also be used as an extraction agent,
whereby no satisfactory recovery was obtained for the determination of fipronil in melon, while a
satisfactory recovery was obtained for the determination of milk [18]. On the other hand, successful
validation of fipronil by the QuEChERS method was achieved in beef meat using liquid
chromatography coupled to mass spectrometry detection (LC-MS), while in the examined real
samples, the amounts of pesticides were the result of LOQ [19]. Animal products are matrices
characterized by high water, protein and lipid concentration that require the use of complex methods
for cleanup and extraction. In published papers on the presence of pesticides in meat, quantified
amounts in meat were determined for the pesticides carbaryl and chlorpyriphos ethyl [20].

The maximum residue limit (MRL) set for fipronil in eggs and chicken meat is 0.005 mg kg-! ((EC)
No 396/2005). This MRL value has been set for the sum of fipronil and its sulfone metabolite
(expressed as fipronil). Fipronil used to prepare the formulations can contain fipronil sulfone at the
time of formulation. In other words, it is possible that useful grades of fipronil have some amount of
fipronil sulfone already present as a by-product of its preparation. Some grades of fipronil can have
low levels of fipronil sulfone, even 0%. However, once fipronil has contacted oxidation agents, it is
believed that fipronil sulfone could continue to form in solution. Further, it is significantly more costly
to use fipronil that is completely free of fipronil sulfone. Using this validated method, the accuracy of
the method was confirmed using the reference meat material from Fapas (13.9 + 3.5 mg kg-!).
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In the tested real samples of chicken meat, the amount of fipronil and its metabolites was below the
LOQ. The metabolite fipronil-desulfinyl was detected in four of the samples of chicken meat. The
results of the analysis of fipronil-desulfinyl in the tested samples ranged from 0.004 to 0.006 mg kg-1.

4.Conclusion

Successfully developed new method of analysis proved to be able to meet the requirements of modern
methods in the field of quantification of fipronil in food of animal origin, i.e. meat. The validation data
of chicken meat sample proved the compliance of the new analysis method with the legal requirements
of the quality control criteria according to the SANTE 12682/2019 document. This confirmed that the
results achieved by means of the newly developed analysis method are in accordance with the
currently available sample preparation methods. Consequently, the presented analysis method is
suitable for application for other matrices in routine analysis. Successful application of this method is
relevant to monitoring the impact of fipronil contamination in the environment, primarily through
monitoring the presence of fipronil in food, which will provide better insights into the present situation
of the environment. Consequently, the successful investigation of the quality test materials proved the
applicability of the presented analysis method as a confirmation method in routine analysis,
quantifying the same amounts as were declared. Therefore, it is expected that new modifications to the
QuEChERS methodology will continue to be developed to expedite the analysis of more veterinary
drugs and other xenobiotics in animal products, and the methodology could become a basic choice for
monitoring most contaminants in the future.
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Abstract. An increasing consumer demand for a higher quality and eating experience has led to
a revisit to the dry aging process. Therefore, research also focuses on the effects of different dry
aging methods and aims to improve the dry aging process. However, an optimal process cannot
be defined and, unfortunately, most of the dry aging results only hold true for the individual
experiment. If one repeats a dry aging process in a different facility, the result might differ. The
paradox is that the same dry aging process in two different ripening chambers does not inevitably
contribute to equal tenderness and flavor. Since this paradox has still not been understood well,
this review presents results of the most relevant dry aging studies by illustrating different process
parameters and cuts. Some conclusions which may be useful to explain the paradox are derived
from the literature in order to understand the crucial factors and commonalities in the dry aging
process.

1. Introduction

Postmortem aging of beef is a necessary and common process to improve eating quality attributes (e.g.
tenderness and flavor). Before the development of vacuum/sealing techniques in the 1970s, dry aging
for storing unpackaged carcasses, primals or subprimals in cold environments (mainly in a cooler) was
the most typical fresh preserving and yet value-adding process. The process known as wet or vacuum
aging became increasingly widespread with the development of vacuum packaging [1].

1.1 The Paradox

Acquiring a clear picture of the effect of different processing factors on the dry aging result seems to be
difficult, in particular in comparison to wet aging. Exemplarily, Oh et al. [2] described a positive effect
of dry aging, whereas Oh et al. [3], using a very similar aging process (28 days aging at 0 — 3 °C, about
75 — 85 % relative humidity and 0 — 7 m/s air velocity), described no advantages of the dry aging in
comparison to the wet aging process. The dry aged beef paradox is as follows: Why is dry aging
sometimes no better than wet aging. This paradox has been said to depend on the multiple factors,
exemplarily the aging process itself, but also the feed, the microflora, the fat oxidation and metabolite
changes etc. Until now, and to the best of our knowledge, there is no comparison of the available dry
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and wet aging literature with the aim to clarify the different outcomes. Our approach in this review is to
compare just one factor (e.g. pH, water loss, breed) at a time and evaluate if this factor and the outcome
in the respective studies can explain the paradox. Based on this comparison, we try to overcome the
puzzling issue that tenderness and flavor is not always created with a specific dry aging process.

Additionally, progress in understanding this paradox is based on more literature and more indirect
analytical measurements, such as the concentration of amino acids and the consideration of the
microbiological flora. In that context, the concentration and type of amino acids and microorganisms
can give insights into why tenderness and flavor differ. We give an overview of the different conclusions
and give insights into this paradox. We will highlight some key factors that influence the dry aging
results by laying out different studies regarding dry aging and comparing the influences on the aging
result.

2. Factors Affecting the Dry Aging Result

2.1 Aging Time

Overall, dry aging time affects the dry aging result and is the most controllable process parameter. The
influence on tenderness occurs in the first two weeks of aging in most studies. However, strong effects
during longer aging were also reported in some studies. Flavor and tenderness development are
continuously changing during the dry aging process in some studies. In conclusion and with regard to
the paradox, the aging time used in the studies is important, since a different aging time is needed to
create a good result with wet and dry aging. For example, prolonged wet aging (> 35 days) can result in
a negative assessment by consumers, whereas dry aging for the same aging period may not be enough
time to create a recognizable flavor-benefit.

2.2 Temperature, Relative Humidity and Air Velocity

Based on the literature, we can conclude that the parameters, air velocity, relative humidity and
temperature, of dry aging define the dry aging result. These parameters are of major importance and
even minor changes could affect the dry aging result. Regarding our paradox, we state that the dry aging
time should be about 40 days at about 2 °C, 85 % relative humidity and 0.5 m/s air flow. However, these
do not influence the dry aging result directly, but rather, for example, the microbial development, the
fat oxidation or the water loss, which is specified in section 5. The air velocity was not described in half
of the studies and was too high to achieve good aging results in some studies.

2.3 Breed, Muscle and Feed

An effect of raw material on the outcome of the dry aging is obvious. Parameters, such as bone-in or
bone-out, species, muscle type, sex, age, and breed, affect the aging result but do not explain the paradox,
since the same muscle was used.

3. Factors Affected by the Dry Aging Process

3.1 pH-value

Overall, the pH is influenced by the process (wet vs. dry) and dry aging parameters, and, respectively,
by the microflora. Why this is not the case in all studies is not currently clear but could be when
microbiota on the crust is analyzed. When comparing the studies which reported effects of pH with those
reporting no effect of dry aging, neither a positive nor a negative correlation to the pH could be found.
Moreover, the pH might be more influenced by the microbiota on and in the beef. In regard to the
paradox, no differences in starting pH were observed in the studies with equal process parameters but
varying aging results. Still, a study with the same set-up but a different starting pH in the beef would be
of interest.
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3.2 Water and Cooking Loss

Water loss during the dry aging process seems to have a minor effect, but the water content of the steak
before consumption is at least of interest for the explanation of the paradox. Kim et al. [4], for example,
aged beef with the dry and wet aging processes and reported a total higher weight loss (after cooking)
for dry aging compared to the wet aged steaks that weighed about 10 % more, and higher ratings for
flavor and liking, determined in a consumer test. It appears that the reduced water content of dry aged
beef can sometimes be equalized by cooking and this sometimes equalizes the differences between the
aging types and if not, the dry aged beef is rated higher. This conclusion about the effect of water is also
in line with the explanation of Kim et al. (4), who reported that the main contributor to higher levels of
many metabolites in the dry aged group is the evaporation of water during the dry aging.

Currently, it is not clear why the water content is only sometimes equalized. However, the reduced water
content could affect other factors, such as microbial growth or oxidation, which will be discussed further.

3.3 Oxidation, Metabolite Changes & Amino Acid Changes

The aging method influences the flavor and aroma of the beef. As stated above, this is only the case if
the aging parameters are in the right range to achieve a meaningful dry aging result. Furthermore, if
changes in the flavor and aroma profile are pronounced, as in these studies, the sensory panel should
and can find these differences, but only if the panel is well trained. This data is somehow missing, so
training can be a part of the paradox.

3.4 Microbial attributes

The microorganisms on the surface impact the quality, and respectively, the success of the dry aging
process, as the latter affects the growth and type of organism. Moreover, the air flow influences the
microbiology, which influences the proteolysis, and this in turn affects the taste and tenderness.

4. Conclusion
When comparing the individual factors above, six explanations for the paradox why dry aging is
sometimes not better than wet aging can be concluded:
The water loss during dry aging must be high enough that the difference is not equalized during the
cooking of the beef.

The latter is a result of the aging parameters. The dry aging time should be about 40 days and the air
flow (0.5m/s), temperature (2°C), and relative humidity should be low (< 85 %).
The latter affect the microbiota. A specific microbiota is needed to achieve a difference in flavor and
aroma between dry and wet aged beef.

These differences can be detected by sensory analysis: The design needs to be defined properly for
the purpose; for example, consumer groups should be as large as possible.

A round robin test between different facilities and countries applying the same process conditions on
identical/same, beef would also be of great interest in the future. Moreover, there is a need to consider
microbiota in the aging room, such as the meat scientists are doing for raw fermented sausages.
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Abstract. Eastern European consumers are traditional meat eaters who are still not looking
forward in order to substitute their traditional meat-based dishes with meat analogues or their
substitutes. In general, vegetarianism is in its infancy if we do not take into account Lenten
fasting, the period of the year when in Orthodox countries of Eastern Europe one can find food
not containing meat, dairy and eggs, widely available. Chicken meat is the most frequently
consumed type of meat, and it is preferred because it is easy to prepare. Eastern European meat
consumers believe that meat from castrated pigs is of better quality, and one third of them is
indifferent towards animal welfare issues. The highest proportion of Eastern European
consumers (42.9%) believes that game meat has many health benefits, is rich in proteins and is
more organic than other types of meat. However, two thirds of Eastern European consumers eat
game meat less than once a year. Differences in attitudes and beliefs of Eastern European meat
consumers compared to their Western European equivalents are evident.

1. Introduction

Nothing is the same as it was back in the 1990s when it comes to European meat consumption and
production inclinations. We were able to observe the increase in production of pig and poultry meat [1]
while acknowledging the decrease in lamb and beef production [2]. Most likely, the major reason that
has chased away European consumers from beef meat is their apprehension towards environmental
sustainability of its production, as is the case in Japan [3] and Brazil [4]. Health concerns are also an
important issue for meat consumers [5], followed by the rising interest in societal benefits and in more
“ethical” meat production methods [6-8]. Attitudes and beliefs of European meat consumers are
important to all stakeholders in the food (meat) chain, and not surprisingly, they have already been
investigated on numerous occasions and explored from different aspects in the past. What is surprising
is the fact that, although European by name [9-11], these investigations have excluded (almost by
default) meat consumers from Eastern European countries. Because of this, until recently, attitudes and
beliefs of Eastern European meat consumers remained unknown to scientific readers, the research
community and public in general. Therefore, the purpose of this review was to collect, categorize and

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
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summarize all the recently published (relevant) data that will help to make a portrait of an average
Eastern European meat consumer.

2. Chicken Meat Consumers

On average, only 2.6% of Eastern European consumers avoid consumption of chicken meat, while the
majority (51.7%) and more than a half of them eat it on a fortnightly basis. One fifth (19.8%) eats
chicken only once a week, while almost equal percentages of consumers do so once a month (13%) or
on a daily basis (12.9%) (Table 1). Not surprisingly, and because Islam is today the largest religion in
Bosnia and Herzegovina and is adhered to by half of the nation's population, Bosniaks are the most avid
chicken meat consumers in the whole of Eastern Europe. More than a third of Bosniaks (34.4%) eat
chicken on a daily basis. The second largest proportion of any country population (21.7%) that are daily
chicken eaters was observed in Serbia, not because of religious but because of economic motives, since
chicken meat is the most affordable type of meat available on Serbian meat markets. Overall, Hungarian
consumers seem to be most reluctant chicken meat consumers, since 89.8% of them eat it only on a
fortnightly or even monthly basis (Table 1). On the other hand, although Bulgarian consumers are not
among the most frequent chicken meat consumers in Eastern Europe, they seem to have the highest
average consumption of chicken meat in households per month, in the range of 6-9 kg, and chicken meat
products in the range 3-6 kg [12].

The age group of 50 to 64-year-old Eastern European consumers eats the most chicken meat and
chicken meat products, in the range of 3-6 kg per month. Monthly, female consumers seem to eat less
than males, since the highest percentage of females consume chicken meat and chicken meat products
in the range from 500 g to 3 kg, while the highest number of male respondents consume chicken meat
in the range 3-6 kg and chicken meat products in the range 500 g to 3 kg [12].

The most important quality attribute of chicken meat for the Eastern European consumers is its visual
appearance, namely freshness and colour as the leading quality attributes [13]. This is why researchers
and industry are exploring novel analytical methods for the evaluation of chicken meat colour [14].
When it comes to retailing chicken meat, Eastern European consumers believe the three most important
characteristics are temperature at point of sale (28.35%), shelf illumination (22.6%) and product
placement (14.7%) [13].

Most of the Eastern European consumers (39.1%) prefer chicken meat because it is easy to prepare
and since it can easily be accompanied by many side dishes. These consumers are mostly female
(64.3%), and chicken meat consumption is perceived as a good way to show their cooking skills and as
ideal for children’s diets, so chicken meat forms an important element of their family diet [12]. It was
also revealed that the second largest proportion of Eastern European chicken meat consumers (34.5%)
are very selective eaters who prefer particular chicken cuts and have particular healthy-diet attitudes
[12]. This was best explained by the fact that they are predominantly the working population, which
contains more selective and experienced consumers than the younger population, in general [15].

3. Pork Meat Consumers

As an exploratory approximation, we can assume that the largest proportion of the Eastern European
consumers eat pork on fortnightly basis (43.3% on average and varying from 19.0% in Moldova to
58.5% in Croatia) with almost equal percentages of them eating pork on a weekly (21.1% on average
and varying from 11.3% in Hungary to 29.4% in Poland) or daily (20.3% on average and varying from
8.0% in Hungary to 54.3% in Moldova) basis [16].
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Eastern European pig meat consumers have positive to neutral preferences for meat from castrated pigs,
and piglet castration is not considered an issue that needs to be dealt with in this part of Europe [16].
Reasons can be found in the belief that meat from castrated pigs is of better quality. At the same time, they
are ambivalent about the statement that meat from castrated pigs is leaner, apart from the pig meat
consumers from Bulgaria who think otherwise. On average, Eastern European consumers are indefinite
about whether the meat from castrated pigs is more expensive than that from non-castrates, while they are
more willing to pay for meat from physically castrated pigs [16] than an average Western European
consumer [17].

Regardless of the geographical or demographical determinants, the colour of pork meat remains the most
important quality attribute when it comes to the consumers and their preferences [18], and this consequently
provoked research into finding novel techniques in pork and pork meat products’ colour assessment [19].

4. Game Meat Consumers

Only one third of Eastern European consumers eat game meat at least once a year. The only exception is
Bulgaria, where game meat is consumed at least once a month by 79.6% of the consumers [20]. One thing
is also very certain, and it is that in this part of Europe women eat less game meat than do men. Similar
trends are observed in other parts of the world like in the USA [21] or Norway [22]. The highest proportion
of Eastern European consumers (42.9%) believes that game meat has many health benefits, is rich in
proteins and is more organic than other types of meat [20]. This is in sharp contrast with the situation in
Africa or Australia for example, where despite the great potential of wild game meat, consumers are ill-
informed regarding the positive attributes of game meat [23, 24]. The second largest proportion of Eastern
European consumers (32.8%) believe that game meat is low in fat and cholesterol, but that it is not easily
available for purchase; it is, therefore, considered only as a seasonal commodity. Almost a quarter of Easter
European consumers (24.3%), who are mostly youngsters below 24 years of age, believe that game meat is
more expensive compared to other types of meat and that sensory attributes of game meat (taste, odour and
colour) are associated with wild species [20].

Almost a half (49.2%) of Eastern European consumers eat game meat mainly on social occasions, and
because it is easily accompanied by many side dishes. Nearly 40% of them, who are mainly females and
youngsters below 24 years of age, eat game meat mainly because of the eating enjoyment and because it
tastes great. Only a fraction above one tenth of the consumers (11.8%) consider game meat a part of their
country's culinary tradition [20].

5. Animal Welfare Attitudes and Beliefs

In terms of animal welfare attitudes and beliefs, three distinctive, but almost identical in size, groups of
Eastern European consumers can be identified. The first group (37%) consists of the consumers who are
concerned about animal welfare, and they believe it is possible to achieve. However, the second group
(32%) is the consumers who are indifferent towards animal welfare. The third group (31%) of Eastern
European consumers is concerned about animal welfare, but they believe it is difficult to achieve.

6. Conclusions

Differences in attitudes and beliefs of Eastern European meat consumers compared to their Western
European counterparts are evident. Meat analogues and substitutes are not even being considered yet, since
the consumers are pretty satisfied eating their traditional meat-based dishes. Animal welfare, environmental
and sustainability issues are less of a concern because of the lower incomes in the Eastern compared to the
Western part of Europe. The health and wellness food market in Eastern Europe is under development and
growing, but still passing through a period of tests and looking for some stabilization.
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Abstract Pesticide residues in or on foods of plant/animal origin occur as a result of the use of
chemical agents in plant protection, biocide preparations and veterinary medicine and may pose
a risk to public health. For this reason, a comprehensive legal framework has been adopted in
Bosnia and Herzegovina, defining rules for the approval of active substances used in plant
protection products, the use of plant protection products and the regulation of maximum
permitted quantities of pesticide residues in and on food. In 2019, 195 samples were analysed as
part of pesticide monitoring. The control programme carried out the monitoring of
residues/remains of 180 active substances in 155 products of plant origin, 30 products of animal
origin and 10 products from the category of food for infants and young children. In total, of the
195 samples analysed, 141 samples did not contain pesticide residues at the quantification level,
but 54 samples (27.7%) contained pesticide residues in/above the quantification level.

1. Introduction

Pesticide residues in or on foods of plant/animal origin occur as a result of the use of chemical agents in
plant protection, biocide preparations and veterinary medicine and can pose a risk to public health. In
order to ensure a high level of consumer protection, the permitted limits, the so-called maximum
allowable quantity or in short, MRL, are prescribed by the Bosnia and Herzegovina Ordinance on
maximum levels of pesticide residues in and on food and feed of plant and animal origi bn [1] in
accordance with Regulation (EC) 396/2005 [2]. The regulation established a system that is in line with
the EU legislation, prescribed MRLs for more than 500 pesticides and covered more than 370 food/food
groups. Also, for pesticides not listed in the regulation, values of 0.01 mg/kg are applied. The provisions
of Article 12 of the Ordinance, stipulates the implementation of a multi-year program for controlling
pesticide residues. The Law on Phytopharmaceutical Products of BiH [3] regulates the basis for remnants
of phytopharmaceutical products (hereinafter: FFS), as well as the proper use and registration of FFS.
This Law assumes Regulation (EC) 1107/2009 [4] relating to the sale of plant protection products. The
use of this Regulation should ensure that the industry reaches the point that the regulated products
marketed for plant protection have no harmful impact on human and animal health or an unacceptable
environmental impact. The Multiannual Programme of Control is prepared and coordinated by the Food
Safety Agency of Bosnia and Herzegovina (hereinafter: The Agency) in cooperation with the Directorate
of Bosnia and Herzegovina for Plant Health Protection and the Veterinary Office of Bosnia and
Herzegovina. The programme will be updated annually, will be based on a risk assessment and will focus
in particular on assessing consumer exposure and compliance with applicable legislation. The
multiannual control programme will be in line with the coordinated multiannual control programme
implemented in the Member States of the European Union for 2018-2020, i.e. in accordance with the
Commission Implementing Regulation [5] on a coordinated multiannual Union control programme for
2018, 2019 and 2020 to ensure compliance with maximum levels of pesticide residues and assess
consumer exposure to pesticide residues in and on foods of plant and animal origin. The multiannual
pesticide residue control programme defined the food products and pesticides monitored in Bosnia and
Herzegovina. The control programme is partly aligned with the EU-coordinated control programme
relevant for the calendar year 2019, and also contains a proportion of national products selected on the
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basis of the results so far of the implementation of pesticide residue control programmes in and on food,
the importance of food consumption products, Rapid alert system for food and feed (RASFF)
notifications and other parameters.

2. Results and Discussion

According to Commission Regulation [6] on a coordinated multiannual control programme
implemented in the European Union member states for the period 2018-2020, which is the basis for
the development of the control programe, a total of 13 different products have been selected: apple,
strawberry, peach, lettuce, head cabbage, tomatoes, spinach, oats, barley beans, grape wine, cow's
milk, pork fat and food for infants and young children. In addition to the above, eight national products
(plum, raspberry, table grapes, pear, corn, cucumber and chicken eggs) were sampled, which were
selected on the basis of the results of the monitoring of pesticide residues in and on food, the importance
of products from the point of view of food consumption and RASFF notifications. A total of 195
samples were taken: 66 fruit samples, 55 vegetable samples, 24 cereal samples and 50 samples of other
food categories (infant and young children’s food, grape wine, cow’s milk, chicken eggs, pork fat.

In the 195 samples analysed, 141 samples did not contain pesticide residues at quantification level
(72.30%), but 54 samples (27.7%) contained pesticide residues in/above quantification levels. The
values of the data were slightly higher than the average values in the European Union [7]. In 2019, in
the European Union, in 53% of food samples pesticide content was lower than quantification levels.
Unlike the number of samples in which the presence of pesticides was not recorded, a slightly higher
percentage (45%) of the samples contained pesticides. In our study, six samples (3.07%) with residues
of active substances above the MRLs were found, which is a higher frequency of non-compliant product
than the average frequency of non-compliance recorded in the EU (1%), and excepting one sample of a
head of cabage (1.54%) with pesticide content above the MRL, but within the limits of measurement
uncertainty, which is considered appropriate. A detailed view of foods with pesticide residues above the
MRLs is displayed in Table 1.

Table 1. Samples with residues pesticides above MRL, Bosnia and Herzegovina, 2019

rb Active substances Products Result;l(;l?gnalysis MRL mg/kg
1 Dimethoat Peach 0.034 (£0.017) 0.01

2 Metrafenone Head of cabbage * 0.019 (£0.009) 0.01

3 Carbendazim (RD) Apple 0.45 (£0.225) 0.02

4 Cyazofamid Lettuce 0.918 (£0.459) 0.01

5 Cyazofamid Lettuce 1.446 (£0.723) 0.01

6 Chloramra‘;gﬁg‘;le (DPX E- Corn 0.134  (£0.067) 0.02

* Sample above MRL, but within the limits of measurement uncertainty

Among the active substances analyzed in plant products, the following were quantified in more than 5%
of the samples analyzed: boscalide (10.3%), carbendazim (RD) (7.27%). In food samples of animal
origin (cow’s milk, chicken eggs and pig fat), pesticide residues were not quantified in any sample. Five
samples were inadequate (2.56%). These were samples of lettuce (2), peach (1), apple (1) and corn (1).
The results of laboratory analyses showed that 14 products contained the remains of active substances
that are not on the List of Active Substances permitted for use in phytopharmaceutical means in Bosnia
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and Herzegovina. [8] Detected residues of active substances were (the number in bracket indicates how
many products have been detected): aldicarb (1), carbendazim (RD) (12), chloropropham (1). The
presence of active carbendazim can be explained to some extent by the fact that carbendazim is the main
product of decomposition of the approved active substance thiofanate-methyl [9]. Products with
remnants of illicit active substances originated from: Argentina (1); Bosnia and Herzegovina (7); Italy
(1); Serbia (1); Egypt (1); Moldova (2) Macedonia (1). Out of a total of 195 samples taken from 21 food
types, samples from five (23.8%) food types did not contain pesticide residues. These were the following
types of foods: oat grain (8), pork fat (10), chicken eggs (10), infant and toddler food (10), cow’s milk
(10). In 16 types of food (76.2%), pesticide residues were found in or above quantification levels. These
were the following types of foods (the number in parentheses indicates the total number of food
samples/number of samples containing pesticide residues at the quantification level): apple (12/11);
grapefruit (10/10); banana (10/9); pear (11/9); broccoli (10/8); centipede grapes (10/8); eggplant (10/7);
raspberry (11/6); Cornishon (5/5); cucumber (5/2); plum (11/5); peppers (10/4); cultivated mushrooms
(10/3); melon (10/3); wheat grain (10/1).

3. Conclusions

Out of a total of 195 samples analysed in 2019, 54 samples (27.7%) contained pesticide residues
in/above quantification levels. In 2019, five samples (2.56%) were inadequate and contained pesticide
residues above the MRLs. These were samples of lettuce (2), peach (1), apple (1) and corn (1). In one
sample of head cabbage (1.54%), pesticide residue above the prescribed MRL was identified within the
limits of measurement uncertainty, and so the sample was considered appropriate. Therefore, in 2019,
there were a total of six samples (3.07%) with pesticide residues above the prescribed MRLs. A rapid
risk assessment in one apple sample assessed exceedance of the identified toxicological benchmarks
(ARfD) (243%) for the active material, carbendazim. The results of laboratory analyses showed that 14
products contained the residues of active substances that are not on the List of Active Substances
permitted for use in phytopharmaceutical purposes in Bosnia and Herzegovina. The detected remnants
of active substances are (the number in bracket indicates how many products have been detected):
aldicarb (1), carbendazim (RD) (12), chloropropham (1). Products with remnants of illicit active
substances originated from: Argentina (1); Bosnia and Herzegovina (7); Italy (1); Serbia (1); Egypt (1);
Moldova (2) Macedonia (1). The presence of unapproved active substances could signal possible misuse
(application) of unapproved active substances, but could also be the consequence of degradation of
approved active substances (thiophanate-methyl — carbendazim). During official controls, competent
inspection authorities must decide whether any residues detected are the result of the use of illicit
phytopharmaceutical preparations, or are present as a result of metabolic processes. Also, some active
substances and/or their residues can remain in the environment for years after their use.
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Abstract. Concentrations of mercury (Hg) were analysed in livers (n = 26) and kidneys (n =
26) of female cattle (412-2502 days old) from farms for milk production in the area of
Vojvodina. Concentration of Hg was analysed by ICP-OES, after digestion by microwave. The
Hg concentrations in the livers and kidneys ranged from below detection limits (LOD < 0.006
mg/kg) to 0.206 mg/kg wet weight and from below detection limits (LOD < 0.006 mg/kg) to
0.018 mg/kg wet weight, respectively.

1. Introduction

All types of cattle, whether their primary purpose is meat, milk, draft power or some combination of

these, will be used ultimately in beef production [1]. In everyday diet, red meats are the best source of

high biological value nutrients (vitamins: vitamin B2, niacin and vitamin Bs, minerals: iron, zinc and

phosphorus, proteins). Beside positive effects on diet and health, red meat could potentially be the

source of some chemical substances with toxic effects [2-23].

In 2020, in the Republic of Serbia total cattle number was 886,127, and 259,527 of them were
raised in the Autonomous Province of Vojvodina [24].

Variety meat, or edible offal, are also a kind of meat even though are not skeletal muscles. They are
used as food, and mostly have higher contents of some micro-nutrients, especially vitamins and
minerals, comparing to meat tissue [13,25-28]. According to Serbian legislation [29], the edible offal
(organs and glands) that are separated in dressing butchered cattle include liver, kidney, spleen, heart,
tongue, lungs, brain, thymus and testis. Liver is the most often used organ and is incorporate in recipes
for number of different types of processed products of meat. These organs from older cattle animals
are much more suited for processed meats, especially for liver paté and sausages, since they possess
intensive aroma and are tough. On contrary, kidneys are not usually used in processed products of
meat but are generally used as braised, grilled or sautéed either whole or sliced [30].

Mercury (Hg) is recognised as toxic pollutant at global level, which bioaccumulate and biomagnify
within the food chain [31]. Hg toxic characteristics have a serious negative impact to both
environment and living organisms [32]. This metal is present in soil, water and air, due to both
anthropogenic and natural emission sources [33]. The living organisms can adopt mercury from
contaminated soil, water and air. In this sources, mercury is transformed by microorganisms to more
bioavailable organic forms [34], and is incorporated into next levels of the food chain [35-39]. For
vertebrates, the diet is considered to be one of the main sources of exposure to contaminants from
environmental [40]. Human population, being at the highest food chain level is exposed to Hg intake
from different kinds of food, especially by consumption of fish [41-43], seafood and freshwater
crustaceans [44-46], and food of animal origin [47].
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The Regulation of European Union [48] only defined maximum levels for total Hg concentration
for seafood and fish from 0.5 to 1.0 mg/kg wet weight. FAO/WHO Expert Committee on Food
Additives (JECFA) established PTWI (provisional tolerable weekly intake) for methylmercury of 1.6
pg/kg body weight and of 4 pg/kg body weight for inorganic mercury. The PTWI for methylmercury
of 1.6 pug/kg body weight/week corresponds to 0.112 mg/week for a person weighing 70 kg [49,50].

Studies aiming to determine concentration of Hg in animal tissues were conducted in number of
countries and regions. The available literature indicate a large variability in the concentrations of Hg in
muscle tissue and offal of cattle [51-61].

The concentrations of toxic (heavy) elements in food must be permanently monitor and control in
order to protect or/and reduce their negative effects on human health. Considering the fact that there is
a lack of information about Hg content in cattle tissues from Vojvodina, the goals of this paper were (i)
to measure Hg levels in livers and kidneys from adult dairy cattle in the Autonomous Province of
Vojvodina and (ii) to determine possible trends in bioaccumulation of Hg in cattle tissues.

2. Materials and methods

Samples (liver and kidney) were collected from 26 cattle slaughtered at the slaughterhouse in Novi
Sad (Vojvodina, northern Serbia), during 26 consecutive weeks (i.e. samples from one animal per
week were collected). All animals were slaughtered for human consumption. Slaughtered heifers and
cows (female cattle) came from 26 different farms for milk production (i.e. one animal per farm was
sampled) in Vojvodina (northern Serbia), so it can be stated that samples of liver and kidney were
collected from the whole region. Information about animals (date of birth, sex and type of the animal)
were received from farms with copy of the passport. The investigated cattle aged from 412 to 2502
days.

Samples (liver and kidney) were collected from the same cattle and minced in a stainless steel
cutter. After homogenization, approximately 250 g of samples were taken for analysis. Samples were
vacuum packed in polyethylene bags and stored at constant temperature (-80°C) until determination of
Hg. Hg content was determined using ICP-OES (inductively coupled plasma-optical emission
spectrometry, iCAP 6000 Series, Thermo Scientific, Cambridge, UK) method, after digestion by
microwave (MWS-3+, Berghof, Germany). Hg contents are showed as mg/kg wet weight. Standard
reference material (ERM-CE278, mussel tissue IRMM, Institute for Reference Materials and
Measurements, Geel, Belgium) was used for quality control of the analytical measurement. The results
obtained for the analytical quality control programme are showed in Table 1.

Table 1. The results obtained for analytical quality control programme (n = 5)

Analyte Matrix Certlﬁed Found . LOD LOQ
concentration concentration
Hg ERM — CE278, Mussel tissue, 0196 0191 0006 0.015

(mg/kg) IRMM, Geel, Belgium

3. Results and discussion
Concentrations of Hg in the analysed samples are showed in Table 2.

Table 2. Individual Hg concentration (mg/kg wet weight) in the edible offal of female cattle raised in
Vojvodina

No Liver Kidney
1 0.206 0.010

2 0.121 0.015



61st International Meat Industry Conference IOP Publishing
IOP Conf. Series: Earth and Environmental Science 854 (2021) 012099  doi:10.1088/1755-1315/854/1/012099

3 0.057 0.018
4 0.069 <0.006
5 0.063 <0.006
6 <0.006 0.011
7 0.043 <0.006
8 0.021 0.014
9 0.019 0.013
10 0.015 <0.006
11 0.009 0.012
12 0.009 0.012
13 0.013 0.015
14 0.010 0.006
15 0.009 0.008
16  <0.006 <0.006
17 0.012 0.008
18  <0.006 0.006
19  <0.006 0.011
20 0.008 <0.006
21  <0.006 0.011
22 <0.006 <0.006
23 <0.006 <0.006
24 <0.006 <0.006
25  <0.006 <0.006
26 <0.006 <0.006

The Hg concentrations of the female cattle liver and kidney were in the range from below detection
limits (LOD < 0.006 mg/kg) to 0.206 mg/kg wet weight and from below detection limits (LOD <
0.006 mg/kg) to 0.018 mg/kg wet weight, respectively.

Reported Hg concentrations in foods, that is, red meat and edible offal of cattle, vary widely (Table
3).

Table 3. Mean concentrations (mg/kg wet weight) of Hg in red meat and edible offal of cattle from
different countries

Meat Liver Kidney Country Source
0.005 0.006 0.010 Sweden [51]
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<LOD-0.0191 <LOD-0.0938 <LOD-0.0733 Spain [52]
(interval) (interval) (interval)
0.011 0.012 0.015 Finland [53]
0.0012 0.0042 0.011 Poland [54]
0.02 0.02 USA [55]
(median) (median)
0.006 Croatia [56]
(geometric mean)
0.008 Ireland [57]
0.0003 0.004 Zambia [58]
(median) (median)
<LOD-0.100 <LOD-0.481 Serbia [59]
0.00391 0.00581 0.01014 Egypt [60]
0.0210 0.0243 0.0510 Czech Republic  [61]
0.0011 0.0033 0.0183

4. Conclusion

The literature indicates a large variability of Hg concentration in red meat and edible offal (liver and
kidney). The available data showed that considerable regional differences exist for the Hg
concentration of animal edible tissues. Thus, content of Hg in edible offal (liver and kidney) can be
used as relevant indicator of environmental contamination by Hg. Generally, monitoring and control of
Hg in living organisms, i.e. red meat and edible offal, is necessary.
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Traditional meat preparations in the Balkans region
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Abstract. The aim of this study was to determine the fatty acid (FA) profile and trans fatty acid
(TFA) content of the Balkan’s traditional meat preparations. Twenty-four meat preparations
were examined: fresh sausages, ¢evapcici, pljeskavica and hamburger. Gas chromatography of
FA and TFA was used. Trans fat was higher than the recommended value of 0.5% in ¢evap¢ici,
pljeskavica and hamburger (0.54-0.62%) and lower in fresh sausages (0.26%). There were
significant differences (P < 0.05) in the atherogenicity index (AI), which was lower in fresh
sausages (0.58) and ¢evapcici (0.64) and pljeskavica (0.64) and highest in hamburger (0.77).
Concerning thrombogenicity indices (T1), there was a significant difference (P <0.05), being the
lowest in fresh sausages (1.42), ¢evapcic¢i (1.28) and pljeskavica (1.40) and the highest in
hamburger (1.82). Al and TI of traditional meat preparations were higher than recommended
indices, 0.5 and 1.0, respectively, and so are not desirable for health protection. The n-6/n-3 ratio
was significantly (P < 0.05) lower in pljeskavica (10.76) and hamburger (7.30) compared with
¢evapCi¢i (22.25) and fresh sausages (28.41). Promotion of the Mediterranean diet requires
changes in the food systems and public health policies to improve overall diet quality of
individuals, communities, and populations.

1. Introduction

Fresh sausages are meat products sold fresh without prior heat treatment. In many countries,
they are manufactured on request in butcher shops. The basic raw materials used in fresh sausage
manufacture are pork and beef, including their trimmings. Fresh pork sausages are a very popular
breakfast item in many European and American homes and restaurants and, throughout the years, have
been a leading pork product [1, 2]. Technologically, hamburgers are typical fresh beef meat preparations
that are not stuffed into casings. Different techniques and formulae are used in manufacturing fresh
sausages in various countries. Fresh sausages are mostly stored and sold in chilled form, although some
are sold frozen. The frozen product is bought in the shop or supermarket. Fresh sausages are produced
according to different quality standards and, in large parts of the world, they are sold very cheaply. It is
absolutely critical that the meat and fat materials processed have low microbiological counts. A bacteria
count of 10>-10%/g of meat should be achieved; a maximum count of 10?/g of meat is often seen as the
standard in most processing companies [3].

Cevapéici or éevap is a grilled skinless Serbian product, found traditionally in the countries of
southeastern Europe (the Balkans). They are considered a national dish in Bosnia and Herzegovina and
Serbia, and are also common in Croatia, Montenegro and Slovenia, as well as in Albania, North
Macedonia, Bulgaria and Romania. The typical portion consists of 5 pieces of small, rolled patties of
mixed ground meats that are heavily seasoned, grilled and served on a plate or in a flatbread, usually
with chopped onions, yogurt/sour cream, or potato salad [4, 5]. Pljeskavica is a popular meat patty dish,
second only to ¢evapci¢i. It is often served with milk cream, ajvar sauce of peppers and urnebes, a mixed
spicy cheese spread. Other popular dishes in the Balkans include roasted sausage and hamburger.

Analysis of the Global Burden of Disease Study 2010 shows that dietary factors are the most
important factors that undermine health and well-being in every Member State in the WHO European
Region [6]. Excess body weight, excessive consumption of energy, saturated fats, trans fats, sugar and
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salt, as well as low consumption of vegetables, fruits and whole grains are leading risk factors and
priority concerns. Overweight and obesity are also highly prevalent among children and adolescents,
particularly in southern European countries. The World Health Organization (WHO) defines four
factors in the epidemiology of cardiovascular diseases, cancers, obesity and type 2 diabetes mellitus —
poor diet, physical inactivity, tobacco and alcohol use —are of overwhelming importance to public health
[6]. Childhood obesity, too, is a growing problem across the world, with physical inactivity a major
factor. There are clear associations between physical activity and health and between diet and health,
and the two relationships are often linked through obesity [6]. The Mediterranean diet abundant in
minimally processed plant-based foods, rich in monounsaturated fat from olive oil, but lower in saturated
fat, meats and dairy products, seems an ideal nutritional model for cardiovascular health [7].

Desirable total fat intake in the diet, according to most experts, should amount to only 25-30% of
the total daily energy intake (E%) [8, 9], provided that 10% of E% in the form of saturated fatty acids
(SFAs) would enable the body to completely fulfil its essential metabolic functions. On the one hand,
an intake of 0.5 to 1-2% E% of trans fatty acids (TFA) was proposed [8]. However, there was agreement
among the experts that in populations with inadequate total E%, such as is seen in many developing
regions, dietary fats are an important macronutrient to increase E% to more appropriate levels. The study
also showed a higher prevalence of overweight associated with lower socioeconomic status in some
countries. There are not enough data on the fat quality of fresh sausages, ¢evapcici, pljeskavica and
hamburger. The final goal of these studies is to establish and expand food composition and trans fatty
acid (TFA) databases as a priority. Therefore, the aim of this study was to determine the fatty acid (FA)
and TFA profiles of the Balkan’s traditional meat preparations, and to calculate the atherogenic index
(AI) and thrombogenic index (TI) of the products.

2. Materials and Methods

2.1. Samples
Twenty-four traditional meat preparations were examined. Traditional meat preparations were
purchased from meat companies from Serbia.

2.2 Fatty acid and trans fatty acids analysis by capillary gas chromatography

The total fat content was determined according to ISO standard method 1443:1973. FA and TFA were
extracted from traditional meat preparations by accelerated solvent extraction (ASE 200, Dionex,
Sunnyvale, CA). Further, fatty acid methyl esters (FAMEs) and TFA were prepared by
transesterification using 0.25 M trimethylsulfonium hydroxide (TMSH) in methanol (EN ISO
5509:2000). Separation and quantification of the FAMEs and TFA was carried out using a gas
chromatograph (Shimadzu 2010, Japan) equipped with a flame ionization detector and an automatic
sample injector and using fused silica capillary column HP-88 (100m, 0.25 mm i.d., 0.2 um film
thickness). The chromatographic conditions were as follows: initial column temperature 125 °C and
ending 280 °C. The injector and detector were maintained at 250 and 280 °C, respectively. Nitrogen was
used as the carrier gas at a constant flow-rate of 1.33 mL - min . The split ratio was 1:50 and 1 uL of
solution was injected. Individual FAMEs and TFA were identified by comparing their retention times
with those of authenticated standards (Supelco 37 component FAME Mix, Supelco, Bellefonte, USA).
Data regarding FAME composition were expressed in percentage according to the weight of the total
identified FAMEs.

2.3. Calculation of daily intake of total fat, saturated fats and trans fat

The rules on labelling and advertising in Serbia [10] and in the US [11] recommend intakes of fats 70 g
d!, saturated fats of 20 g d"" and trans fat of 40 g d!. These values are informative for consumers in
interpreting nutritional values of food products.

2.4. Statistical analysis
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Data obtained for the FA compositions were subjected to analysis of variance (ANOVA) with the
Tukey-Kramer HSD test for the comparisons of means at the 5 % level of significance. Statistical

analysis was performed using SAS Institute Inc. JMP 10 software.

3. Result and discussion

The FA compositions and TFA of different traditional meat preparations are presented in Table 1.

Table 1. FA composition (g in 100 g) of traditional meat preparations, Al, TI, fat content and TFA

Fresh sausage Cevap¢iéi Pljeskavica Hamburger
FAs (n=6) (n=6) (n=6) (n=6)
C14:0 1.49+0.16N 2.11+0.11N8 2.38+0.02N8 2.49+0.09N8
C15:0 0.11£0.02B 0.27+0.0248 0.27+0.014B 0.33+0.014
C16:0 27.50+0.28NS 27.554+0.20N8 27.05+0.02N8 28.76+0.22N8
Clé6:1 2.49+0.18B 3.40+0.2448 4.94+0.034 3.08+0.13"
C17:0 0.41+0.03¢ 0.64+0.02B 0.66+0.014B 0.83+0.014
C18:0 13.39+0.02¢ 14.65+0.05" 12.38+0.07P 16.94+0.074
C18:1cis-9 44.28+0.198¢ 44.924+0.104B 45.76+0.08* 43.6140.15€
C18:1 trans-9 0.45+0.07¢ 0.96+0.058¢ 1.36+0.098 2.20+0.074
C18:2n-6 10.13+0.48* 8.91+0.7948 5.224+0.07B¢ 2.63+0.06¢
C20:0 0.23+0.014 0.23+0.014 0.12+0.01B 0.1540.078
C18:3n-6 0.03+0.01 nd nd nd
C18:3n-3 0.43+0.02N8 0.36+0.01N8 0.44+0.01N8 0.34+0.01N8
C20:1 0.45+0.034 0.49+0.044 0.17+0.01B nd
C20:2n-6 0.30+0.034 0.19+0.0248 0.04+0.01B 0.05+0.01B
C22:0 0.03+0.01 nd nd nd
C20:3n-6 0.04+0.01N8 0.03+0.01N8 0.05+0.01N8 0.04+0.01N8
C22:1n-9+C20:4n-6 0.10+0.014 0.09+0.014 0.04+0.01B 0.06+0.014B
C20:5n-3 nd nd 0.05+0.01N8 0.03+0.01N8
C22:5n-3 nd 0.09+0.01 nd nd
SFA 43.21+0.448 46.34+0.504B 42.33+0.358 49.08+0.38*
MUFA 46.53+0.20¢ 47.87+0.048¢ 51.03+0.144 48.27+0.22B
PUFA 11.66+0.56* 6.60+0.368 5.55+0.218 3.50+0.208
n-3 0.43+0.14N8 0.36+0.19N8 0.49+0.03N8 0.49+0.03N8
n-6 10.49+3.054 5.55+2.588 5.31+0.428 5.31+0.418
n-6/n-3 28.41+£7.424 22.25+8.834 10.76+0.828 7.30£1.408
Al 0.58+0.108 0.65+0.098 0.64+0.058 0.77+0.024
TI 1.42+0.13B 1.28+0.51B 1.40+0.05B 1.82+0.034
Fat 23.28+1.234 22.43+0.024B 15.48+0.458¢ 11.20+0.34€
TFA 0.45+0.14¢ 0.96+0.13B¢ 1.35+0.468 2.30-+0.904

*n, number of samples; results are represented as mean + SEM; nd = not detected <0.01%. Values in the same row
with the same letter are not significantly different (P>0.05); NS — not significant; SFA, saturated fatty acids;
MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; Al — atherogenic index; TI —
thrombogenic index; TFA — trans fatty acids
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Generally, traditional meat preparations were characterized by higher contents of SFAs. The
monounsaturated fatty acid (MUFA) content of the traditional meat preparations was the second most
predominant fatty acid group, with oleic acid (C18:1n-9) being the most common MUFA. The most
common n-6 polyunsaturated fatty acid (PUFA) was linoleic acid (C18:2n-6). The most common n-3
PUFA was a-linolenic acid (ALA, C18:3n-3), which occurred in lower amounts (Table 1). Fat E% was
higher in fresh sausages (33%) and ¢evapci¢i (32%) (Table 2) than the recommended value of 25-30%
[8, 9]. Saturated fats E% (27-50%) was higher than the recommended value of 10% [8, 9]. Trans fat was
also higher than the recommended value of 0.5% for ¢evapcici, pljeskavica and hamburger (Table 2),
and lower in fresh sausages [8, 9]. Pljeskavica (33%) had similar E% (33.90%) to fine minced pork
cooked sausages [12]. Hamburger was a low fat meat with high levels of SFA E% (27%), which is
similar to beef luncheon meat (23%), and with high levels of trans fat E% (0.62%) [13]. Fresh sausage
(50%) was similar in SFA E% (53%) to pork liver paté [13].

The lipid indices of Al and TI, calculated from the data on the FA composition, are shown in Table
1 according to equations of Ulbricht and Southgate [14]. These lipid indices indicate the suitability of
food for prevention of cardiovascular disease in humans, and for any health benefit, they have to be low.
In terms of human health, Al and TI less than 0.5 and 1.0, respectively, are recommended in the diet
[15]. There were significant differences (P < 0.05) in the Al between traditional meat preparations we
examined, being the lower in fresh sausages (0.58), ¢evapci¢i (0.64) and pljeskavica (0.64) and the
highest in hamburger (0.77). The Als of these Balkan products were higher than in study of pork meat
(0.51-0.54) [16] and pork meat reported by Kasprzyk et al. [17] (0.47) but lower than in rabbit (0.90)
[18]. Concerning TI values, there was a significant difference between traditional meat preparations (P
< 0.05) being the lowest in fresh sausages (1.42), ¢evapcici (1.28) and pljeskavica (1.40) and highest in
hamburger (1.82). The TI values we obtained are lower than were reported in lamb (0.87) [19], chicken
(1.14) and turkey meat (0.91) [20, 21]. However, Al and TI of traditional meat preparations were higher
than recommended indices [13] and are not desirable for health protection.
The n-6/n-3 fatty acid ratio in fresh sausages was above the recommended levels of 4:1 [22] (Table 1).
The n-6/n-3 ratio was significantly (P < 0.05) lower in pljeskavica (10.76) and hamburger (7.30)
compared with ¢evapci¢i (22.25) and fresh sausages (28.41). However, the n-6/n-3 ratio in fresh
sausages and cevapcCi¢i were higher than in patés (4.01-21.86), cooked chicken sausages, chopped
canned meats (8.55-14.98) [13], pork canned meat pieces (13.80) [12] and pork meat (19.62-20.88) [16].
The estimated percentage of fat daily intake, saturated fat daily intake and trans fat for products is
presented in Table 2.

Table 2. Percentage of total fat, saturated fat derived and trans fat from traditional meat preparations
in relation to the reference intake of 2,000 kcal per day

Daily intake Fresh sausages Cevap&ic¢i Pljeskavica Hamburger
Fat E% 33 32 22 16
Saturated fat E% 50 52 33 27
Trans fat E% 0.26 0.54 0.53 0.62

Legend: E% - energy value/intake

By the linear discriminant analysis (LDA), the separation between traditional meat preparations
might be improved. LDA clearly differentiates the sampled traditional meat preparations into four
groups (Figure 1).
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Figure 1. Linear discriminant analysis (canonical plot) of fatty acid profiles of traditional meat
preparations
Legend: C — éevapéiéi/¢evap, FS — fresh sausages, H — hamburger, PLJ —pljeskavica

The results of the classification are very satisfactory and allow 100% of traditional meat preparations
to be correctly grouped. Out of 24 samples of traditional meat preparations, all 24 samples were
classified according to the fresh meat origin. Data were expressed as discriminant scores along 2
eigenvectors, as a function of group provenance regarding FA content. All FAs herein considered had a
direct influence on the differentiation of group origin. The first discriminant eigenvalue explained 61.3%
of the total variance and the second eigenvalue explained 33.8% of the total variance. The established
Wilks value was equal to 0.0005 (P < 0.0001). By canonical correlation, the first and the second
discriminant functions were 0.993 and 0.987, respectively. The shortest distance between the points on
the canonical plot in Figure 1 represents the smallest differences in the FA profiles of the samples.
Pljeskavica was very distant from hamburger, ¢evapci¢i and raw sausages and hamburger far from
pljeskavica, ¢evapcici and fresh sausages; these results correlate to the type of meat. Based on stepwise
variable selection, the fat content of fresh meat did not influence the separation of samples (P > 0.05).
Our results confirm the statement of other authors [23, 24]. They conclude that the region of South-
Eastern Serbia has a population of lower socio-economic status, potentially coupled with malnutrition
and poor dietary habits. The results obtained indicate a high intake of saturated fats from consumption
of traditional meat preparations in the region. Although this dietary pattern does not appear hazardous,
improving nutritional habits is desirable. Education and national/regional policies for advancement of
dietary quality in Balkan regions should promote complex carbohydrates and relevant food choices such
as whole grains, legumes, fruits and vegetables; as well as optimize n-3 balance through increased intake
of fish, seafood, nuts and green vegetables.

4. Conclusion
People in the Balkan region want to eat fresh sausages, pljeskavica, ¢evapci¢i and hamburger. Our
research shows these traditional products are full of saturated fat. Although bad food does not really
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exist, bad eating habits can impair health in the long-term. The Balkan region has a population of lower
socio-economic status with poor dietary habits. There is a lot of strong evidence to support the benefits
of the Mediterranean diet on cardiovascular health. Promotion of the Mediterranean diet requires
changes in the food environment, the food systems, and public health policies to improve overall diet
quality of individuals, communities, and populations.
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Abstract. The first case of a severe acute respiratory syndrome caused by coronavirus-2 was
reported in December 2019 in China. The disease spread globally quickly, causing the 2019-2021
COVID-19 pandemic. The meat industry became concerned over the possibility of transmitting
the virus in the slaughterhouse environment. The level of air exchange strongly affects the
distribution of SARS-CoV-2 aerosols within the slaughterhouses. The adsorption of the SARS-
CoV-2 virus on the surface of the frozen meat is dictated mainly by the interplay of electrostatic
forces between the virion and tissue (pH) and environmental conditions (temperature and
humidity) in the vicinity of adsorption micro-location. Suppose the virus contaminates the meat
surface, whereby pH is 5.5 or less. In that case, it firmly adsorbs due to bonds established by
protonated amine group and a hydrogen bond between the COOH group of the viral protein and
oxygen in hydroxyl groups present on meat surfaces. The meat surface, coated with a thin water
film, interacts with the SARS-CoV-2 virions by establishing strong hydrogen bonds. Although
there is no proof of COVID-19 contraction by food consumption, the strong surface adsorption
and ability of SARS-CoV-2 to survive meat freezing indicate a potential risk of virus transmission
by meat.

1. Introduction

One of the most severe varieties belonging to the p-CoV genus of coronavirus — the SARS-CoV-2 — has
emerged in late November 2019 in Wuhan, China causing a global pandemic. The World Health
Organization (WHO) officially announced this fact on March 11, 2020 [1]. Over the following months,
the infection rate raised progressively, so the disease became a severe global threat to public health, the
international economy, and the eudaemonia of individuals.

The SARS-CoV-2 virion particle measures 125 nm in diameter. The particle itself consists of the
envelope (composed of lipids and proteins) and a single-stranded RNA molecule (29,903 nucleotides).
Viral RNA contains a couple of genes encoding structural proteins and enzymes responsible for its
reproduction and spreading.

To control a pandemic, one of the risk assessment factors was understanding the virus's spreading
mechanism. The majority of scientific reports have claimed that the principal transmission route of the
SARS-CoV-2 was to be from person to person, primarily through aerosols or droplets released from the
respiratory tract during coughing or sneezing and then inhaled [2]. Also, several reports indicated
plausible transmission of the virus via the gastrointestinal tract based on the successful isolation and
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identification of SARS-CoV-2 RNA from feces [3]. Although respiratory RNA viruses possess a lipid
envelope, their general structure is not robust. Single-stranded RNA is a chemically unstable molecule
and readily undergoes hydrolysis. In particular, ribonucleases that are ubiquitous in the environment
(mainly originating from the human skin) tend to denature viral RNA quickly. Outside of the human
body, SARS-CoV-2 has a short life. Virions tend to degrade in dry conditions and during irradiation by
ultraviolet light from sunlight or artificial sources. The harmful effect of UV reflects in cross-linking of
the purine and pyrimidine bases in the viral RNA. With these facts in mind, it is clear that the only chance
for the SARS-CoV-2 virus to survive is to nest itself in places where it is protected and appears in huge
numbers.

Following the reports on COVID-19 outbreaks in major U.S. and German meat processing facilities
[4,5], the meat industry became concerned over the possibility of transmitting the virus in the
slaughterhouse environment. Working conditions in slaughterhouses and meat processing plants are
aimed to maintain a low ambient temperature for food safety reasons. However, these conditions improve
the survivability of SARS-CoV-2 at lower temperatures in comparison to room temperature [6]. Next,
the coughing or sneezing of the infected workers in this environment is followed by airborne transmission
of the aerosolized virus from the lungs. Duration of the aerosol infectivity is mainly dependent upon
droplet size and air circulation intensity. Tiny virus-laden aerosol droplets evaporate quickly on the
surfaces, and if the intensity of air circulation in a closed environment is high, one could consider that
the virus does not vanish at all. The majority of slaughterhouses are equipped with a forced ventilation
system. The air exchange inside these facilities consists of forceful moving of outdoor air and
recirculating inside airflow. In some meat industries, operating procedures such as meat processing and
packaging involve minimal and close contact between the workers during all-day shifts, so the level of
air exchange strongly affects the distribution of SARS-CoV-2 aerosols indoors, presenting significant
risk.

2. Meat surface adsorption of the SARS-CoV-2
The WHO report declared the possible transmission of SARS-CoV-2 by frozen food packages in
February 2021 [7]. This report raised concerns if COVID-19 could be contracted by consumers coming
into contact with contaminated frozen foods and packaging. Of course, this virus is not a foodborne
pathogen, transmitted by a fecal-oral route such as Norovirus or Hepatitis A virus, diminishing the risk
of COVIDI19 contraction by oral consumption to almost zero. However, B-CoV genus coronaviruses such
as SARS-CoV and MERS-CoV substantially differ in transmissibility potential, which is reflected in a
violent spreading rate, particularly noted in crowded environments [8]. The deposition of virus-
contaminated droplets onto frozen meat and fomites significantly increases the risk of people being
infected through daily contact with contaminated surfaces or objects (fomites).

The adsorption of the SARS-CoV-2 virus on the surface of the frozen meat is dictated mainly by the
interplay of electrostatic forces' interactions between the virion and tissue (pH) and environmental
conditions (temperature and humidity) in the vicinity of adsorption micro-location.

2.1. The influence of pH on SARS-CoV-2 adsorption to the meat surface

In a normal living muscle, the pH is approximately 7.2. At this pH, myofibrillar proteins have a net
negative charge, otherwise responsible for water-holding capacity. Several hours after the slaughtering,
during the post mortem changes, the pH value of the muscle tissue drops to pH=5.4-5.8 (pork), i.c.,
pH=5.4-5.7 (beef). Once the isoelectric point of myofibrillar proteins is reached, they possess a net
neutral charge, decreasing their water-holding capacity.

The majority of SARS-CoV-2 virions carry a net negative charge at neutral pH since their isoelectric
point is below pl 7 [9]. However, the size of SARS-CoV-2 particles is relatively large (compared to other
RNA viruses). This results in extreme heterogeneity of its outer surface proteins that contain multiple
"patches" of positive and negative charge in the pH range rendering viruses stable [10, 11]. The
isoelectric point of the SARS-CoV-2 "spike" glycoprotein is pI=6.2 [12]. Suppose a SARS-CoV-2 virus
is transmitted on the surface of the muscular tissue when the meat pH is approximately 5.5. In that case,
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the net charge of the SARS-CoV-2 particle will become positive due to the protonation of both the
carboxylate and amine groups. Protonated amine group (NH3") will electrostatically bind to the electron-
rich meat matrix. At the same time, a hydrogen bond will be established between the COOH group of
the viral protein and oxygen in hydroxyl ((OH) groups present on meat surfaces. Both processes will
promote strong virus adsorption.

2.2. The effect of humidity and temperature molecules on SARS-CoV-2 adsorption to the meat
surface

The capacity of SARS-CoV-2 to survive and continue to be infectious is also governed by the humidity
and temperature [13]. The complex interaction between the virus and meat surfaces is primarily governed
by the surface energy of the water molecules [12].

In the liquid phase, present water molecules tend to shrink from their vapor phase on a surface
between the outer edge of the viral envelope and meat matrix. Subsequently, the shrinking of water
molecules forms liquid "bonds" of a curved shape [14]. The hydrophilic meat surface, coated with a thin
capillary water film, interacts with the SARS-CoV-2 virions by establishing strong hydrogen bonds
between water molecules and proteins protruding through the virus envelope. Furthermore, suppose there
is a gap between two adjacent virus particles whose distance is smaller than the distance between the
virus and meat surface. In that case, the water molecules can quickly fill that gap, creating an active
centre for further aggregation of SARS-CoV-2 particles.

Once the temperature in the environment rises higher than 12°C, the thin water engulfing virions into
complexes tends to vaporize, leading to molecular instability, significantly lesser water bridge-linking,
and a lower quantity of SARS-CoV-2 particles that potentially could adsorb onto frozen meat surface.
The fact indicates that in a slaughterhouse environment, at temperatures of 4-7°C, water molecules (meat
matrix, condensation, washing) play an essential role in keeping virus-laden droplets infectious long
enough.

3. SARS-CoV-2 survival in frozen meat

Currently, there is no scientific proof to support the hypothesis that handling or consumption of food is
associated with the contraction of COVID-19. Current scientific opinion is that the probability of
exposure of consumers to SARS-CoV-2 via food is very low with high uncertainty [15]. However, the
uncertainty associated with this estimate is high as there is still no evidence to confirm or refute the
hypothesis that people can be infected by ingesting SARS-CoV-2 in food.

Several published papers have dealt with the topic. A research study by Han et al. [16] investigated a
series of findings involving frozen food and storage environment as carriers of SARS-CoV-2, discussing
the likelihood of contamination in "cold chain." In the same study, the authors hypothesized that low
temperatures could generate a favorable condition for SARS-CoV-2 to maintain its viability during more
extended exposure. Next, Dhakal et al. [17] assessed for survivability of herpes simplex virus 1 and
SARS-CoV-2 in chicken and seafood. In this study, these two viruses were held at 4°C and at 0 h, 1 h,
and 24 h after inoculation. At all three time points, recovery of SARS-CoV-2 was similar from chicken,
salmon, shrimp, and spinach, ranging from 3.4 to 4.3 log PFU/mL. However, the rate of virus recovery
from apples and mushrooms at TO was significantly lower compared to poultry and seafood. In the end,
they discovered that direct comparison of infectious virus titers with viral genome copies using the
common RT-qPCR method could (at best) indicate only the presence of SARS-CoV-2 RNA. The result,
in no way, correlates with the number of infectious viruses. Moreover, Harbourt et al. [ 18] reported that
SARS-CoV-2 remains stable on porcine skin for 96 h at 22°C, 8 h at 37°C, and 14 days at 4°C In their
opinion, these findings indicate a substantial risk of infection and virus shedding by meat handling.
However, no published data exist on the long-term survival and infectivity of SARS-CoV-2 in essential
commodities such as beef and pork.
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4. Conclusions

In meat processing facilities where close-proximity working procedures are often encountered, the
aerosols from the respiratory tract of the infected workers act as a primary source for meat contamination.
The poor filtration of recirculated air, high relative humidity, and a slightly acidic pH favour electrostatic
adsorption of SARS-CoV-2 to the surface of frozen meat. Once adsorbed, SARS-CoV-2 is capable of
surviving chilling and most probably freezing temperatures. Although there is no proof of COVID-19
contraction by food consumption, the food business operators should be aware of potential risks of virus
transmission by meat. They should also implement more stringent antimicrobial measures during this
pandemic since the SARS-CoV-2 is way more resistant than bacterial flora commonly found in food
processing facilities.
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Abstract. Agriculture, as the most important strategic industry, is tasked with providing
sufficient quantities of quality and safe food. Intensive and often excessive, uncontrolled, and
unskilled use of the means for protection and nutrition of plants, as well as means for the
prevention or treatment of animals, are carried out to increase yields in conventional production.
This approach in food production has contributed to the increasingly common endangerment of
the health of plants, animals and humans, as well as significant environmental endangerment.
Unlike conventional production, organic food production is now increasingly attracting interest
from modern consumers. However, organic agriculture involves not only producing without
artificial fertilizers and other agrochemicals, but without antibiotics and hormones too. It is more
of a holistic production system that functions as a sustainable unit, and unites interconnected and
conditioned actors: plants, animals, microorganisms, insects, organic and mineral soil matter,
and humans. In Serbia, organic agriculture has been developing for the last thirty years.
However, the intensive development of organic agriculture has only happened in the last decade,
with plant organic production being more developed than animal organic production.

1. What is organic agriculture and organic food?

An estimated 1.8 billion people worldwide are involved in agriculture, with the majority of the
population using conventional principles of production. Conventional, predominant food production is
based on the requirement to meet the growing needs for large amounts of food, which is conditioned
primarily by population increase and society’s unstoppable imperative to increase available capital [1].
The quality of these foods has long been questioned, primarily due to the extensive and often
uncontrolled or unregulated use of agrochemicals, antibiotics, and hormones. In 2019, the agrochemical
market worldwide was worth approximately US$234.2 billion. This is expected to increase to more than
US$300 billion in 2025 [2].

Organic food production developed as a spontaneous and natural solution to this existing problem.
Organic production as part of ecological, sustainable development includes food production (primary
agriculture, processing to distribution), but also some other products of plant and animal origin (fabric,
leather). According to the National Organic Standards Board, it is “an ecological production
management system that promotes and enhances biodiversity, biological cycles and soil biological
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activity; it is based on minimal use of off-farm inputs and on management practices that restore,
maintain, and enhance ecological harmony” [3].

Based on these characteristics and combining the best elements of tradition, innovation and science,
the overall health of land, ecosystems and humans is achieved. In addition to the above and the most
comprehensive definition of organic production, there is a large terminological patchwork in the world
and in our country, which often confuses the public. Namely, only in Serbian and related languages,
there is talk of “organic production/agriculture”, “ecological production/agriculture”, “biological
production/agriculture”, ‘“alternative production/agriculture”, ‘“sustainable production/agriculture”,
“biodynamic production”, etc. On the other hand, in English literature, one can meet terms such as
“organic agriculture”, “organic production”, “organic farming” (U.S), whereby the author’s tendency is
to highlight the difference between this agricultural practice and “sustainable agriculture”. In addition
to the above, terms ‘“biological agriculture” (Germany, Denmark, Western European countries)
“produzione biologico”, “agricoltura biologica” (Italy), “production/agriculture biologique” (France)
are in use [4]. However, regardless of the term used, organic agriculture indicates activities aimed at
introducing an ecological dimension into agricultural production, i.e., management of agriculture with
respect to the principles of environmental preservation [5, 6].

Describing organic food, some authors tie it to principles of “biological” or “natural production” [7],
others associate it with “green concepts” and “environmental friendliness” [8], while some authors
identify it with the absence of the use of agrochemicals and veterinary medicines in food production [9].
In any case, organic food is “a result of the organic philosophy practices and principles” [10].

Organic agriculture is based on the application of the principles of agroecology, which includes a
prohibition on the use of artificial mineral fertilizers and pesticides, as well as genetically modified
organisms [8]. Similarly, related to animal production, organic production regulations prohibit the use
of hormones, growth promotors etc., while the use of antibiotics is severely restricted (they are allowed
only in special cases). It also prohibits the use of many other synthetic compounds that, as food additives,
are used in the conventional food chain (e.g., preservatives, colouring agents) [11, 12]. In organic animal
production, all actions are directed towards the health and well-being of domestic animals.

However, organic agriculture is not only producing without artificial fertilizers, other agrochemicals,
antibiotics and hormones. It is more of a holistic production system that functions as a sustainable unit,
and unites interconnected and conditioned actors: plants, animals, microorganisms, insects, organic and
mineral soil matter and humans [13]. In other words, the role of organic agriculture is to sustain and
improve the health of the ecosystem as a whole, as well as all present organisms, from the smallest ones
found in the soil, through plants and animals, to humans. On this basis, the International Federation of
Movements for Organic Agriculture [12] has defined the basic principles of organic agriculture
development, the primary goal of which is to produce high quality healthy food, with preventive
environmental action and well-being: the principle of health, the principle of ecology, the principle of
fairness and the principle of nurturing and aging.

Definitely, organic food is now increasingly attracting interest from modern consumers, and we can
see it as food that is grown with the utmost consideration for the environment and animals, and which
is safe and of suitable quality [11, 14].

2. Organic production in the world

According to the Food and Agriculture Organization (FAQO), organic agriculture is gaining popularity
among farmers and consumers around the world [15]. In the last 20 years, the area under organic
cultivation has nearly doubled, from 15 million hectares in 2000 to an estimated 71.5 million hectares
in 2018. Figures from 2019 show that India was the world’s leading producer of organic food (1.4
million organic food producers, which is higher than the number of all organic food producers in the
other nine leading countries in the world combined) [16]. The biggest consumers of organic food by
population are Denmark and Switzerland (where people spend about €344 and €338 per capita annually,
respectively, on organic food). Of the ten leading countries with the highest organic food consumption
per capita, the top eight are in Europe. In ninth and 10th place are the United States and Canada,
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respectively. On the other hand, although India has the largest number of organic food producers,
Australia has by far the largest share of organic agricultural land (approximately half of the world’s total
organic agricultural land). Behind Australia are Argentina and China with 5.08% and 4.39%,
respectively, of world organic agricultural land (Table 1).

Table 1. Organic agricultural land area worldwide in 2019, by leading country
(in million hectares) [16]
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3. Organic production in the Republic of Serbia

The first organized organic food production in Serbia and its exports to the EU market are tied to the
period three decades ago. That is when the Den Juro Organic company from Brus started developing
organic fruit production in southern Serbia (around Blace). Today, after 30 years of development,
exports of organic products from Serbia (2020) reached €37 million [17]. This is further encouraged by
the fact that over 80% of the land in Serbia is uncontaminated, which provides significant preconditions
for the development of this type of production [18]. Also, in parallel with the development and
institutional organization of the organic sector, public (consumer) awareness is developing, as well as
new markets in the country and the world.

During the past ten years, agricultural production in Serbia showed a growing trend (annual growth
was approximately 10%). Out of the total agricultural area (5,734,000 ha, of which 4,867,000 ha is
arable), about 0.60% is under organic production, in contrast to European countries where it is about
6%. In 2018 and 2019, we saw a significant increase in areas under meadows and pastures due to the
development of livestock production, which is developing more intensively in regions with hills and
mountains.

During 2019, organic plant production took place on an area of 13,725 ha (arable land — 9,880 ha,
meadows, and pastures — 3,845 ha), while an additional 7,539 ha is in the conversion period. In addition
to great interest from modern consumers, the government directly supports the development of organic
food production by implementing subsidies.

In Serbia, fruit, cereals, industrial and fodder plants are mostly grown according to the principles of
organic production. In fact, organic arable production (industrial plants, cereals, fodder, medicinal and
aromatic plants) is the most prevalent (it accounts for 57% of organic production), followed by fruit
production (33.5%), while vegetable production is very underrepresented (1.15%). Other crops make up
8.35% of organic production according to production area [17, 19].

Organic plant production by regions in Serbia is shown in Figure 1.
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Figure 1. Organic plant production in Serbia by regions

Organic livestock production in Serbia is still poorly developed. This can be explained by the fact
that this type of production is significantly more demanding than organic plant production. Namely, the
Law on Organic Production defined special construction, technical and sanitary conditions for the
facilities in which these animals are bred; their procurement procedures from other farms are strictly
controlled, while the manner of nutrition and treatment is tailored to the principles of ecology and safety.
At the same time, special conditions are prescribed for facilities in which organic products of animal
origin are produced, stored, and transported [18]. Most of all, poultry, bee societies, sheep and pigs are
bred this way [17, 19].

The basis for the development of organic production was accompanied by the development of
domestic legislation in this area (Law on Organic Production, Official Gazette of RS, No. 30/10,
Rulebook on Control and Certification in Organic Production and Methods of Organic Production,
Official Gazette of RS, No. 95/20, Rulebook on Documentation submitted to an authorized control
organization for issuing of certificate, as well as on the conditions and manner of sale of organic
products, Official Gazette of RS, No. 88/16), harmonized with the legal achievements of the European
Union, Codex Alimentarius (FAO/WHO), ISO documents, Council Regulation (EC) No. 834/2007,
Commission Regulation (EC) No. 889/2008.

4. Conclusions

The growing education level of modern consumers, accompanied by their expressed awareness of the
need for healthy food and healthy lifestyles, has contributed to increased interest and demand for organic
products. This legislated form of food production is particularly pronounced in highly developed
countries, where we have significantly higher demand relative to supply, which provides great
opportunities for the development of this agriculture sector. Organic agricultural production combines
the best models from nature with a high respect for environmental principles and the preservation of
natural resources, as an imperative to implement natural procedures and substances, while limiting or
completely eliminating synthetic chemical substances.

Today in Serbia, organic agriculture is increasingly popular and has a tendency to grow. Thanks to
its potential, which is primarily reflected in small properties, and on land that is not contaminated with
harmful substances, this type of agriculture can contribute significantly to the development of rural
areas, and thus, in general, to agriculture in the country.
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Abstract. The objective of this study was to investigate a possible relationship between blood
parameters related to animal welfare and defined beef meat quality characteristics during winter
and summer seasons in one small-scale slaughterhouse. At exsanguination, blood samples were
collected, and serum concentrations for total proteins (TP), albumin and C-reactive protein
(CRP) were evaluated. After 24 h of chilling, ultimate pH was measured and meat samples were
used for drip loss and cooking loss determination. Dehydration was not observed during seasons,
while elevated concentrations of TP accompanied by higher CRP values pointed to summer as a
more stressful season. Analysing the meat quality parameters, it was observed that during the
two seasons, ultimate pH values were in the range for normal meat acidification, but values for
drip and cooking loss were significantly increased during the summer season. In conclusion,
CRP could be used as potential biomarker for beef meat quality estimation, in the first instance
drip loss and ultimate pH.

1. Introduction

Beef meat quality has increasingly become an important production trait worldwide, both from the
aspect of customer satisfaction and of the economic profit of the industry [1-2]. Conditions and
procedures with animals, starting from the farm, during transportation and in the lairage period are just
some of the elements that could greatly affect the quality of meat [3]. Improper conditions at farm level
lead to animals’ adoption of the negative experience and inability to acclimatize to the new environment
[4-5]. Inadequate handling during transportation, dehydration, limited space in trucks, climatic
conditions, mixing of animals in the lairage, and social dominance are some of the disturbed procedures
that impair animal well-being and affect the level of the individual’s stress response [6-7]. Challenges,
especially before slaughter, activate an autonomic response, and as a product, glucocorticoids are
released, which perturb metabolism homeostasis, particularly at muscle level [8]. It has been reported
that in term of returning the homeostasis balance, synthesis of acute phase proteins, depending on the
type, is increased or decreased in order to gain protective effects against acute stressors [9-10]. Unlike
pigs, humans and dogs, in cattle, C-reactive protein (CRP) is not considered as prototypical acute phase
protein which could be used for diagnostic herd health assessment [11]. Despite its synthesis during
acute infection, it has been observed that during severe stressful reactions, a large amount of CRP is
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released in the blood with the purpose of achieving immediate protection [12]. All the above mentioned
adverse conditions of the animal production cycle can alter meat quality parameters, particularly due to
impaired pH, affecting water holding capacity, meat tenderness and colour [13-14].

The objective of this study was to investigate a possible relationship between blood parameters
related to animal welfare and defined beef meat quality characteristics during winter and summer
seasons in one small-scale slaughterhouse.

2. Materials and methods

The study was conducted on 44 Simmental crossbreed bulls, 22 per season with an average live weight
of 550420 kg. The transport distance was short, about 70 km, and animals were rested for 1 h at lairage.
The sampling was performed during February and July, referred as winter and summer season,
respectively. During exsanguination, a plastic cup was used to collect the blood samples which were
immediately transferred to the tube with potassium oxalate. Within 4 h, the samples were centrifuged at
2500 rpm, and the serum was separated and immediately frozen for further analysis. The serum samples
were analysed for total protein (TP), albumin and CRP concentrations using an automated analyser
(Architect ¢8000, Abbott, Wiesbaden, Germany).

Ultimate pH of Musculus Longissimus dorsi was measured after 24 h of chilling between the 10th
and 12th ribs using a portable pH meter (Testo 205, Testo AG, Lenzkirch, Germany). From the same
anatomical position, 2.54 cm thickness meat samples were taken for water holding capacity
determination. Evaluation of water holding capacity was done using two methods: drip loss and cooking
loss. Drip loss was tested using a bag method [15] by measuring the initial weight of each individual
meat sample and weighing it again after 48 h of storage period at 4 °C. Differences of two weights gave
drip loss percentage. Thereafter, the samples were put in plastic zip bags, boiled until reaching 75 °C of
internal temperature, cooled under chilled conditions (1-4 °C) and then re-weighed [15]. Cooking loss
was expressed as a percentage of initial weight.

Before any statistical analysis, the obtained data were checked for normality using Shapiro-Wilk test
(P>0.05) and outliers were rejected. Differences between winter and summer seasons in terms of meat
quality parameters (pH, drip loss, cooking loss) and animal-related factors (TP, albumin, CRP) were
evaluated using Student’s t test. Pearson’s test was also used for estimation if there was any correlation
between and within meat quality and animal-related characteristics. Statistical analysis of the results
was performed using SPSS 21 software package.

3. Results and discussion

Concentrations of TP and CRP taken from the bulls during summer season were significantly increased
while albumin concentration as an indicator of dehydration was slightly increased, but not significant
(Table 1). Dehydration, as a negative state of transportation and lairage conditions, particularly with
long journeys was not manifested in this case, because it was a short transport with relatively short
animal retention at abattoir level [16].

Table 1. Evaluation of animal-related parameters in bulls during two seasons

Winter Summer
TP g/L 66.09+1.08° 70.86+0.95°
Albumin g/L 30.32+0.49° 31.05+0.48°
CRP g/L 2.49+40.13° 3.41£0.27°

Values are shown as arithmetic mean + standard error of the mean.
Values with different lowercase letters (a-b) in the same line differ significantly (P<0.05)
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However, concentration of total serum proteins in the summer season may be an indicator of increased
globulin fraction in the blood, including acute phase proteins, which was accompanied by elevated CRP
concentration. Evaluating the concentration of CRP, it could be stated that summer as a season was more
stressful for bulls, which is not in agreement with a study conducted in Spain where the winter season
was significantly more stressful [17].

Analysing the meat quality parameters, it was observed that during the two seasons, ultimate pH values
were in the range for normal meat acidification, but water holding capacity was significantly decreased
during the summer season (Table 2). When the ultimate pH approaches the isoelectric point, the ability
of muscle proteins to bind water is diminished, resulting in greater water release [18]. Within the
complexity of water retention at protein level, the elevated stressful reaction, with possible heat stress
and decreased ultimate pH, additional analyses are required for better understanding the glycolytic
potential of the meat and the development of rigor after slaughter [19].

Table 2. Examination of meat quality parameters during two seasons

Winter Summer
pH 5.77£0.04* 5.61+0.03°
Drip loss % 1.68+0.21% 2.99+0.27°
Cooking loss % 26.73+1.36% 32.71+0.60P

Values are shown as arithmetic mean + standard error of the mean.
Values with different lowercase letters (a-b) in the same line differ significantly (P<0.05)

Correlation coefficients among investigated variables are shown in Table 3. Ultimate pH had an
intermediate negative correlation coefficient with drip loss and cooking loss, which was also confirmed
in a Hungarian Simmental bull study [20]. It indicates that as pH increased, drip and cooking loss
decreased, and vice versa. On the other hand, CRP was negatively correlated with ultimate pH and
positively with drip loss, at intermediate level. Practically, this means as CRP concentration increased,
ultimate pH decreased and drip loss increased. Based on above, ultimate pH could be used as prediction
indicator for water holding capacity post mortem, and CRP for ultimate pH and drip loss pre mortem.
More studies are needed to confirm these facts, especially within the occurrence of dark, firm and dry
meat.

Table 3. Correlation coefficients among investigated variables

pH 20 Drip loss %  Cooking loss % TP g/L Albumin g/L
CRP g/L -0.40%* 0.48%* 0.25 0.24 0.49%*
Albumin g/L -0.26 0.22 0.13 0.42%*
TP g/L -0.32% -0.13 0.29
Cooking loss % -0.55%* 0.43*
Drip loss % -0.57**
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* P<0.05
** P<0.01

4. Conclusion

Based on the results of this study, CRP could be used as potential biomarker for beef meat quality
estimation, in the first instance for drip loss and ultimate pH. Recognition and identification of
indicators, important in terms of animal well-being, stress and meat quality and their incorporation in
animal production cycle is necessary, with the purpose of achieving higher customer satisfaction and
profitability of producers.
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Abstract. Yogurt is one of the most popular fermented dairy products with a worldwide
acceptance. There are many types of yogurt differing in flavor, physical and chemical properties.
Yogurt is produced by adding bacterial culture of Lactobacillus delbrueckii subsp. bulgaricus
and Streptococcus thermophilus to milk and cream products. During the period from January
2017 to December 2020, a total of 202 yogurts from different small and medium sized dairy
plants were analyzed as part of HACCP self-control programs. The determination of
Enterobacteriaceae was performed as an alternative indicator of good hygiene practice. The
results showed that 21.29% of analyzed yogurts contained more than 10 CFU/g
Enterobacteriaceae, which is the evidence of poor hygiene or inadequate processing, process
failure and post-process contamination. Generally, dairy products are potential vehicles for
microorganisms from the Enterobacteriaceae family. Good manufacturing practices and good
hygiene practices must be followed throughout the production line thoroughly. The absence of
classic foodborne pathogens does not indicate that the yogurt is fit for consumption, since other
potentially pathogenic bacteria of the Enterobacteriaceae family could be present. Thus, rather
than pathogen testing, using Enterobacteriaceae to monitor the effectiveness of implemented
preventive prerequisite measures could offer a better view of the quality, sanitary conditions, and
safety of yogurt products.

1. Introduction

Yogurt is one of the most popular fermented dairy products with a worldwide acceptance [1]. There are
no available records regarding the origin of yogurt, but it is believed that milk fermentation dates to
10,000-15,000 years ago, together with beginnings of animal domestications. Ancient civilizations such
as the Sumerian, Babylonian, Pharonic, Indian, Greek and Roman used to make yogurt in order to
preserve milk and extend its shelf-life [2, 3].

At present there are many types of yogurt produced worldwide, which differ in flavor, physical and
chemical properties [4]. According to the current requirements of the Serbian Rulebook on milk products
[5], yogurt is defined as a fermented dairy product produced by adding characteristic bacterial cultures,
Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus thermophilus to milk and cream
products.
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This easily digestible dairy product is highly nutritious. Although the nutritional composition of
yogurt can vary, depending on type of milk used, animal species the milk is obtained from, strains of
starter culture used in the fermentation, adding and length of fermentation, it is, generally, a rich source
of proteins, carbohydrate, minerals such as calcium and phosphorous, and vitamins such as riboflavin
(B2), thiamin (B1), cobalamin (B12), folate (B9), niacin (B3) and vitamin A [6]. However, highly
nutritious yogurt is suitable for bacterial growth. During its manufacturing, processing, storage,
distribution, and marketing, this dairy product can be subject to inadequate hygiene conditions, which
can promote spoilage and contamination with pathogenic microorganisms, including
Enterobacteriaceae [7].

The Enterobacteriaceae family comprises a large group of Gram-negative non-spore-forming
bacteria. These facultative anaerobes include some harmless commensal species as well as important
human and animal pathogens. Their ubiquitous distribution means that it is inevitable that some
members of the Enterobacteriaceae will enter the food chain. This family includes a large number of
organisms (Escherichia, Salmonella, Shigella, Yersinia, Klebsiella, Enterobacter, Serratia, Citrobacter,
Proteus, Edwardsiella, Erwinia, Morganella and Providencia) [8, 9]. So, as an alternative indicator of
good hygiene practice in the yogurt production line, Enterobacteriaceae can be used.

The purpose of this paper was to present the occurrence of Enterobacteriaceae in yogurt in small
and medium sized dairy plants from Vojvodina, Serbia and to emphasize the importance of good hygiene
practices along the yogurt production line.

2. Materials and methods

During the period from January 2017 to December 2020, a total of 202 yogurts from different small and
medium sized dairy plants were collected. All samples were part of HACCP self-control programs. The
yogurt samples were transported from the dairy plants to the laboratory of the Scientific Veterinary
Institute Novi Sad in cooling transport boxes at < 4 °C in their original packages, and analyzed for the
presence of the Enterobacteriaceae following the standard method ISO 21528-2 [10, 11] within 24
hours. After incubation on violet red bile glucose agar (VRBG) (Biokar Diagnostics, France),
characteristic pink to red or purple colonies were selected for biochemical confirmation tests. For
oxidase reaction, commercially available disks were used (Himedia, India). All oxidase negative
colonies were further analyzed for glucose (Biokar Diagnostics, France) fermentation. Results of the
microbiological analyses were expressed as number of bacteria per milliliter (CFU/mL).

3. Results and discussion

The Enterobacteriaceae incidence in yogurt is shown in Table 1. In total, 21.29% of analyzed yogurts
contained more than 10 CFU/mL Enterobacteriaceae. The Serbian Rulebook on food hygiene
requirements [12] limits the number of Enterobacteriaceae in pasteurized milk and other pasteurized
liquid dairy products to no more than 10 CFU/mL throughout the shelf-life. The popularity of yogurt as
a fermented dairy product recommended for both children and adults has led many microbiologists to
focus on its quality and safety.

Table 1. The number of Enterobacteriaceae (CFU/mL) detected in yogurt samples

Enterobacteriaceae (CFU/mL) No of yogurt samples % of yogurt samples

<10 159 78.71
11-50 15 7.43
51-100 8 3.96
101 -300 9 4.45
>300 11 5.45

Total 202 100.00
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Generally, Enterobacteriaceae are considered as process hygiene indicators. In the study conducted by
N'Guessan et al. [13] similar results were presented, where the Enterobacteriaceae was above the limit
in 21% of yogurt samples. In our study, 5.45% of yogurt samples contained > 300 CFU/mL of
Enterobacteriaceae. In a study conducted in Albania 34.58% of collected samples counted > 300
CFU/mL of Enterobacteriaceae [14].

Enterobacteriaceae in yogurt indicate evidence of poor hygiene or inadequate processing (especially
heat-treatment), process failure and post-process contamination. The failure to respect hygiene rules can
take place in different parts of the production line. The need to improve microbiology, biochemistry and
food engineering has yogurt production a complex activity. The generalized process of yogurt
manufacture is comprised of standardization of milk, homogenization, pasteurization, cooling to
incubation temperature, fermentation, cooling, packaging and storage [15].

The first step in safe fermented dairy products surely is the primary production of milk. Namely,
dairy farms can be important reservoir of Enterobacteriaceae. They are ubiquitous in the environment
from which they contaminate the cow, equipment, water, milkers’ hands and milking machines.
Contamination of milk can be due to excretion from the udder of an infected animal during the milking
process [16]. These bacteria can also appear during collection and transportation of milk. Further
manipulation of milk is equally important. The heat treatment of milk has a number of beneficial effects.
One of them is to reduce the number of microorganisms present in milk [1]. Various heat treatments can
be applied. Usually, the milk mixture is pasteurized at 85 °C for 30 minutes or at 95 °C for 10 minutes.
A high heat treatment is used to denature the whey proteins and allows the proteins to form a more stable
gel [17]. The high temperature further reduces the number of microorganisms in the milk to provide a
better environment for the starter cultures to grow. Milk intended for yogurt production is pasteurized
before the starter cultures are added to ensure that the cultures remain active in the yogurt after
fermentation to act as probiotics. However, bacteria from water and air in the filling equipment or
immediate surroundings can recontaminate the product [18]. Post-pasteurization contaminations of
yogurt are mainly due to the presence of biofilms on contact surfaces of filling machines [19]. Biofilms
are matrix-enclosed bacterial populations [20]. Due to their resistance, they are difficult to eradicate
with conventional cleaning and disinfection regimens [19]. Yogurt packaging ensures its hygienic
condition is maintained and protected during distribution.

For years, coliform testing has been used to indicate the hygienic condition of dairy products. Studies
between 2001 and 2010 have shown post-processing contamination with coliforms in 7.6-26.6% of
tested U.S. fluid milk samples [21]. Generally, coliforms are Gram-negative, aerobic or facultative
anaerobic, non-spore-forming rod shaped bacteria. Coliforms are capable of fermenting lactose,
resulting in gas and acid production [22]. A majority of the yogurt samples collected in Cameroon from
2012 to 2013 had coliform counts higher than 10> CFU/mL [23]. Thereof, from 72 bacterial isolates
previously considered as coliforms, 21 Enterobacteriaceae species were identified. The carbohydrate
specified in the coliform test is lactose. Lactose is not fermented by Salmonella, Shigella, or Yersinia,
so their presence would not be detected by the test. However, substituting glucose for the lactose in the
test would allow detection of all members of the Enterobacteriaceae, including the pathogens.
Enterobacteriaceae have greater resistance to environmental conditions than the coliforms, so they may
be better indicators of sanitation [24].

Also, older starter culture can be a source of contamination. Survival of Salmonella spp. was noticed
in 4% of commercial collected yogurt samples in the study conducted by Motawee et al. [25]. With
testing of 211 bacterial isolates, Hervert et al. [26] demonstrated that testing for Enterobacteriaceae
offers a more comprehensive indicator for the hygienic status of dairy products and processing
environments when compared with coliform organisms.

4. Conclusion

Dairy products are potential vehicles for microorganisms from the Enterobacteriaceae family. Good
manufacturing practices and good hygiene practices must be followed thoroughly throughout the yogurt
production line. The absence of classic foodborne pathogens does not indicate that the yogurt is fit for
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consumption, since other potentially pathogenic bacteria of the Enterobacteriaceae family could be
present in the food. Thus, using Enterobacteriaceae to monitor the effectiveness of implemented
preventive prerequisite measures could offer a better view of the quality, sanitary conditions, and safety
of yogurt products. Testing for Enterobacteriaceae is useful to verify that the hygiene measures in a
manufacturing facility are working as intended.
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Abstract. The existing approaches to the methodology of using proteomic and mass-
selective methods for the analysis of the component composition of meat product proteins
are systematized, formalized and modified. The scientific and practical foundations of a
systemic proteomic strategy for identifying the protein composition of meat raw materials
and the authenticity of meat products have been developed. A scheme for constructing
proteomic maps and spectra of identified proteins and peptides of meat and meat products
using bioinformatic data processing has been developed, and a scheme for choosing a
research methodology as a tool for identifying and confirming the composition of meat
products has been formed.

1. Introduction
One of the main problems of modern production of meat products is the quality of raw meat,
which depends on various factors, including genetic components, conditions of transportation,
production and processing. The most significant components of meat are proteins, the total
content, structure and functional state of which is constantly changing as part of this complex
biological system, with a large number of interacting components. Recently, there has been an
intensification of research on the patterns and mechanisms of transformations of biomolecules, in
particular proteins, under the influence of endogenous and exogenous factors. The science of meat
is developing especially intensively in this direction. In particular, study is intensified on the
influence of the protein phenotype, that is, the individual combination of external and internal
factors on the change in protein expression and, as a result, the change in the composition and
properties of animal tissues. Mammalian tissue samples usually contain from 10,000 to 30,000
different types of proteins, so it is necessary to use a wide range of methods in order to
simultaneously prepare, separate and quantify the results of the synthesis of these thousands of
proteins. The study of changes in proteins during autolysis, or under the influence of heat
treatment, and the possibility of quantitative and qualitative determination of the composition of
raw meat or finished meat product and its components determine the ways the acquired
knowledge is practically used. These aspects, together with the confirmation of food safety, form
the scientific basis for monitoring raw materials and food products, which is becoming an
increasingly urgent task worldwide. Proteomics provides identification and quantitative
determination of all proteins in the sample, and most importantly, monitoring of their changes.
Proteomics should become an effective tool for solving this problem. Proteomics is the main
direction of functional genomics, within which it is possible to conduct a highly reliable analysis
of meat products. With the help of this methodology, impressive results have already been
obtained in almost all areas of biomedical research. Currently widely used methods of studying
the proteome — two-dimensional electrophoresis with subsequent identification of the detected
proteins by mass spectrometry and interpretation of data using bioinformatics, require refinement
and adaptation for the study of animal tissues and meat products. All these methods have their
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own individual advantages and limitations, and none of them is equally well suited for analyzing
all the types of proteins present in a complex tissue sample. The complexity of adapting the
methods to complex meat products is explained by (1) high-temperature heat treatment leading to
protein denaturation; (2) the multicomponent composition of the meat product, in which muscle,
milk, egg and vegetable proteins can be present simultaneously, while being from several species
of animals, plants or poultry; (3) the need to identify proteins with one molecular weight or one
pl.

Therefore, the use of bioanalytical methods for proteomic studies of meat product samples is
an actual and modern approach. Such studies are conducted in order to establish the functional
role of each of the identified proteins. Depending on the type of organism and the metabolic state
of the cells, the proteome can contain from several thousand to hundreds of thousands of proteins.
Many of them undergo gene expression, the nature of which is often impossible to predict [1].

One of the most promising areas of research on changes in proteins under the influence of
technological processing is the identification, study and determination of the possibility of
practical application of biomarkers of these changes.

It is obvious that over the past five years, the number of proteomic studies aimed at studying
meat proteins has increased significantly, which opens up the possibility of their routine use in
control and analytical laboratories engaged in the analysis of the quality and safety of meat
products in the future. In the database of the V. M. Gorbatov Federal Research Center for Food
Systems of the Russian Academy of Sciences, work was carried out to develop a scientific and
practical model for identifying tissue- and species-specific substances of protein nature in meat
products, on the basis of which tools were developed to confirm the authenticity of meat products
and a product passport developed according to generally accepted regulatory documentation.

Of undoubted scientific interest is the potential: of using the proteomic strategy as a tool for
studying the protein profile of objects of plant and animal origin; of identifying biomarkers of
technological processes, for qualitative and quantitative identification of the composition of raw
materials and finished meat and meat-growing products and; for studying the mechanisms of
proteome changes for the directed formation of the specified characteristics of animal raw
materials.

2. Materials and Methods

Research on the identification and identification of muscle proteins of meat raw materials and
processed products included the study of the protein composition of muscle tissue of various types
of animals and poultry and meat products produced from them. Experimental studies were carried
out in accordance with the tasks set at the V. M. Gorbatov Food Systems Research Center of the
Russian Academy of Sciences in the Research and Testing Center. Some stages of the work were
performed on the basis of the FITC of Biotechnology of the Russian Academy of Sciences.

In accordance with the purpose of the work, the objects of research were:

- m. longissimus dorsi: pork, beef, horse meat, camel meat;

- pectoral muscles of poultry (chicken, turkey);

- model minced meat from m. longissimus dorsi animals and poultry pectoral muscles in a 1:1
combination;

Experimental batches of meat products were manufactured in industrial conditions of the meat
processing plant, in accordance with GOST R 52196-2011 and GOST 33673-2015, and also were
taken from the retail network (various manufacturers), including those developed according to
technical specifications.

When performing the work, a set of generally accepted, standard and modified proteomic
methods was used, including descriptive, analytical, inductive and deductive methods in general
domestic and foreign literature, which were used to ascertain the existing methodologies for
identifying tissue-and species-specific substances of protein-peptide nature in meat products.
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The research was based on an extraction-fractional approach to conducting proteomic studies,
with further mass spectrometric identification using the bottom-up methodology and
bioinformatic interpretation of the results obtained, characteristic of meat products [2-6].

The identification of protein fractions on two-dimensional electrophoregrams (2DE) was
carried out after trypsinolysis by MALDI-TOF MS and MS/MS mass spectrometry on a MALDI-
time-of-flight Ultraflex mass spectrometer (Bruker, Germany) in the mass range of 500-8000 Da.
The analysis of the obtained mass spectra of tryptic peptides was performed using the Mascot
program (Matrix Science, USA), with an accuracy of determining the mass of MN+ equal to
0.01%, searching the databases of the National Center for Biotechnological Information of the
USA (NCBI) [7]. Individual proteins and peptides were determined by manual processing by
comparing amino acid sequences during protein sequencing. In the comparative analysis of the
proteomic profiles of the presented samples, the information modules “Cow skeletal muscle
proteins (Bos taurus)”, “Pig skeletal muscle proteins (Sus scrofa)”, “Horse skeletal muscle
proteins (Equus caballus)” and “Camel skeletal muscle proteins (Camelus bactrianus)” of the
multilevel database “Proteomics of muscle organs” were used (http://mp.inbi.ras.ru). The poultry
were additionally identified using NCBI databases.

3. Results and Discussion

As a result of the research conducted to modify classical methodologies for fractionation and
identification of the composition of muscle proteins from farm animals and poultry, special
approaches were developed [8-10]. They reflect the use of proteomic methods for the analysis of
muscle proteins in the study of meat raw materials, and the identification and identification of
tissue- and species-specific substances of protein nature in muscle tissue, which laid the scientific
and practical foundations to create a systematic proteomic strategy for identifying the protein
composition of meat products. The hierarchical scheme of the practical implementation of the
strategy for studying the muscle proteome of farm animals and poultry is shown in Figure 1.
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Figure 1. The hierarchical scheme showing practical implementation of the research strategy
for the muscle proteome

The construction of proteomic maps of proteins in raw materials and meat products is based

on the complex application of individual monomethodologies such as:

- electrophoresis (1D, 2D) — obtaining a protein pattern from a sample

- time-of-flight mass spectrometry — obtaining the spectrum of detected proteins and peptides
from a sample;

- bioinformatic data processing — comparison of the amino acid sequence of proteins with the
database of decoded genomes of similar species and identification by the corresponding
transcripts (in the absence of information in the database), to identify each protein from the
resulting pattern;

- analysis and archiving of the received information.

Bioinformatic data processing was used not only as an evidence base for the identification of
proteins and peptides from samples, but also for the quantitative identification of the identified
fractions.

The bioinformatic interpretation of the results obtained made it possible to formulate and
significantly expand approaches to the identification and quantitative determination of protein
markers that signify the quality, functionality and safety of meat raw materials (detection of
falsification, determination of the presence of allergens) in finished meat products.

According to the obtained data, the information is systematized using bioinformatics methods,
which is successfully integrated into the proteomic strategy used in the system of multi-level
control of the origin of raw materials in meat products. It seemed interesting to form an assessment
system for the control of the composition of meat products, aimed at identifying cases of violation
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of established recipes by a set of methods for a two-level system of screening and arbitration.
Figure 2 shows a multi-level system for the selection of methods previously evaluated for the
identification of the composition of meat products.
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Figure 2. A two-level control system for the composition of meat products
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Thus, a review of existing methodological approaches and their experimental confirmation
revealed the absence of one specific method that would solve such an urgent problem as the
quantitative determination of undeclared components in meat products. In accordance with the
prospects for inclusion in the system of multi-level control of the composition of meat products,
ICA and/or ELISA (inexpensive methods, with a high level of reliability) is recommended as a
screening method, and LC-MS as an arbitration (confirming) identification method (p <0.05).
When analyzing the complementarity of the considered methods, it is worth using two or three
methods together:

- IFA/IHA: within the framework of production control, in the context of rapid decision-making;
- IFA/MS: within the framework of confirmatory (arbitration) control, as the most highly reliable
method;

- ldentification of the ICA/2D/MS biomarker: within the framework of confirmatory
(contradictory) control, as the most indicative confirmation.

4, Conclusion

Modern analytical technologies based on a systematic approach to analysis are required to study
interspecific and intraspecific features of meat proteins and their transformation during
maturation and technological processing. Proteomics opens up wide opportunities in this direction
as a methodology for studying proteins in a certain system and at a certain time, which allows
identification of complex patterns between the state of proteins, and the functional and
technological properties of raw materials and processing methods. Proteomics also enables
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development of accurate analytical methods for searching for biomarkers and identifying unfair
practices. Therefore, the introduction of proteomics should be considered as an important step
towards achieving higher quality of raw materials and sustainable production development.

As a result of the conducted research, a comprehensive approach has been developed to
identify species-and tissue-specific substances of a protein nature when controlling a meat
product. The proposed proteomic strategy in the study of the introduction of qualitative indicators
in meat raw materials will combine the identification of the protein composition of meat products
with a scheme for the identification and determination of the composition of protein and non-
protein components in products, as well as additives of vegetable or animal origin.
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Abstract: The aim of this study was to determine levels of nitrites in some meat products sold
on the Serbian market over a period of 3 years (2018-2020) and to compare results with
maximum residue levels as well to discuss dietary exposure of the Serbian adult population to
nitrites. A total of 1291 meat product samples, produced by the Serbian meat industry or imported
(509 dry fermented sausages, 37 semi-dry fermented sausages, 451 finely minced cooked
sausages and 294 coarsely minced cooked sausages), were obtained from the Serbian retail
market during 2018-2020.Higher mean levels of nitrite content, expressed as NaNO», were found
in cooked sausages (40.35 mg kg™!, finely minced and 33.75 mg kg!, coarsely minced) compared
to fermented sausages (1.86 mg kg™ dry fermented and 1.83 mg kg*!, semi-dry fermented).The
average dietary exposure to nitrites, expressed as nitrite ion, for the Serbian adult population
varies from 0.001 to 0.015 mg kg'body weight (BW) day™!' and was far below the European
acceptable daily intake (0.07 mg kg™! BW day™). In conclusion, the concentrations of nitrite in
all meat products were below established maximum permitted levels (national and European),
indicating that the use of nitrite as a food additive in Serbia is generally in line with existing
regulations.

1. Introduction
Protecting consumer health through improving food safety and quality has been an increased focus for
both food processors and researchers. Consumers today are much more demanding in terms of food
quality and safety, and product labelling, while producers are determined to implement necessary
standards in food production, etc. [1]. The main goal of the meat industry is reducing economic losses
and increasing the shelf life and storage stability of meat products while maintaining consumer health.
The use of curing agents (nitrite, nitrate) in meat processing has been a controversial issue since the
1970s. The mechanism of curing colour formation is well known and has been summarised by Honikel
[2]. Nitrates and nitrites, in the form of the sodium and potassium salts, are widely used as preservatives
in meat production. From the technological point of view, the main reason for adding nitrites and/or
nitrates in the processing of meat products is to improve the quality (formation the unique pink colour,
texture and flavour), [2, 3, 4], durability, due to its antioxidant action against lipid oxidation [5] and
increase the safety of products [6, 7]. Taken together, because of their antimicrobial properties, they
inhibit the growth and reproduction of bacteria Staphylococcus aureus and Clostridium botulinum. As
an unstable ion, nitrite undergoes a series of reactions as soon as it is added to food. In an acid
environment, nitrite is converted into nitric acid, which decomposes into nitric oxide. Nitric oxide, being
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an important product from the standpoint of colour fixation in cured meat, reacts with myoglobin to
produce a red pigment-nitrosomyoglobin [8]. The intake of nitrite is normally low and not an acutely
toxic dose, but nitrite in food is considered primarily to cause health problems because its presence both
in food and in the body could lead to the formation of carcinogenic nitrosamines [9, 10] and the clinical
symptom of methemoglobinaemia [11, 12]. Time, temperature, pH and additives have an important
effect on the depletion of nitrite in cured meat [8]. The contribution of dietary intake is given by
exogenous nitrite via consumption of vegetables, fruits, water and meat. Cured meat products are the
major source of the nitrites and N-nitrosamines in human dietary intake. Many studies have suggested
that high dietary nitrate and nitrite intake is an aetiological factor in the development of certain cancers
[13]. It is now well understood that endogenously acquired nitrate/nitrite can be converted to
carcinogenic N-nitroso compounds upon digestion [14, 15]. Large amounts of these compounds in the
body contribute to the development of cancer in gastrointestinal tract organs, the most commonly
affected being colon, rectum, liver, thyroid and stomach [16]. The use of nitrite could lead to the
formation some acute and chronic toxicity such as methemoglobinaemia, thyroid disorders and
increased risks of gastric, oesophageal, nasopharyngeal and bladder cancers [17, 18, 19]. Nevertheless,
some authors revised this risk downwards and claimed that nitrate and nitrite could have potential
beneficial effects on human health by reducing hypertension and cardiovascular diseases [20, 21].
Another aspect to consider is the fact that there is no direct link between the in-going and the residual
amount of nitrite, but the degradation of nitrite added to meat is influenced by several factors like pH,
storage temperature, heat treatment of meat and the presence of reducing substances. Added ascorbate
especially will increase the rate of degradation of nitrite [22].

The current Serbian legislation has restricted the concentration of residual NaNO, in processed meat
to 100 and 150 mg kg™!' depending of the type of product [23, 24] whereas regulation in Europe permits
concentrations up to 100 mg kg' [25].The Joint Expert Committee on Food Additives (JECFA)
established an acceptable daily intake (ADI) for nitrite of 0-0.07 mg kg™ body weight, expressed as
nitrite ion on the basis of a no effect level (NOEL) of 6.7 mg kg body weight per day for effects on
heart and lung in a 2-year study in rats and a safety factor of 100 [19, 26, 27].

The aims of this study were to determine the levels of nitrites in some meat products sold on the
Serbian market over a period of 3 years (2018-2020) and to compare the results obtained with maximum
permitted levels (MPL) [23], as well as to estimate and discuss dietary exposure of the Serbian adult
population to nitrites.

2. Materials and Methods

2.1. Meat products and sample preparation

A total of 1291 meat product samples, produced by the Serbian meat industry or imported (509 dry
fermented sausages, 37 semi-dry fermented sausages, 451 finely minced cooked sausages and 294
coarsely minced cooked sausages) were obtained from different regions from the Serbian retail market
during 2018-2020. In the most of the meat products, all parameters of quality defined by the legislation
were examined, and in a smaller number, analyses were carried out as per client’s request. The content
of nitrite in examined meat products was determined according to the standard ISO procedure [28].

2.2. Exposure Assessment and risk characterization

The estimated daily intake (EDI) of nitrite from processed meat by consumers was calculated based on
the individual food consumption data [29], body weight [30] and the analytical results obtained in the
present study for the collected meat samples.

2.3. Statistical analysis
For statistical evaluation on data, Minitab 17 Ink statistical software was used ((Minitab Ink., Coventry,
UK).
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3. Results and discussion

The results of the determination of nitrite content in each type of processed meat products, expressed as
minimum, maximum, mean and median as well as number of tested samples and MPL are presented in
Table 1 and Figure 1. The data of the EDI for nitrite in the examined processed meat products are shown
in Table 2. None of the analysed meat products exceeded the maximum permitted nitrite level of 150
mg kg!, according to the Serbian legislation on food additives [23].

Table 1. Mean levels and ranges of nitrite content expressed as NaNO» (mg kg!) in examined
processed meat products; limit of quantification =0.03 mg kg™!

Meat product N n (%) Mean £SD Mean +£SD Median Min-Max MPL
(mgkg')* (mgkg™")® (mgkg')*  (mgkg)  (mgkg"
Dryfermented so9 332 1.86+2.68 2.8542.87 1.905 0.05-24.88
sausages (65.2)
Semi- 23
dryfermented 37 (75.6) 1.83+£2.48 2.42+2.60 1.36 0.1-10.02
sausages )
. 150
Finely 451
mincedcooked 451 (100) 40.35+£19.93 40.35+£19.93 40.30 0.09-94.57
sausages
Coarsely minced 5, 292 337519340 3375:2340 3166  0.05-113.51
cooked sausages (99)
Total 1291 (};150:) 22.57+24.22 26.41+24.18 23.26 0.05-113.51

N-total number of analysed samples; n—number of samples that contained nitrite (%); * mean nitrite content in the
total number of analysed samples; ® mean/median nitrite content in the number of samples that contained nitrite;
MPL-maximum permitted level [23].

Table 2. Estimated dietary intake and risk characterization of nitrite ion (NOy) intake.

Mean £SD ADC (nlligll):g'l Contribution to (Iﬁ;(Ig
-1 1 0
(mgkg ) (gday ) deay-l) ADI (A’) IBWday-l)

Dryfermented sausages

1.24+1.80 0.001 1.42
Semi-dry fermented
SAUSALES 1.22+1.65 0.001 1.42

183 0.07

Finely mincedcooked ¢ 99,13 59 0.015 21.42
sausages
Coarsely minced 22.50+15.60 0.012 17.58
cooked sausages
Average 12.96+20.50 0.007 10.46

Nitrite ion content (66.65% of NaNO,); ADC—average daily consumption of meat products [29]; EDI—estimated
daily intake; BW —default body weight value for adults was 70 kg [30]; ADI-acceptable daily intake [19, 26].

The levels of residual nitrite and nitrate in processed meat products are variable depending on the
time and temperature used during processing and storing, the initial addition of nitrite and nitrate, the
composition of the meat, pH, addition of antioxidant components such as ascorbate and the presence of
microorganisms [2, 31]. Honikel [2] estimated that the decline in nitrite levels due to heating during
manufacturing is about 35% of the added level, and thereafter, there is a continuing decrease in nitrite
levels during storage. Higher mean nitrite contents, expressed as NaNO», were found in cooked sausages
(40.35 mg kg!, finely mincedand 33.75 mg kg!, coarsely minced) compared to fermented sausages
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(1.86 mg kg!, dry fermented and 1.83 mg kg'!, semi-dry fermented). In 65.2% (332 samples) of
examined dry fermented sausages and 75.6% (28 samples) of semi-dry fermented sausages, nitrites were
detected, while in the rest of these samples, in 34.8% (177 samples) and in 24.4% (9 samples)
respectively, nitrites were not detected, i.e. nitrite contents were under the limit of quantification (<0.03
mg kg!) (Table 1, Figure 1A and 1B). The results obtained show distributions of nitrites differed in the
four product types (Figure 1), which is related to stability of the nitrite content in the different meat
products, i.e. is the consequence of their differing preparation and processing methods [32]. In fermented
sausages, the content of nitrite decreased during the ripening of sausages as a result of the process that
takes place in the sausage, i.e. reduction of nitrite content is significant where main process is nitrite
conversion into nitrates in the weak acid environment. In fermented sausages, the presence of nitrite
becomes latent, because the process is reversible and nitrates, under certain conditions, can revert into
nitrites [33].

Our results were similar to previously reported nitrite contents in dry fermented and cooked sausages,
0.65 mg kg! and 36.60 mg kg!, respectively from the Serbian market in the period of 2016-2018 [32],
and were lower than mean nitrite content in dry fermented sausages (7 mg kg™!) from Croatia [34].
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Figure 1. Distribution of NaNO> content (mg kg™") in dry fermented sausages (A), semi-
dry fermented sausages (B), finely mincedcooked sausages (C), coarsely minced cooked
sausages (D).

Many papers report the results of the analysis of the content of nitrite in different types of meat
products, demonstrating a great variability in their concentrations [35]. According to the results of
studies [36, 37, 38], the mean concentrations of nitrite in cooked sausages were 32 mg kg™'; 26mg kg!
and 30.5 mg kg'!, respectively. In [39], sausages had a higher mean nitrite content 51.8+14.5 mg kg!,
compared to our results. Yalcin [40] measured the residual nitrite content of dry fermented sausages and
sausage samples from Istanbul and the reported average nitrite contents were 42.8 mg kg' in dry
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fermented sausage (n=65) and 102.8 mg kg™! in sausage (n=60), which were higher than our mean nitrite
contents in these types of sausages.

The average dietary exposure to nitrites, expressed as nitrite ion, for the Serbian adult population
varied from 0.001 to 0.015 mg kg™! body weight (BW) day!, according to the product type (Table 2) and
was far below the European ADI (0.07 mg kg! BW day™). Our results showed that cooked sausages,
especially finely minced ones, were the main sources of nitrite intake, and they made up 21.42% of the
ADI (Table 2). The lowest sources of nitrite intake among the examined meat product were dry
fermented and semi- dry fermented sausages (both 1.42% of ADI).

The dietary exposure to nitrite was calculated in this study as accurately as possible. However,
limitations were the impossibility of calculating relevant exposures for children and heavy consumers
due to lack of data, and data paucity on consumer intake of nitrates, which contributes to the nitrite
exposure because they are converted to nitrite during metabolism; nitrate intake was not included in the
current intake estimates. Also, the consumption of processed meat per capita was estimated based on
the family consumption divided by the number of family members, and assuming that the children
consume the same amount as adults. Thus, the approach taken can be considered an initial approximation
for the intake assessment.

4. Conclusion

In conclusion, the concentrations of nitrite in all 1291 processed meat samplesin the period of three
years were below established MPLs (national and European), indicating that the use of nitrite as a food
additive in Serbia is generally in line with existing regulations. The overall situation is controllable and
safe. However, if other sources of nitrite exposure (vegetables, cereals, dairy products and drinking
water) were taken into account, the EDI would be higher. To provide adequate consumer protection,
further research and additional dietary studies are needed: updating adult and child dietary habits;
especially collecting data for children’s exposure and; measuring the nitrite content in other food
sources. All together, the results of this study suggest need to investigate the complex effects of various
reduced levels of nitrite and potential alternative compounds and/or technologies that can substitute
nitrite in meat products. Considering the toxicity of nitrites and the possibility of their transformation to
carcinogenic N-nitrosamines, the importance of the information of daily intake by children and adults
is clearly indicated.
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Effects of using chia (Salvia hispanica L.) mucilage and
different cooking procedures on quality parameters of beef
patties

O Yiincii', H S Kavusan' and M Serdaroglu’

'Ege University, Engineering Faculty, Food Engineering Department, Bornova, Izmir,
Turkey

E-mail: ozlemm_yuncu@hotmail.com

Abstract. This study was carried out to investigate the effects of chia (Salvia hispanica L.)
mucilage (CM) as a fat replacer in grilled or pan-fried beef patties. For this purpose, beef fat was
replaced by CM at levels of 0, 25, 50, and 75%. The use of CM and cooking method affected
cooking-related parameters. Cooking yield was lower in pan-fried patties, while the addition CM
increased the cooking yields. Moisture retention, shrinkage, changes in diameter, and thickness
of grilled patties were improved compared to the pan-fried samples. The addition of CM
increased moisture retention, while shrinkage values decreased. Results of our investigation
revealed that CM retarded oxidative changes in pan-fried patties. Textural parameters and
sensory properties of samples were not negatively affected by the addition of CM.

1. Introduction

In recent years rising attention has been paid to specific types of healthy and beneficial food ingredients
since consumers are becoming more health-conscious about the food in their diet [1]. Although meat
and meat products occupy an important role in human nutrition as they provide valuable nutrients, such
as proteins, vitamins, and minerals, they also contain saturated fat and cholesterol that are risky for
cardiovascular diseases and some cancer types. From this point of view, the meat industry has attempted
to develop low-fat meat products with desired properties by utilizing non-meat proteins, hydrocolloids,
and replacing animal fat with plant/seed oils [1, 2].

Chia seeds contain significant amounts of dietary fiber (18-30%), protein (15-25%), natural
antioxidants (tocopherol and polyphenols), vitamins, and minerals, and also, the seeds are good sources
of omega-3 and omega-6 [3]. Moreover they increase the satiety index and have protective effects
against cardiovascular diseases, diabetes, and cancer. A variety of chia forms such as seed [3, 4, 5] and
flour [6, 7, 8] have been used as fat replacers, binders and extenders in comminuted meat products. The
incorporation of chia seeds into various meat products retarded the progression of lipid oxidation [3, 4,
5]. It has been also observed that water holding capacity, cooking yield, and the amount of
polyunsaturated fatty acids increased by the addition of chia flour to chicken nuggets [8] and fish burger
[9]. However, some studies have shown that chia seed and flour caused undesirable sensory quality. The
increasing amount of the chia flour/seeds decreased sensory acceptability in terms of texture, internal
appearance, and flavor [4, 5, 6, 7]. When chia seeds are soaked in water, transparent and clear
mucilaginous substances rapidly exude around the seeds. Mucilaginous seeds constitute mainly xylose
and glucose together with uranic acid, glucuronic acid, galacturonic acid, arabinose, and galactose [10].
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Chia mucilage (CM) is known to have both emulsifying agents and water-retaining properties. It has
therefore become a promising fat substitute in bakery products [11]. However, to the best of our
knowledge, limited research has been done on using CM in gel and powder forms as a pork fat substitute
in model system pork emulsion, in which researchers reported that CM in powder form increased
hardness and decreased elasticity; however, in gel form, it enhanced the textural properties [10].
Therefore, the aim of this study was to investigate the effects of utilization CM on chemical composition,
lipid oxidation, technological and sensory quality characteristics of pan-fried and grilled beef patties.

2. Materials and methods

Post-rigor beef as boneless rounds and beef fat was kindly donated by MIGROS TRADE INC. Non-
damaged whole chia seeds were purchased from a local market. Chia mucilage was prepared according
to methods developed by Camara et al. [10] and Briitsch et al. [12]. Chia seeds were downscaled and
mixed with distilled water (1:10) and mixed on a magnetic stirrer at 45°C for 15-20 minutes to achieve
full hydration. The viscous solution was centrifuged at 4100 rpm for 15 minutes to remove the excessive
water. The water phase accumulated in the upper layer of the tubes was separated to obtain the CM to
use in beef patty formulation as a fat substitute. CM was added to the patty formulation by replacing
0%, 25%, 50%, and 75% beef fat, and the following ingredients were added per kg meat mixture (Table
1); salt and spice mix (cumin, black pepper, and onion powder). The minced meat was mixed with beef
fat and/or CM and other ingredients in a kneading machine (Mateka, Turkey) until a homogeneous
mixture was obtained, then the patties were shaped by using a round metal mold (d:80 mm, h:1 cm).
Subsequently, shaped patties were cooked by using two different cooking methods.

Table 1. Formulation of patties

Treatments Beef meat Beef fat Chia mucilage Salt Spice mix
(%) (%) (%) (%) (%)

CGO 76 20 - 2 2
. CQG25 76 15 5 2 2
Grilled CG50 76 1 o 2 :
CG75 76 - 20 2 2
CFO0 76 20 - 2 2
. CF25 76 15 5 2 2
Pan-fried CF50 76 1 o 2 :
CF75 76 - 20 2 2

Moisture contents of the patties were determined by the AOAC method [13] and fat content was
calculated by a method stated by Flynn and Bramblett [14]. All proximate analysis was performed in
triplicate. The cooking yield, moisture retention [15] and fat retention were calculated by weight
differences for patties before and after cooking [16] and calculated according to these equations below:

Cooking yield(%) = (Cooked patty weight)/(uncooked patty weight)x100
Moisture retention(%) = (% Yield x %Moisture in cooked patty)/100

Fat retention(%) = (Cooked weight)x (% Fat in cooked patty) 100
atretention{o) = (Raw weight)x (% Fat in raw patty) X

Reduction of patty diameter (measurements were taken using calibers) and change in thickness were

calculated as:

. . (Uncooked patty diameter — cooked patty diameter)
Reduction of diameter(%) = - x100
(uncooked patty diameter)

Ch in thick %) = (Uncooked patty thickness — Cooked patty thickness) 100
ange in thickness (%) = (Uncooked patty thickness) x

Beef patty dimensional shrinkage was calculated according to following equation:
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Shrink %) = (Raw thickness — Cooked thickness) + (Raw diameter — Cooked diameter) £100
rinkage(%) = (Raw thickness + Raw diameter)

Texture profile analysis (TPA) was performed five times for each treatment using a texture analyzer
(TA-XT2, Stable Micro Systems, UK). Oxidative stability of beef patties was analyzed by determining
2-thiobarbituric acid reactive substances (TBARS) [17]. Sensory properties of patties were evaluated in
terms of appearance, color, texture, juiciness, oiliness, flavor and general acceptability (1: not like, 9:
extremely like). Data was analyzed by ANOVA and Duncan’s Post-Hoc tests using SPSS 23 software.

3. Results and discussion

Moisture and fat contents of samples are given in Figure 1. For both cooking methods, moisture content
increased and fat content decreased with the addition of CM (p<0.05). While there were no differences
between 25%, 50%, and 75% substitution of beef fat with CM in grilled patties, using more than 50%
CM in pan-fried patties significantly reduced the fat content (p<0.05).

57.32
60
4
0

CG25 CG50 CG75 CFO CF25 CF50 CF75

o O

W Moisture M Fat

Figure 1. Moisture and fat content of patties

Cooking characteristics such as cooking yield, moisture, and fat retention, diameter reduction and
shrinkage are some of the most important factors for the meat industry to predict the behavior of burger-
type meat products during cooking. Cooking characteristics are given in Table 2. Interaction between
cooking method and CM level significantly affected cooking yield and moisture retention (p<0.05). In
grilled patties, cooking yield and moisture retention were improved by the effect of CM, and therefore,
CG@G25 and CG75 treatments had the highest cooking yield and moisture retention. The incorporation of
more than 50% CM made it possible to hold more water in the meat matrix. The lowest cooking yield
in samples with 100% beef fat incorporated might be attributed to the excessive fat separation and water
release during cooking. This result showed that cooking yield of patties increased by the addition of CM
due to its high dietary fiber (34.4%) and protein (16-20%) content. According to Herrero et al. [7], in
frankfurters, chia flour gel emulsion can increase moisture and fat binding properties. Patties formulated
with 50% CM showed the highest thickness change, CG50 and CF50 patties showed similar effects on
diameter reduction, but nevertheless, in CG75 and CF75, the cooking method was found to be
significant. Swelling of chia in meat protein matrix resulted in patties swelling up during the cooking
process, so the flat shape of patties changed to ridged up. Researchers found no effects of cornflour
levels in meatball diameter changes [18]. Denaturation of meat proteins with the release of water and
fat means the patties tend to shrink during the cooking process. CM levels and cooking methods affected
shrinkage, as increasing the CM level significantly decreased the patty shrinkage (p<0.05). In grilled
patties, shrinkage values at all CM levels were lower than the control treatment. Pan-frying resulted in
similar shrinkage values in CFO and CF25 treatments, but shrinkage values decreased with 50% and
75% replacement levels.

Textural parameters of the patties are set out in Table 3. The texture profile of reformulated meat
products is a substantial analysis that should be considered due to the various fat sources in the
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formulation [19]. In this study, hydrophilic protein and soluble fibers in chia mucilage hold the water
and, therefore, caused a soft structure, so in grilled patties with added CM, hardness values decreased
(p<0.05). Another probable explanation for this textural behavior could be the emulsifying and gelling
properties of CM. However, in pan-fried patties, the same trend was observed up to 75% replacement
level (p<0.05). Our results are in line with Fernandez et al. [20], who reported softening in texture when
chia flour was added to frankfurter formulation. Interaction between the cooking method and CM
significantly affected springiness and cohesiveness values, which confirmed the same similar strength
of internal bonds in these samples [21]. In grilled patties, addition of CM had no effect on springiness
and cohesiveness, but in pan-fried samples, replacing fat with CM at levels of 50% and 75% increased
springiness and cohesiveness. On increasing levels of both in grilled and pan-fried patties, gumminess
values showed a general declined trend in treatment patties when compared to controls. The highest
chewiness scores were recorded in pan-fried control patties and CF25 samples. Camara et al. [10]
reported similar results for hardness and chewiness in pork emulsions.

Table 2. Cooking parameters of patties Table 3. Textural properties of patties
Variance | Factor |Cookingyield| Moisture | Fat retention | Changein |Reduction| Shrinkage | | Variance | Factor Texture properties
(%) retention (%) (%) thickness of (%)
%) diameter Hardness (N) | Springiness | Cohesiveness| Gumminess | Chewiness
(%) (mm) ™ (N x mm)
Grill  [8429:547  [5485:668  |37042665 (1000232 (5002328 460281 Grll | 9162283 017=000 |019=000 |1852042 |031=009
Cooki £5 £nu . £ 2349 < Cooking
o tE | Panfried [7e84=411  [785+4.17 | 55305729 BSA0£1576 [105322.57 6.513.09 | | PRTRE (Po mied[ 10322440 0152002 |0.182002  |2022058  |030=0.12
e —
@ Fvalue {877 175.57 1209.18 053.72 p5.75 10.86 e F value 1233
Pvalue  [0.00 0.00 0.00 0.00 0.00 0.00 Pvalue 0.00
7610221 |, 40851776 |14.76:100 0232432 [R.84%1.72
e, Blasersr IO aigieiay 8362536 [6.0853 84
o [B24338 [SUSTINC [45.696.06 e Tl 132005
- 5 4 oL 1> 5 3 5 +72 5 2 61025
Lipid |35, o524 47358041 1451937 5732250 Po6065 | | B o . .
:g}f“ Fvalue |1913% 5.30 733
) I 24 ]
Fvale  [537 0720 430 P11 186 [po-48 Pralue |0.00 0.00 0.00 0. 0.00
JL0% | 1L87=034" | 0.18=0.00¢ 000" |230=0.110 =0.01°
Poame boo o o0 boo b1s 000 Grill0% | 11.87=034"  |0.182000°  |0.20=001® [23020.11" |0.3620.01
Grill-0% [1793=124% 145421860 |33.6520.88° [13.19=1 04ef 84222 100 G;ﬁ 1172008 |017=001°  |019=001% [2042008 |0422001°
C’;" 868621100  |60.312156° |30.01=298 [17.09=1.61° p.77=1.59 i:ﬁ 7262019 |0172000°  [0.192000* [1552006° |025=001¢
Gl leaas-0p0t  [ssizelsst |40.10-078  D23=d.04 H08=1 580 il |5742002  [0472000 [020=001% |13920.08° |0.1920.00°
Grill- 778-086+  [5036:1.56°  |47.032007¢ 53505301 P.56=0.49" Pan .
3% Sfisd. |1707=060° |01420020  |016=000° [2942005 0502002
; 4 0%
Panfried b6 1o 306 1436620328 |66.042005 [.80=1147 oasetan | |AXE -
AxB 0% Pam fried)| a1 b - \ i
— R 11025171 | 0.122000° | 0.152000° | 18120040 |023=0.01
Panfried |0y g1un83  [4488:080¢  |57.1020820 [15.082 388 0.40=1.132
-25% Pan
Dan fried- fied- |6372032%  |0.172001° 0212017 |1.5020.07 |0.19=0.02¢
Shep O [B043160°  UD.11=0.60 |SLIS.8X (54142384 4.03=0.08% 50%
; Ey——
Pf?yﬁ’fﬂﬂ 84.52+1.65¢  [353.70<1.11" |47.68=032¢ [45.00<1.670 3.3520.50% :f;%ﬁ-ma‘ 7.63=0.06 0.16=0.01* | 0.18=0.01" |1.83=0.10¢ |0.26=0.011
“75% 7
Fualee [837 33.12 20386 132.19 1.76 8.88 Falue 2716 3.09 8.05 3270 107.63
Pvalue  [0.00 0.00 0.00 0.00 0.20 0.00 Pvalue | 0.00 0.01 0.00 0.00

TBARS values of patties are given in Fig. 2. No differences were recorded in TBARS values of pan-
fried patties on the first day of storage. Although some fluctuations were recorded during storage, at the
end of the storage, the highest and the lowest TBARS vales were recorded for control (0.76 mg MA/kg)
and CF25 (0.40 mg MA/kg) samples respectively (p<0.05). CM showed antioxidant effects in pan-fried
patties due to its bioactive compounds such as mrycetin, quercetin, rosmarinic acid, caffeic acid etc. [3,
9]. Interaction between the cooking method and CM was significant (p<0.05). TBARS values increased
with the addition of CM in grilled patties. The increment in lipid oxidation probably resulted from the
high concentration of PUFAs in mucilage. Similar to our results, TBARS values of pork burgers
increased with the utilization of chia oil hydro gelled emulsion as a pork fat substitute [22]. However,
Zaki [3] reported that TBARS values of samples formulated with chia seed were lower than controls
formulated with pork fat.
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Figure 2. TBARS values of patties (mg MA/kg)

One of the limiting factors for fat-reducing strategies is sensory properties due to the functions of fat
in meat products. The purchase intention of consumers depends on not only the safety but also some
organoleptic features such as appearance, taste, texture. The sensory scores of the patties are shown in
Fig. 3. In general, the cooking method was the most effective factor affecting the sensory properties
except juiciness scores (p<0.05). Pan-fried patties had higher scores than grilled ones for all the sensory
properties. CM had no effect on sensory properties juiciness (p>0.05). Concerning juiciness, the addition
of CM increased juiciness scores. Sensory scores of all experimental groups were above 5. Thus, it could
be concluded that all patties were preferred by the consumer, and in fact, that patties formulated with
lower beef fat were preferred even more. Even though in some research chia had been reported to
decrease sensorial quality [7, 23, 24], in our study, CM had no adverse effect on quality, but rather,
improved juiciness.
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Fig. 3. Sensory scores of beef patties

4. Conclusion

The results of our investigation revealed that utilization of CM as beef fat replacer improved cooking
characteristics. The addition of CM had no negative effects on sensory properties. In general, TBARS
values were lower in pan-fried patties than in grilled patties. The results also indicated that CM, as a
natural antioxidant, presents the opportunity to prevent oxidation in pan-fried patties, so addition of CM
could be a good strategy, both improving technological values and retarding oxidative changes.
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Abstract. The objective of this study was to research the prevalence, serovars, and
antimicrobial resistance profiles of Salmonella isolated from meat and minced meat
used for the production of fermented sausage. A total of 116 samples were tested, and
among them, 20 (17.2%) were positive. Salmonella was detected in 3 (10.3%) beef
samples, 5 (19.2%) pork samples, and 6 (20.7%) poultry samples. In minced meat, the
Salmonella prevalence was 18.8%. Salmonella enterica serovar Agama (5.2%) was the
most commonly identified serovar, followed by S. Enteritidis (4.3%), S. Typhimurium
(3.4%), S. Infantis (2.6%), and S. Lindenburg (1.7%). Most of the serovars identified in
the present study are recognized as frequent causes of human salmonellosis. Thus, the
presence of these serovars means foods with these meats are a likely source of human
infections. We found the Salmonella isolates exhibited high rates of resistance to
antimicrobials tetracycline, ampicillin, streptomycin, and ciprofloxacin. The highest
level of resistance was to tetracycline (75%), followed by resistance to ampicillin
(50%), streptomycin (30%), ciprofloxacin (20%), gentamicin (20%), and neomycin
(10%). The high-level resistance observed for some of the serovars calls for concern.
Salmonella with multidrug resistance in meat used to produce fermented sausages is
considered a high additional risk for human health.

1. Introduction

Fermented sausages are high-value traditional products. Fermented sausages and air-dried meats are at
additional risk of containing bacterial hazards, as in most cases, they are not subject to the heating
process. Fermented meat products result from a complex microbiological activity that mainly consists
of lactic fermentation and several characteristic biochemical changes triggered by lactic acid bacteria.
These bacteria play a crucial role in this fermentation: acidification, while they can also have proteolytic
and lipolytic activities [1].

Meat used for the production of fermented sausages can contain residual levels of antimicrobial
compounds [2]. The presence of high levels of antibiotic residues in raw meat used to produce raw
smoked sausage is a call for concern. Research by Kjeldgaard et al. shows that even minimal residual
amounts of antibiotics at the level legally allowed in raw materials negatively affect starter cultures [2].
Fermented sausages prepared from meat with residual concentrations of antibiotics at or close to deemed
acceptable levels can lead to full or partial fermentation failures, and therefore to the production of an
unsafe product. Outbreaks of severe, sausage-borne gastrointestinal infections caused by verocytotoxic
(Shiga toxigenic) Escherichia coli (VTEC/STEC), Salmonella, and Listeria monocytogenes occur

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
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regularly [3]. Food-borne diseases caused by antibiotic-resistant bacteria are an important public health
problem worldwide. The use of antimicrobial drugs in agriculture or the food industry can contribute to
the formation of resistance in strains (including genotypic resistance), which leads to a relative increase
in the number of resistant bacteria in microbial communities. Salmonella with multiple antibiotic
resistance (AR) presents a considerable threat to public health and food safety [4].

This work aimed to detect Salmonella contamination of raw and minced meat used in the production
of fermented sausages and determine the bacterial isolates' antimicrobial susceptibility.

2. Materials and Methods

2.1 Samples

The objects researched were meat (pork, beef, poultry) and minced meat used to produce raw smoked
fermented sausages obtained from a meat processing enterprise in the central region of Russia. Samples
were collected from June 2020 to December 2020.

2.2. Isolation and identification of Salmonella

The sample analyses were carried out according to the modified standard ISO 6579 [5]. Pre-enrichment
was done using Buffered Peptone Water (BPW) (Merck, Germany). A homogenized sample (25 g) was
added to 225 ml of BPW. After homogenization with a Stomacher (AES, France), the bag was then
closed and incubated for 18 h at 37°C. Then, 0.1 ml aliquots of cultures were incubated in 10 ml of
Rappaport-Vassiliadis Salmonella Enrichment Broth (RVS) (Merck, Germany) at 41.5°C and 10 ml
Muller-Kauffmann Tetrathionate Novobiocin Broth (MKTT) (Merck, Germany) at 37°C for 24 h.
Loopfuls of RVS and MKTT cultures were streaked onto Xylose-Lysine-Tergitol 4 (XLT4) selective
agar plates (Merck, Germany) and chromogenic Brilliance Salmonella agar (Oxoid, United Kingdom),
then incubated at 37°C for 24 h. Presumptive colonies were subjected to further analysis using
biochemical tests. Biochemical identification was performed using a RaplD ONE System (Remel,
USA).

2.3 Serological identification
The Salmonella isolates were serotyped by slide agglutination using polyvalent O and H antisera (Petsal,
Russia) following the Kauffmann-White scheme [6].

2.4 Antibiotic susceptibility testing

Six different antibiotics were used in this study, namely, ciprofloxacin (5 pg), streptomycin (300 pg),
gentamicin (10 pg), amoxicillin (20 pg), neomycin (30 ug), and tetracycline (30 ug) (Oxoid, United
Kingdom). Antimicrobial susceptibility tests were performed on Mueller-Hinton agar (Oxoid, UK)
using the disc diffusion technique. The surface of the Mueller-Hinton agar plate was evenly inoculated
with the culture using a sterile cotton swab. The antibiotic discs were applied from a disc dispenser
(Oxoid, UK) onto the surface of the inoculated agar. After 18-24 h of incubation, the diameter of growth
inhibition around the discs was measured and interpreted as sensitive or resistant according to the
Clinical and Laboratory Standards Institute [7].

3. Result and Discussion

3.1 Salmonella contamination of raw meat and minced used for the production of raw smoked sausage
In the current study, 116 samples of meat and minced meat used to produce raw smoked sausage were
assessed for contamination by Salmonella, and the overall prevalence was 16.7 %. Salmonella was
detected in 3 (10.3 %) beef samples, 5 (19.2%) pork samples, and 6 (20.7 %) poultry samples. The
prevalence of minced meat contaminated with Salmonella was 18.8%. A summary of the prevalence of
Salmonella from meat samples and minced meat is presented in Figure 1.
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Figure 1. Prevalence of Salmonella in meat and minced meat used for the production of raw smoked
sausage [%]

Salmonellosis is the most common and challenging to eradicate the zoonotic bacterial infection in
the world that affects both animals and humans. According to the Federal Service Russian for
Surveillance on Consumer Rights Protection and Human Wellbeing, by the end of 2018, more than 50
outbreaks of group morbidity associated with food consumption in public catering and trade were
registered in Russia [8].

The presence of Salmonella in raw smoked sausage is a significant risk to consumer health. Sausage
manufacturers commonly inoculate sausage meat with lactic-acid-producing bacteria to control the
fermentation process. The fermentation induces pH reduction, and the reduction in water activity during
maturation contributes to the inactivation of Salmonella spp. in the raw ingredient mix.

However, antibiotics used as growth promoters or to treat disease in livestock can eventually end up
in meat, and starter cultures sensitive to antibiotics will not acidify the sausage meat effectively [2]. The
complete or partial fermentation process failures allow survival of pathogens capable of causing severe
food-borne infections, including Salmonella.

The prevalence of Salmonella in the minced meat for the production of fermented sausages was
18.8%. In a similar study, Piras et al. reported that Salmonella prevalence was 24% in ground meat for
fermented sausage and products at the end of acidification. The pathogen was also detected in a sausage
sample at the end of ripening (2%) [9]. Our result on Salmonella prevalence in samples of raw minced
meat (18.8%) was higher than those reported by other authors who observed prevalences between 0.3
and 4.3 % [10,11].

Contamination of minced meat with Salmonella is still considered a significant problem in food
hygiene. Despite substantial improvements in technology and hygienic practices employed in all stages
of meat production, salmonellosis remains an intransigent threat to human health. Therefore, the
resulting data will be hugely beneficial for future risk assessment in the production of fermented
sausages.

3.2 Serological identification of Salmonella

From all samples, five different serovars were identified among 20 S. enterica isolates (Table 1). S.
Agama (5.2%) was the most commonly identified serovar, followed by S. Enteritidis (4.3%), S.
Typhimurium (3.4%), S. Infantis (2.6%) and S. Lindenburg (2 %).
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The identified serovars from beef were S. Enteritidis, S. Typhimurium, and S. Agama. Salmonella
isolates from pork were S. Typhimurium (7.7%), S. Infantis (7.7%), and S. Lindenburg (3.8%). The
isolated Salmonella serovars from chicken were S. Agama and S. Enteritidis (6.7% each), S.
Typhimurium (3.3%), S. Infantis (3.8%).

The identified Salmonella serovars from minced meat were S. Agama (9.3%), S. Enteritidis (6.3%),
and S. Lindenburg (3.1%).

Table 1. Prevalence of Salmonella serovars in samples of raw meats and minced meat used for
production raw smoked sausage

Serovars Beef Pork Poultry Minced meat Total
(antigenic formula) (n=29) (n=26) (n=29) (n=32) (n=116)

S. Enteritidis 1(3.4) 0 2(6.9) 2 (6.3) 5(4.3)

S. Typhimurium 1(3.4) 2(7.7) 1(3.4) 0 4 (3.4)

S. Lindenburg 0 1(3.8) 0 1(3.1) 2(1.7)

S. Agama 1(3.4) 0 2 (6.9) 3(9.49) 6 (5.2)

S. Infantis 0 2(7.7) 1(3.4) 0 3(2.6)
Total Salmonella isolates, 3(10.3) 5(19.2) 6 (20.7) 6 (18.8) 20 (17.2)

no (%)

S. Agama, S. Enteritidis, and S. Typhimurium were the most prevalent serovars identified in the
current study. The prevalence of different Salmonella serovars in meat products has been investigated
in many countries. Salmonella enterica ser. 6.7:d:- (29%), S. Agama (28%), and S. Typhimurium (16%)
were the three most prevalent serovars in retail meat and meat products in China [12].

S. Derby, S. Typhimurium, and S. Enteritidis are frequently identified worldwide, and the latter is
one of the most common serovars associated with human salmonellosis [13,14]. This serovar also
accounted for 4.3 % of the isolates recovered from meat and minced meat in the current study.

S. Agama was isolated from all the meat types except pork in this study. S. enterica Agama was
initially isolated and named after the rainbow lizard (Agama Agama) in West Africa. A study by Ahmed
et al. showed that Salmonella Agama was obtained from the poultry environment (feed and water), dead
birds (liver, spleen, and ovarian follicle), and seemingly healthy birds (cloaca swabs). Also, one of the
predominant serovars in the study by Ahmed et al. was S. Agama - 28%. It was isolated from all the
poultry farms in North Central Nigeria [15]. In our study, S. Agama was also detected in poultry but in
beef too. The presence of S. Agama in the samples of minced meat is most likely from samples of poultry
and beef.

S. Infantis has been one of the most frequent serovars in many countries. S. Infantis has been isolated
from humans, animals, and vegetables, meats (e.g., broiler and chicken) [16,17].

Most of the Salmonella serovars identified in the present study are recognized as frequent causes of
human salmonellosis. Thus, these serovars in meat products show these foods are likely sources of
human infections.

3.3 Antibiotic susceptibility testing

In general, a high percentage of resistance to the tested antimicrobials was observed across all the
serovars. Even though all isolates of S. Enteritidis were susceptible to gentamicin, streptomycin, and
neomycin, they were resistant to tetracycline 60%, ampicillin (40%), and ciprofloxacin 20%. Around
25% of S. Typhimurium strains were resistant to gentamicin and neomycin, 50% were resistant to
streptomycin, and 100% were resistant to tetracycline. The increase in antibiotic-resistant Salmonella is
a significant concern worldwide.
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Table 2. Antimicrobial resistance of Salmonella serovars isolated from raw meats and minced meat
used for production fermentation sausage (AMC — ampicillin, GEN — gentamicin, TE — tetracycline,
CIP — ciprofloxacin, STR — streptomycin, NEO — neomycin)

AMC GEN, TE CIP STR NEO
no (%) no (%) no (%) no (%) no (%) no (%)
S. Enteritidis 2 (40) 0 3 (60) 1(20) 0 0
S. Typhimurium 3 (75) 1(25) 4(100) 0 2(50) 1(25)
S. Lindenburg 1 (50) 0 2(100) 0 1(50) 0
S. Agama 3(50) 2(33) 4(67) 3(50) 2(33) 1(17)
S. Infantis 1(33) 1(33) 2(67) 1(33) 1(33) 0
Total 10(50) 4(20) 15(75) 4(20) 6(30) 2(10)

All the isolates showed high resistance to ciprofloxacin (20-50%) except for S. Typhimurium and
Salmonella Lindenburg, which were susceptible to ciprofloxacin.

Resistance to two and more antibiotics was common in most isolates from samples in the current
study. S. Agama was one of the most prevalent serovars in this study and showed a high level of
resistance to most of the commonly used antimicrobials.

In a similar study, a total of 62% of Salmonella isolates exhibited resistance to at least one
antimicrobial drug. In another study, resistance to sulfamethoxazole (38%), ampicillin (24%), nalidixic
acid (24%), ciprofloxacin (24%), and tetracycline (19%) was identified the most frequently [18].
Notably, in our study, the highest level of resistance against most antibiotics was shown among S.
Agama, which exhibited increased resistance to tetracycline (67%), ampicillin (50%), ciprofloxacin
(50%), streptomycin (33%), gentamicin (33%) and neomycin (17%). The high level of resistance to
most of the antimicrobials tested in this study, especially ciprofloxacin, is problematic because
fluoroquinolones are used strategically to treat salmonellosis. This resistance can be caused by
indiscriminate use of antimicrobials at recommended doses or at subtherapeutic doses in feed as growth
promoters and chemotherapeutic agents to control epizootics on the farms [15].

The widespread overuse and misuse of antimicrobial agents in food animal production have
contributed to the development of antimicrobial-resistant pathogens such as Salmonella that has
emerged as a major health problem worldwide.

4. Conclusion

Residual antibiotics in meat can reduce the proliferation of starter culture in raw sausage fermentation
and thus disrupt the fermentation process for raw smoked sausage. Still, these concentrations do not
affect the survival or even multiplication of antibiotic-resistant pathogens. Therefore, the presence of
pathogenic bacteria, such as Salmonella, in meat and minced meat used to produce smoked sausages
pose a threat to consumers. Our study found S. Agama, S. Typhimurium, S. Lindenburg, S. Enteritidis,
and S. Infantis in meat and minced meat. Worryingly, most Sa/monella serovars identified in the present
study are recognized as frequent causes of human salmonellosis. In cases of improperly fermented meat
products, for example, due to the presence of antibiotics in meat, these serovars can survive and cause
human disease. Also, in the present study, we found that Sa/monella isolates exhibited high rates of
resistance to antimicrobials tetracycline, ampicillin, streptomycin, and ciprofloxacin. The high-level
resistance observed for some of the Sa/monella serovars isolated in this study calls for concern. Our
findings indicate that it is imperative to continue monitoring Salmonella's prevalence and researching
antimicrobial resistance in meat and minced meat used to produce raw smoked sausage.
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Preface

It is our pleasure to welcome you to the 61% International Meat Industry Conference
(MEATCON2021) to be held at Mt. Zlatibor, Serbia, on September 26-29" 2021, traditionally
hosted by the Institute of Meat Hygiene and Technology, Belgrade, Serbia.

For many years, this Conference has been the converging point for food/feed scientists, experts
from the industry and legislation sphere, members of the professional associations, and other
entities striving towards a common goal: healthy food for the present and future. The rapid
development of scientific and technological research in the areas of food/feed technology,
safety, quality, regulatory, environmental, and numerous other fields imposed the necessity for
a synthetic approach to food-related challenges. Such an approach is primarily governed by
understanding the complexity of food science that is taking place within the scientific
community for the past two decades. Hence our commitment to the multidisciplinary nature of
the Conference.

This three-day gathering will try to maintain its holistic character, presenting the latest research
in food and feed production and technology, quality and safety issues, risk-assessment,
consumer-related concerns, governmental actions, and strategies — with 111 contributions
submitted for publication. Each paper has been peer-reviewed through a rigorous process that
included conference committee members and international reviewers, and an English language
editorial service. We are excited to publish all the contributions to the Conference in this
volume, hoping that its contents shall be helpful to Conference participants and other interested
readers.

The 61% International Meat Industry Conference also provides the opportunity for fellow
scientists to meet, exchange experiences, and perhaps agree on future joint scientific
endeavours. Carefully selected speakers from Serbia and abroad will present their latest
research through plenary lectures, invited lectures on specific topics, and poster presentations.
Formats such as round tables and workshops are also available to disseminate knowledge and
experience.

The Conference has been supported by: Ministry of Education, Science and Technological
Development of the Republic of Serbia, Ministry of Agriculture, Forestry and Water
Management of the Republic of Serbia — Veterinary Directorate and Chamber of Commerce
and Industry of Serbia. Co-organizers of the Conference are the Faculty of Veterinary
Medicine, University of Belgrade, Faculty of Agriculture, University of Belgrade, and Institute
of Food Technology, University of Novi Sad.

Target audience:

- Food scientists and researchers

- Food technologists

- Scientists and researchers in the area of food quality and safety

- Food professionals from manufacturing, retail, foodservice industry...

- Governmental officials and policymakers in the area of food quality and security
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On behalf of the Programme Committee, we would like to thank all contributing authors,
reviewers, speakers, participants, Organizing Committee, and sponsors who contributed to the
success of the MEATCON2021.

Dr Srdan Stefanovi¢

Chairman of the Programme Committee
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Effects of composition and storage duration of mechanically
deboned poultry meat on sensory properties of frankfurters

D Alagic!, M Dzevdetbegovic?, S Operta’, E Clanjak-Kudra!, M Smajlovic', S
Seric-Haracic!, A Smajlovic' and A Magoda'

"University of Sarajevo, Veterinary Faculty, Zmaja od Bosne 90, Sarajevo, Bosnia and
Herzegovina

2Menprom Meat Industry, Ahmeta Kobica bb, Tuzla, Bosnia and Herzegovina

3 University of Sarajevo, Faculty of Agriculture and Food Sciences, Zmaja od Bosne 8,
Sarajevo, Bosnia and Herzegovina

E-mail: davor.alagic@vfs.unsa.ba

Abstract. This research aimed to study the influence of differences in the composition and
storage length of mechanically deboned poultry meat (MDPM) on the sensory properties of
frankfurters. Three variants of frankfurters were produced from three respective alternatives of
MDPM that differed solely in proportions of meat from broiler backs and necks. Similarly, a
commercially available and freshly produced MDPM of unknown composition was used as the
control. All the four variants of MDPM were stored at -18 °C for 1, 45 and 90 days. Sensory
profiling of the frankfurters was performed by 8 panellists using a quantitative-descriptive
analysis (QDA). Two-factorial ANOVA and principal component analysis (PCA) of the sensory
evaluation results revealed significant (p < 0.05) effects of the storage time of the MDPM
variants on sensory characteristics of the frankfurters, regardless of their composition.

1. Introduction

Mechanically deboned poultry meat (MDPM) is produced by mechanical separation of soft tissues from
bones after manual deboning. It is the main raw material for production of thermally processed poultry
sausages, such as frankfurters. Due to a large number of consumers of frankfurters in Bosnia and
Herzegovina (B&H), those sausages have a dominant place in the production portfolio of most of B&H
meat processing companies. To meet the high expectations of the consumers and improve their own
market competitiveness, it is essential for each of the companies to be devoted to continuously improve
the sensory properties of its products.

Current B&H regulation on MDPM [1] requires, among other things, that it can be stored at a
minimum of -18 °C for up to three months. Thus, it is implied that the storage duration of MDPM has a
key impact on the overall quality of poultry sausages, in which their sensory quality attracts particular
attention of the consumers. There are many approaches to sensory evaluation of sausages, among which
the quantitative-descriptive analysis (QDA) is one of the most widely used and reliable sensory profiling
methods [2].

The goal of the study was to evaluate the effects of the composition and the storage duration of
MDPM on sensory characteristics of experimentally produced frankfurters.
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2. Materials and methods

To assess the effects of composition and storage duration of MDPM on sensory properties of
frankfurters, experimental production of frankfurters was performed as a two-factorial completely
randomized design with a 4 x 3 factorial structure [3]. The first factor was the MDPM composition
(variant) at four levels: MDPM1, MDPM2, MDPM3 and MDPMC, while the second factor was the
MDPM storage duration (D) at three levels: D1, D2 and D3. All coded factors, levels and experimental
treatments are displayed in Table 1.

Table 1. Two-factor completely randomized design for experimental production of frankfurters
using MDPM? of different composition (variants) and storage time

Frankfurters (F) MDPM MDPM storage duration (D)

variant D1(1 day) D2 (45 days) D3 (90 days)
F1° MDPM1 MDPM1xD1 MDPM1xD2 MDPM1xD3
F2° MDPM?2 MDPM2xD1 MDPM2xD2 MDPM2xD3
F3d MDPM3 MDPM3xD1 MDPM3xD2 MDPM3xD3
Fc® MDPMC MDPMcxD1 MDPMcxD?2 MDPMcxD3

*MDPM, mechanically deboned poultry meat

bF1, frankfurters produced from MDPM1 (50% of deboned back meat + 50% of deboned neck meat) after D1, D2
and D3 storage durations at -18 °C

°F2, frankfurters produced from MDPM2 (70% of deboned back meat + 30% of deboned neck meat) after D1, D2
and D3 storage durations at -18 °C

4F3, frankfurters produced from MDPM3 (30% of deboned back meat + 70% of deboned neck meat) after D1, D2
and D3 storage durations at -18 °C

¢Fc, frankfurters produced from MDPMC (commercially available MDPM with unknown composition) after D1,
D2 and D3 storage durations at -18 °C

Four variants of MDPM were used for production of the frankfurters. Three of them (MDPMI,
MDPM2 and MDPM3) were experimentally produced with different proportions of broiler back and
neck meat, while commercially available MDPMC with unknown composition was used as the fourth
variant (Table 1). The three experimental variants of MDPM were produced in a commercial processing
plant in B&H. After the commercial cutting of the carcasses, broiler backs (pelvic and thoracic portions)
and necks were stored overnight at 2 °C before deboning. The deboning was done by AM2C SM 210
separator (AM2C SAS, Quimper, France) adjusted to yield about 50% % 5% MDPM, and connected to
a Wolf AW 160 grinder (K+G Wetter GmbH, Germany). Every batch of the MDPM was vacuum packed
in Cryovac BB405 bags (Cryovac A/S, Oslo, Norway) as 10-kg blocks, which were frozen at -30 °C
and stored at -18 °C. The MDPM blocks were delivered next day under cold chain conditions to
Menprom Meat Industry, where experimental production of frankfurters was carried out. In the same
way, the MDPMC was freshly produced and delivered from another common supplier. All the four
MDPM variants were stored at -18 °C until the formulation of the sausages. On the same day of delivery,
the first third of each of the four MDPM variants was used to produce the frankfurters (D1 storage
duration), while the second and the third parts of the variants were used after 45 days (D2 storage
duration) and 90 days (D3 storage duration), respectively.

The four variants of frankfurters (F1, F2, F3 and FC; Table 1) were produced according to the same
recipe and technological procedure, which was routinely used at Menprom Meat Industry, i.e. they
differed only in respective MDPM variants. Mechanically deboned poultry meat was thawed for 24 h at
4 °C before use. Each batch of the frankfurter variants was prepared with 25.7 kg of MDPM, 10.9 kg of
chicken skin fat emulsion, 3.4 kg of water (ice), 0.58 kg of nitrite salt, 0.85 kg of corn starch, 0.55 kg of
soya proteins and other ingredients (commercial spice and additive mixtures). The frankfurters were
initially heated at 55 °C for 20 min, then smoked at 65 °C for 10 min, and finally processed at 80 °C for
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25 min to reach a core-temperature of 79 °C. Immediately after the heating process, the sausages were
rinsed in cool water (7 °C) for approximately 1 h and cooled at 4 °C for 2 h. After the cooling step,
cellulose casings were automatically peeled off, the frankfurters were vacuum packed in pouches (4
sausages each) and stored at 4 °C (1 °C) for 2 weeks until sensory analysis.

To evaluate the compliance of chemical composition of the four MDPM variants (Table 1) with legal
norms [1], a 300 g sample of each of the variants was taken in triplicate before commencement of the
sausage formulation. The samples were immediately transported under cold chain conditions to the
Department of Food Hygiene and Technology, Veterinary Faculty, University of Sarajevo, where the
contents of moisture [4], total fat [5], total proteins [6] and calcium [7] were analysed.

To perform sensory evaluation, the sausages were transported under cold chain conditions to the
Faculty of Agriculture and Food Sciences, University of Sarajevo and stored at 4 °C (1 °C) until the
evaluation. Spatial conditions for the evaluation were arranged according to the international standard
[8], and the sensory profiling method was inspired by the previously described QDA methods [2, 9, 10].
The sensory panellists were selected after four sessions of group discussions and individual rating. To
avoid bias, the training sessions were performed by a passive panel coordinator, who was informed of
the objective of the sensory analysis. Since the panellists had already been trained in the evaluation of
meat products, the training primarily focused on the definition and respective intensity of sensory
characteristics of the frankfurters, as well as on the application of the evaluation method. During the
training, commercially available frankfurters from different producers were used, as well as samples of
the experimental sausages. However, the assessors were not aware of the content and the origin of the
sausages. Finally, the set of 10 sensory characteristics of the frankfurters included appearance, colour,
palpation consistency, oral (first bite) consistency, chewiness, juiciness, surface odour, taste, flavour
and overall acceptability (Table 3). Selection of the panellists was done based on calculation of the
coefficient of variation (CV) of their testing results, and the panellists who showed CV > 30% were
excluded. In this way, the sensory profiling panel was selected among 20 invited assessors, which finally
consisted of eight (three female and five male) trained assessors aged between 32 and 64 and with from
5 to 20 years of experience in the sensory profiling of sausages and other meat products.

Prior to the final evaluation, the vacuum pouches were unpacked, the frankfurters were boiled in
water for 5 min and each assessor was served with a hot sausage sliced into 4-5 cm long pieces on a
warm plastic plate marked with a 3-digit random number and covered by foil. Samples of the each
treatment (Table 1) were served in triplicates to the assessors in their own time, and the serving order
was randomised with regard to sample, replicate and assessor, with short breaks through the assessment
to reduce the sensory fatigue effect. The panellists were served with water and flat bread between
samples for cleansing the palate. Sensory evaluation of the sausages was carried out on a scorecard using
a 70 mm unstructured line scale for each of the 10 sensory characteristics, with an anchor of 10 mm
from each side marked as “low” and “high” intensity of the sensory characteristic. The panellists scored
each of the 10 sensory characteristics by placing a vertical mark across the interval line at the point
which best reflected the magnitude of his or her perceived intensity of the sensory property. The
evaluation results were converted into numerical scores by measuring the distance from the left end of
the scale to the point marked by the panellists. The evaluation score of each panellist was calculated as
an average grade of the three replicates of the each treatment (Table 1).

Normality of the sensory evaluation data was checked by Kolmogorov-Smirnoff test. Two-factorial
ANOVA was used to test simultaneous effects between the two factors and their levels (the MDPM
composition with four levels/variants and the MDPM storage time with 3 levels; Table 1). When the
effect of each of the analysed factors and their interactions was significant, the means were separated
using Tukey’s test. Similarly, one-way ANOVA with Tukey’s test was used to analyse the data of
chemical analyses. All of the analyses were performed by using the IBM SPSS Statistics v. 20 software
(IBM Inc., USA). P-values less than 0.05 were considered statistically significant. Principal component
analysis (PCA) was applied to identify clusters of mutually independent variables and to visualise effects
of the two factors on the sensory characteristics of sausages. PCA was done by using the statistical
package StatBoX 6.7 (Grimmersoft, Paris, France).
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3. Results and discussion

Results of chemical analyses of the four MDPM variants are shown in Table 2. All of the MDPM
variants showed desirable protein contents, since they had more than the legally required minimum of
12% of proteins [1]. In addition, all the MDPM variants displayed a higher protein content than those
used in studies of Trinidade et al [11] (9.3%-14.5%) and Botka-Petrak et al [12] (13.46%-15.57%).
Similarly, Trinidade et a/ [11] reported lower moisture contents (63.4-66.6%) than those of MDPM1,
MDPM2 and MDPM3, but higher than the moisture content in the MDPMC. In contrast, Botka-Petrak
et al [12] estimated moisture content in MDPM made of whole carcasses at 69.14%, which is in
agreement with the moisture content in MDPM1, MDPM2 and MDPM3. The range of the total fat
content reported by Trinidade et a/ [11] for MDPM made from chicken backs and necks (14.45%-
27.7%) includes the average fat content of the MDPM2, while the MDPM1 and the MDPM3 had lower
average fat contents. The MDPMC variant displayed significantly higher (p < 0.001) fat content than
the other experimental MDPM variants, which should be considered when designing the recipes for
poultry products. None of the MDPM variants met the compulsory maximum of 0.1% for the content of
calcium [1]. Similar findings on the calcium content were reported [12], where only the MDPM made
of whole broiler carcasses displayed the desirable content of 0.06% of calcium, while the MDMP
variants made of the deboned meat of backs, wings and necks displayed an average calcium contents of
19.50%, 29.36% and 21.60%, respectively, being much higher than those found in this study. Such
findings surely indicate the need to check and modify the deboning process, as it is known that the
mechanical deboning leads to extraction and oxidation of the lipids from the bone marrow, and,
consequently, to undesirable taste and odour of the final products [13].

Table 2. Chemical content of MDPM? variants (mean+standard deviation of three measurements)

Parameter (%) MDPM variants” p
MDPM1 MDPM2 MDPM3 MDPMC

Moisture 69.60+0.46a  68.92+0.14a  69.93+0.71a  62.72+0.86b <0.001

Total proteins  17.04+0.47ab  16.86+0.59ab 17.57+0.37a 16.07+0.23b 0.018

Total fat 13.64+0.79a 14.70+0.51a 11.55+0.27b  20.21+0.43¢ <0.001

Calcium 0.20+0.02a 0.19+0.04a 0.23+0.02a 0.32+0.05b <0.001

*MDPM, mechanically deboned poultry meat
® MDPM variants differed in content of deboned back meat and deboned neck meat (see Table 1 for details)
Different letters (a-c) in the same row denote significant differences (p < 0.05) (ANOVA with Tukey’s test)

Results of the sensory evaluation of the experimentally produced frankfurters showed that
differences in the sensory attributes primarily occurred due to the effect of the MDPM storage duration.
The two-factorial ANOVA (Table 3) resulted in highly significant (p < 0.001) effects of the MDPM
storage duration (factor D) on all the 10 assessed sensorial characteristics, as well as a significant (p <
0.05) impact of the variants of frankfurters (factor F) on six of the sensory properties (oral consistency,
juiciness, surface odour, taste, flavour and overall acceptability). Additionally, the interactions of the
factors (D*F) also triggered a significant (p < 0.05) impact on chewiness of the sausages.

Table 3. Analysis of variance of effects of the MDPM® storage duration and the variants of
frankfurters on sensory characteristics of the frankfurters (F-values for independent variables and
interactions)
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Characteristics MDPM storage Variants of frankfurters (F)° Sources of variations
duration (D)®

D1 D2 D3 F1 F2 F3 FC D F D*F
Appearance 451a 3.77b 3.12c 3.73 382 386 3.80 371.09*** 183NS 153NS
Colour 456a 3.86b 3.17c 3.82 385 3.88 390 479.65*** 0.98NS 0.69NS
Consistency 450a 4.14b 3.27c  3.89 396 405 398 283.80*** 225N (065NS
(palpation)
Consistency 3.70b 3.99a 3.31c 3.66ab 3.66ab 3.75a 3.61b 278.60*** 5.94**  7.40***
(oral)
Chewiness 3.77b 4.0la 332c 374 370 372 3.65 169.31*** 1.61NS 2.88*
Juiciness 42la 4.03b 329c 3.79 3.88 391 378 278.78***  3.62* 3.01*
Surface odour 4.32a 3.89b 3.13c 3.75ab 3.85a 3.86a 3.67b 528.42*** 880*** 5.38***
Taste 43la 3.85b 3.14c 3.75ab 3.82a 3.83a 3.67b 417.47*** 451*  3.81**
Flavour 3.57b 3.71a 296c 349 346a 3.46a 3.24b 161.30*** 9.99*%** 5 77***
Overall 426a 3.96b 3.19c 3.80a 3.88a 3.87a 3.67b 428.95*** 9,68***  2093*
acceptability

*MDPM, mechanically deboned poultry meat

®D1, D2 and D3 — mean intensity panel (n=8) scores of the sensory characteristics (using an unstructured line
scale from 0 to 70 mm) of the frankfurters produced from the MDPM variants (see Table 1 for details) stored at -
18 °C for 1, 45 and 90 days , respectively.

°F1, F2, F3 and FC — mean intensity panel (n=8) scores of the sensory characteristics (using an unstructured line
scale from 0 to 70 mm) of the frankfurters produced from MDPM1, MDPM2, MDPM3 and MDPM, respectively
(see Table 1 for details).

Different letters (a-c) in the same row denote significant differences (p < 0.05) (Two-factorial ANOVA with
Tukey’s test); NS, non-significant; * - significant at p < 0.05; ** - significant at p < 0.01; *** - significant at p <
0.001.

The dependence of the sensory properties of frankfurters on the MDPM storage duration is also
displayed by the corresponding results of their PCA analysis (Figure 1), which explained 98.10% of
variability of all results of the sensory evaluation of frankfurters. The PCA analysis determined that all
frankfurters produced from all the four variants of MDPM after 1 day of storage (D1, blue coloured
cluster), regardless of their composition, showed significantly better (p < 0.05; Table 3) colour,
appearance, surface odour, taste, palpation consistency, juiciness and overall acceptability when
compared to the frankfurters produced from the MDPM variants stored for 45 days (D2, red coloured
cluster). On the other hand, D2 frankfurters displayed significantly higher (p < 0.05; Table 3) sensory
scores for oral consistency, chewiness and flavour than all the other frankfurters, which indicates their
favourable sensory properties. In contrary, the frankfurters produced from MDPM variants stored for
90 days (D3, green coloured cluster) exhibited significantly inferior (p < 0.05; Table 3) sensory
characteristics than the sausages from MDPMs stored for 1 and 45 days. In support of this result, Froning
et al [14] described a substantial decrease of sensory properties of frankfurters produced from frozen
MDPM stored for 90 days. Also, it is notable that the poorest sensory properties in all the three clusters
were obtained by frankfurters prepared from commercially available MDPMC (FCDI1, FCD2 and
FCD3). Such finding may be explained by significantly higher (p<0.001) content of total fat in MDPMC
(20.06%; Table 2) compared to the other MDPM variants. A similar finding was described by Biswas
et al [14], who reported significant differences (p<0.05) in some sensory properties of chicken sausages
with increase of the fat content due to higher proportion of chicken skin and fat in the composition of
the sausages.
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Figure 1. Principal component analysis (PCA) bi-plot of distribution of samples of the variants of

frankfurters (F1, F2, F3 and FC — see Table 1 for details) and the different storage durations of
mechanically deboned poultry meat (MDPM) at -18 °C (D1, D2 and D3 for 1, 45 and 90 days,

respectively) with regard to sensory attributes of the frankfurters.

4. Conclusions

The findings of the study clearly indicate that the composition and storage duration of MDPM
significantly affect sensory quality of frankfurters, where the intensity of the sensory properties of
frankfurters significantly deteriorates with increasing the duration MDPM is stored at -18 °C.
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Abstract. Radioactivity, whether natural or artificial, today constitutes a significant segment in
the process of protecting human and animal health. Natural radioactivity is an integral part of
our ecological system, so it has long been present in the food we eat. However, intensive
industrial processes in some areas have disturbed the natural ecological balance and thus
introduced into the environment natural radionuclides in quantities that can affect the quality of
human life and the state of the environment. On the other hand, artificial radionuclides reach the
environment only in the case of accident situations in nuclear facilities. In the nuclear era so far,
two accidents, Chernobyl in 1986 and Fukushima in 2011, affected the environment globally
with the significant impact. Consequently, a system of monitoring radioactivity in the
environment was introduced, which includes foodstuffs as well as animal feed. The paper
describes the sources of radioactive contamination and the most critical raw materials and
products in the human and animal food chain, as well as a critical review of current legislation.

1. Introduction

Natural radioactivity is an integral part of our ecological system, so it has long been present in the food
we eat. The human body is thus in a balance between natural and cosmic radiation because there are
natural processes of repairing cells damaged by that radioactive radiation. By consuming food during
their life, a person also increases the total radioactivity of their body, because part of the ingested
radionuclides is retained in the body and is included in metabolic processes. This is the reason we need
to monitor the annual consumption and, consequently, intake of natural radionuclides in the population,
to keep it at the safe level.

However, intensive industrial processes in some areas have disturbed the natural ecological balance
and thus introduced into the environment natural radionuclides in quantities that can affect the quality
of human life and the state of the environment. Such materials are called NORM (naturally occurring
radioactive material), while a special category consists of TENORM products (technologically-enhanced
NORM), in which the original content of natural radionuclides is increased by the technological process
itself, making them even more dangerous to the environment [1].

The rapid alert system for food and feed (RASFF) monitors the results of control of foodstuffs and
products, as well as animal feed, from the point of view of all quality parameters, including
radionuclides.
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2. The source of radioactivity

The concentration of natural radionuclides depends on the location and is highest in places where
mineral raw materials are exploited, which includes radionuclides from the uranium and thorium series,
together with all their radioactive descendants, the most important among them being radon gas (***Rn).
This radionuclide is not characteristic of industrial processes, so we will not consider it further.

Besides the ore and coal mining industries, the technology of production of mineral phosphate and
potassium fertilizers for plant nutrition and mineral additives for animal feed also significantly
contribute to the introduction of natural radionuclides into the environment. The reason is that most
phosphate ores are characterized by the presence of radioactive elements from the uranium and thorium
series, especially *°Ra and ***U, so the total specific activity of these ores can reach several thousand
Bg/kg. Therefore, crude phosphate as a semi-finished product and mineral fertilizers with potassium and
phosphorus also contain significant amounts of natural radionuclides. These radionuclides are regularly
introduced into the ecosystem through plant nutrition processes, but also through technology of
wastewater and waste treatment, because unwanted contamination and exposures can originate from
radionuclides that enter the environment due to inadequate waste treatment, especially via
phosphogypsum, which is a by-product of phosphate production. Mineral additives for animal feed,
based on phosphates, can significantly increase the amount of natural radionuclides in diet and
consequently in the meat and other products.

In that way, a part of these radionuclides through the animal nutrition chain, but also deposition, can
end up in foodstuffs. It is estimated that the total contribution of this industry, together with the oil and
gas exploration industry, is almost 95% of the total input of natural radionuclides into the environment.

In addition to the mentioned natural radionuclides, one of the most important sources of natural
radiation is potassium, i.e., its radioactive isotope *’K. Unlike natural radionuclides from the uranium
and thorium series, which, due to their chemical structure (heavy metals), are not included in metabolic
processes, ‘K acts like natural potassium, fully participates in human and animal metabolism and finally
is deposited in bones. It is found in soils in quantities that correspond to specific activities in the range
of 600-900 Bg/kg, and consequently, it is also found in various products for human and animal nutrition.
During life, a person constantly ingests new amounts of *°K through food, with a contribution of
approximately 65 Bq/kg body weight, so this radionuclide together with '*C makes up almost the total
radioactivity of the human body, which for a person of 80 kg is about 5200 Bq *’K and 3400 Bq “C.

On the other hand, artificial radionuclides reach the environment only in the case of accident
situations in nuclear facilities. The highest global radioactive contamination that has affected the
environment was registered after the 1986 Chernobyl and 2011 Fukushima disasters. The accident at the
Chernobyl nuclear power plant reactor was recorded as the accident that led to the greatest radioactive
pollution of the environment, especially in Eastern and Northern Europe. The consequences of that
accident are still measurable, and some of the artificial radionuclides that were emitted at that time are
still detected in samples from the environment, including foodstuffs. Of course, due to the natural
process of radioactive element decay, their concentration is now much lower than in the years
immediately after the accident. Due to its longer half-life of about 30 years, *’Cs is the primary
radionuclide that can still be detected in the environment. Significant amounts of radioactive '*’Cs
originating from this accident are today mostly detected in forest fruits, mushrooms and wild game meat
since this forest ecosystem is mostly not mechanically processed and treated, which are procedures that
reduce the specific activity of radionuclides in the surface layer of the soil. Given the much smaller share
of these foods compared to other agro-industrial products, the contribution of this radioactivity to the
total dose received by the population is relatively small.

Forest wild mushrooms can have a *’Cs specific radioactivity of several hundred Bg/kg, and
exceptionally, up to 1000 Bg/kg depending on mushroom species, the altitude at which they were
collected and the characteristics of the environment itself. In addition to mushrooms, berries can also
have increased radioactivity due to the presence of '*’Cs.

Wild game, especially boar and deer, also can produce meats that contain increased amounts of
radioactive Cs as a result of their diet and the accumulation of radionuclides in the animal’s body.
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Therefore, some European countries have defined a limit of 3000 Bg/kg for '*’Cs in wild meat from
certain areas (Norway) [2]. Based on the data published in Germany for 2017-2019, it was concluded
that the maximum values of specific activity of radioactive '*’Cs in wild boar meat were up to 1600
Bg/kg, which excluded further sale of that meat and its restriction to personal use only [3].

3. The current legislation

European legislation defines the maximum values of permitted contamination by appropriate
regulations, especially foodstuffs and feed originating from third countries, are particularly important
items to be controlled for radionuclide content and their specific activity (Commission Implementing
Regulation (EU) 2020/1158 of 5 August 2020 on the conditions governing imports of food and feed
originating in third countries following the accident at the Chernobyl nuclear power station).

In relation to the previous edition of this rulebook from 2008, the radionuclide '**Cs was excluded from
the control system, considering that 10 periods of its half-life (approximately 2 years) had already passed
since the accident, and it no longer needed to be controlled.

The prescribed limits of permitted maximum specific activity of '*’Cs are 370 Bq/kg in milk, dairy
products and food for infants and young children and 600 Bq/kg for all other products. The stated
maximum values do not apply to private consumption, only to products for further sale. It is estimated
that the contribution of food and water radioactivity to the total dose received by the population is in the
order of 10%, but would be greater in any population that has specific eating habits. In numbers, it would
look like this: ingestion of food containing 80 kBq of '*’Cs corresponds to exposure with a dose of
ImSv, which is approximately one third of the total dose received by the population during one year
from all sources. Most countries in the region that are not EU members have accepted the EU legislation
in the accession process, so the same maximum allowed values of '*’Cs contamination are used on their
markets.

The Russian authorities have defined the issue of radioactivity in food much more precisely, as stated
in Annex No. 4 to the Technical regulation of the Customs Union On Food Safety (TR TS 021/2011),
where the maximum values for radionuclides '*’Cs and *° Sr are defined (Table 1).

Table 1. Maximum allowable levels of radionuclides cesium-137 and strontium-90

Specific Activity  Specific Activity

No. Groups of Food Products of ¥7Cs, of *'Sr,
Bq/kg() Bq/kg(D)
1  Meat, meat products and by-products 200 -
2 Venison, game 300 -
3 Fish and fish products 130 100
4 Dried fish and stockfish 260 -

Milk and products of milk processing (except for
condensed, concentrated, canned, dry, cheese, and
cheese products, butter, and butter paste from cow
5 milk; cream-and-vegetable spread and cream-and- 100 25
vegetable melted mixture, concentrates of dairy
proteins, lactulose, lactose, casein, caseinates,
hydrolysates of dairy proteins)
Concentrates of dairy proteins, lactulose, lactose,

6 casein, caseinates, hydrolysates of dairy proteins 300 80

7  Products of milk processing, dry, freeze-dried 500 200

8  Cheese and cheese products 50 100
Products of milk processing, concentrated,

9  condensed; dairy, composite dairy, milk- 300 100

containing canned food products
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10  Butter, butter paste from cow milk, milk fat 200 (for milk fat 60 (for milk fat

100) 80)

Cream-and-vegetable spread, cream-and-
11 : 100 80

vegetable melted mixture
12 Dry nutritional media on a milk basis 160 80
13 Vegetables, root crops including potatoes 80 (600(2)) 40 (200(2))
14  Bread and bake goods 40 20
15 Flour, grits, meals, cereals, alimentary products, 60 -
16  Wild berries and preserved wild berry products 160(800(2)) -
17  Fresh mushrooms 500 -
18  Dried mushrooms 2500 -
19  Specialized baby foods ready to serve(1) 40 25
20 Vegetable oils 40 80

Oils (fats) interesterified refined deodorized; oils

(fats) hydrogenated refined deodorized;

margarines; special purpose fats, including

cooking, confectionary, and baking fats; milk fat
71 replacers; cocoa butter equivalents, cocoa butter 60 20

improvers of SOS-type, cocoa butter substitutes of

POP-type, non-tempering cocoa butter substitutes,

vegetable-and-fat spread, vegetable-and-fat

melted mixtures, sauces on the basis of vegetable

oils, mayonnaises,
2 Vegetable-and-cream spreads, vegetable-and- 100 20

cream melted mixtures
(1) —in the case of freeze-dried products, the specific activity is determined for a reconstituted product.
(2) — permissible level for a dry product.

Legislation in the Republic of Serbia regarding radioactivity is within the competence of the
Directorate for Radiation and Nuclear Safety and Security of Serbia and is formulated in two documents:
Rulebook on control of radioactivity of goods during import, export and transit, 86/19 and 90/19 and
the Ordinance on the limits of radionuclide content in drinking water, foodstuffs, animal feed, medicines,
items of general use, construction materials and other goods placed on the market (Official Gazette
36/18).

Goods for which gamma spectrometric analysis is mandatory during import, export and transit are
listed in Annex I of the Ordinance on the control of radioactivity of goods during import, export and
transit (Official Gazette 44/11, 86/19 and 90/19).

Goods under the jurisdiction of phytosanitary inspection and for which gamma spectrometric
examination is performed are:

1. Herbs

2. Mushrooms, in any form and products of which they are a part

3. Blueberries, in any form and products of which they are a part

4. Cranberry, in any form and products of which they are a part

5. Forest fruits, in any form and products of which they are a part

6. Mineral phosphate fertilizers (finished product)

Goods under the responsibility of veterinary inspection and for which gamma spectrometric
analysis is performed in accordance with the risk analysis are:

1. Meat and products

2. Milk and milk products

3. Edible products of animal origin
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4. Fish caught in the sea and their products
5. Other goods under the jurisdiction of the veterinary inspection

The limits of maximum permitted values are prescribed by the Ordinance on the limits of
radionuclide content in drinking water, foodstuffs, animal feed, medicines, general use items,
construction materials and other goods placed on the market and are based on the values of derived
radionuclide concentration in water and food which induces an annual dose of 0.1mSv. These sizes
depend on the annual quantities of these products that are consumed, so based on WHO
recommendations, an average value of 730 | of annual drinking water consumption per capita was taken.

GD
IKv =
eg Vo

GD - annual dose, maximum value 0.1 mSv.

Ikv - derived concentration of radionuclides in water.
e, - received effective dose at unit intake.

V, - annual amount of consumption (for water 7301).

Table 2. Derived specific activities of some radionuclides in drinking water

Radionuclide IK,, Bqg/l
238U 3
Natural radionuclide 226Ra 0.5
210pp 0.2
c 240
9Sr 4.9
Artificial radionuclide Co 40
B34Cs 7.2
97Cs 11

The same Rulebook defines the specific activity of *’Cs in individual food categories, which are
shown in Table 3.

Table 3. Derived '*’Cs radionuclide specific activities in particular product categories

Product categories 1K1, Bq/kg, Bq/l
Milk and milk products, infant formulas, vegetables, fruits, cereals,
meat and meat products, eggs, other foods such as lard, oil, sugar, 15

sweets, alcoholic and non-alcoholic beverages

Powdered milk, wild berries (blueberries, cranberries, blackberries,
strawberries, raspberries, currants, gooseberries), game, fish, seafood, 150
mushrooms (fresh and mushroom products), herbs, teas and coffee
Dried mushrooms, flavourings, spices and other foods used less than

2 kg per year 600

These two tables shows that the defined value of IKy for '*’Cs is determined arbitrarily, because it
would imply that all these categories of food are consumed in amounts per year of 535 kg or 1 for the
first category and 53.5 kg or | for the second category, which is certainly overestimated value.

4. The critical points
Previously, the system of radioactivity control of goods in Serbia included a large number of products,
and control, and sampling was performed at the border, so it had a preventive effect in some way. The
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import control system with the new editions of the Rulebook excludes certain categories of foodstuffs
that have been regularly controlled so far, so that imported cereals are no longer controlled, even though
a large part of these products comes from Eastern Europe. Also, the established control system is more
focused on imported products, while domestic products are generally more often controlled during
exports or monitoring.
As critical points in the current national legislation, which defines radioactivity as a parameter of
food and feed safety as well as of other goods placed on the market, we can list the following:
e inconsistency of ordinances describing the control of goods at import and placing of goods
on the market.
e certain product categories are excluded from the control process, although they can
significantly increase the radiation load of the population (cereals and plant products).
e the categorisation of animal feed is not defined, but a historical approach is used and
boundaries for humans are applied, although the diet and quantities are not the same.
e non-compliance of product and raw material categories, e.g., for forest fruits and products
(blueberries).
e lack of information for end users about the content of radionuclides in certain types of
products and procedures for their safe use (mineral fertilizers, some mineral premixes for
animal nutrition).

Compared with the allowed values of specific activity for '*’Cs in national and European regulations
and in regulations valid in Russia and some former Soviet republics, we notice deviations and
differences that can cause misinterpretations and problems in the trade of such goods in import and
export. A significant difference is the introduction of control of the content of the radionuclide *°Sr,
which is analytically much more complicated than analysis of *’Cs.

5. Conclusion

In conclusion, we point out the fact that Serbia’s national legislation is stricter than the European one in
terms of radioactive contamination, but that it will be harmonized with it in time. The current situation
can lead to certain problems when importing goods that are safe on other markets but cannot be marketed
in Serbia because they do not meet the national legislation. Even in the EU system with higher permitted
contamination limits than are allowed in Serbia, during 2019, the RASFF recorded 13 cases of food and
animal feed with high radionuclide content [4]. Mechanisms for controlling radioactivity in food and
animal feed need to be developed and improved, since there are several older generation nuclear power
plants in the vicinity of Serbia that are still operational. The security systems of nuclear facilities are
certainly one of the most advanced creations of the human mind, but cases like Chernobyl or Fukushima
must suggest the need to constantly improve the process of protecting the population from the harmful
effects of radioactivity.
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Abstract. This paper describes the process of obtaining and using
complex biostimulants for plant growth, based on enzyme-
mediated and acid-mediated hydrolysates of animal raw materials.
Animal blood at slaughter was enzymatically hydrolyzed with a
substance that contains up to 35% of free amino acids. The effect
of biostimulants on development of agricultural crops and forest
plants grown from seed after long dormancy was studied. The
changes in enzymatic activity of the system were assessed. The
prominent positive effect of the biostimulants on the rate of seed
germination and formation of green biomass was established.
1. Introduction
The successful development of modern agriculture is largely based on use
of chemicals that stimulate the growth and development of plants [1, 2].
Plant growth rate is influenced by various factors, including the influence of
microorganisms that can suppress or stimulate the accelerated growth of
plant cells [3]. The microbiota of the growth medium and accelerated growth
of cell biomass often contributes to intensive development of a plant [4, 5,
6].

Eco-friendly agricultural production now means the issue of fertilizers
and other chemicals is a most important factor. This is especially important
when using plant growth regulators [7, 8]. Advances in chemical synthesis
and the improvement of analytical control methods nowadays allow the use
of very low concentrations of growth regulators, which increases the danger
of their use from the ecological point of view [9, 10, 11].

Today, research is focused on production of small chemical molecules by
hydrolysis of natural biopolymers, the structures of which contain minor
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components valuable for biological plant cells [12, 13]. The aim of this work
was to establish whether effectors based on animal raw material
hydrolysates would have a stimulating effect on development of plant
biomass.

2. Materials and Methods

Seeds of beans Phaseolus vulgaris (L.) Savi, curled mustard Brassica
juncea L. and the slowly germinating seeds of Jack pine Pinus banksiana
were used. Before germination the seeds were kept at 5-10°C for 1 month.

The beans were soaked in water media for 4-7 hours. The swollen seeds
were placed on a moistened filter paper in bacteriological Petrie dishes and
were germinated for 4 days in a glass box. Seeds of Brassica juncea L. were
germinated on a filter paper for 3 hours with constant wetting and at the
room temperature. The substrate under the seeds was periodically wetted.
Sprouted seeds were removed from filter paper and transplanted into soil.
After 5 days, the growth was assessed by measuring plant root parameters.

In the work, we utilized acid-mediated hydrolysates (AH) and enzyme-
mediated hydrolysates (EH) obtained by us from animal protein [14]. The
preparations were diluted with water at a ratio of 1:100.

EH and AH hydrolysates are minor free amino acids with admixed
impurities of non-hydrolyzed proteins residues. EH is produced with the
help of enzymes, and compared with AH, it usually features lower amounts
of amino acids and a significant proportion of peptides and oligopeptides of
medium and high molecular weight. AH is produced with the help of
mineral acids, which result in a greater proportion of pure amino acids than
in EH.

The content of amino acids in AH was as follows, %: Ile — 0.4; Leu — 3.6;
Lys — 1.6; Met - 0.5; Cys — 0.6; Phe — 0.8; Tyr — 1.1; Tre — 0.5; Trp — 1.3;
Val — 1.4; Ala—0.7; Arg — 2.8; Asp — 1.4; His — 1.3; Gly — 0.5; Glu — 7.3;
Pro — 3.3; Ser — 0.7. Total = 30. In AH, up to 70% of short peptides with a
molecular weight of 200-300 kDa were found.

In EH, the following free amino acids were found, %: Ile - 4.6; Leu 5.3;
Lys 4.7; Met - 1.7; Cys 0.05; Phe 2.3; Tyr 5.1; Tre - 0.9; Trp - 0.2; Val 5.3;
Ala - 7.4; Arg 1.3; Asp - 21.6; His 12.5; Gly 9.9; Glu 2.3; Pro - 3.7; Ser -
1.5, total amount of amino acids — 95%.

The following substances were admixed into the stimulating biological
products, g/100 g of concentrate: EH (or AH) — 5; amber acid — 0.3; urea —
3; sodium nitrates — 3; ammonium nitrates — 6; monosubstituted potassium
phosphate — 3; magnesium sulfate — 4; ammonium sulfate — 2; manganese
nitrate — 0.006; zinc nitrate — 0.6; copper sulfate — 0.5.
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The moisture content of the seeds was determined by gravimetric
measurement. Amylase was determined by a standard test method.

3. Results and Discussion
Table 1 shows quantitative determination of the standard amylase

activity in the germinated seeds in media with added biostimulants.

Table 1. Amylolytic activity, unit/mg-hour-g

Time, Control Biostimulant AH Biostimulant EH
hour B.juncea  Pinus B. juncea Pinus B. juncea Pinus
L. banksiana L. banksiana L. banksiana
0 40 30 90 75 205 130
24 70 45 110 80 210 150
48 60 50 105 80 215 155
72 75 60 125 87 225 168

The values in Table 1 prove that amylolytic activity in the different systems
was expressed in different ways. Maximum amylolytic activity was reached,
as a rule, on the third day, and in seeds with biostimulants, this activity
exceeded the activity in the control by around 10-15%. The introduction of
biostimulants promoted rapid assimilation of nutrients by cells and provided
a positive effect on plants’ development and growth. The AH-based
biostimulant, with a noticeably high content of free amino acids, quickly
activated amylolytic enzymes, which was registered by amylase activity.
The use of the biostimulants correlated with the rate of seed germination. It
was of scientific interest to assess the efficiency of amylase enzymes on
development of the seeds under consideration.

Table 2. Proportion of germinated Phaseolus vulgaris (L.) Savi bean seeds
in biostimulant medium, %

Time, days Control Stimulant EH Stimulant AH
1 30 36 69
2 32 49 74
3 61 64 103

Table 2 shows the ratio of germinated seeds to the total number of seeds.
From Table 2, it is obvious that a greater percentage of the seeds sprouted in
the media with added stimulants, which contained high amounts of amino
acids that were released during hydrolysate preparation. AH, based on acid
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hydrolysate from animal raw materials, contained more than 90% free amino
acids. Their ratio corresponds to those ratios that are specific in natural
origin tissues and, therefore, AH is extremely favorable for development of
plant cells.

EH had a less significant stimulating effect. EH contains many peptides
that are not actively involved in cellular bio-exchange processes. The mass
fraction of amino acids in EH amounted only to 30%, and therefore, the
stimulating effect was less profound.

Figure 1. The development of beans in 4 days at 25 ° C, humidity 85%,
illumination rate 500 lux, in pure water (left) and in media with the
biostimulant EH (right), after subsequent plant growth in soil for 5 days

Figure 1 shows the impact of the stimulant on bean shoot and root
formation. The biostimulant EH induced powerful development of the plant
root system, which is the key to further successful development of green
biomass. The efficiency of AH biostimulant was also tested on hard-to-
germinate forest plant seeds, Jack pine. These seeds are known for their poor
rate of germination and survival rate. Usually, their germination rate does
not exceed 45-60%. Pretreatment of seeds with AH and EH biostimulants
resulted in a germination rate of more than 65%.

4. Conclusion

Complex biostimulants were developed for activation of plant cells. These
biostimulants are based on enzyme-mediated and acid-mediated
hydrolysates obtained from raw materials of animal origin. To increase the
efficiency of the biostimulants, inorganic nutritional components were
additionally included into the composition of the biostimulants. The impact
of AH and EH biostimulants on the growth and development of beans
Phaseolus vulgaris (L.) Savi, curled mustard Brassica juncea L. and Jack
pine Pinus banksiana was studied. Positive effects of biostimulants on the
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rate (percentage) of seed germination and the formation of green biomass
were established, and these effects are apparently associated with the amino
acids used.
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Abstract. Recent views on the use of preservatives sorbic and benzoic acids and their salts in
meat products are presented from the point of accordance with current legislation in the Republic
of Serbia and the EU, food safety and public health risks, and mainstreams in the methodology
for their determination. These preservatives are permitted to be added individually or in
combination, the maximum level is applicable to the sum and the levels are expressed as the free
acid. Currently set values of the recommended daily intake of sorbate and benzoate are 25 mg/kg
and 5 mg/kg, respectively. These values vary and depend on regulations in different countries.
Considering control of the use of these additives, the most common methods for their
determination are chromatographic methods based on high performance, or high pressure, liquid
chromatography with diode array detectors.

1. Introduction

In order to prolong the shelf life of food in general, as well as meat products, several methods of their
preservation have been developed in the food industry. The use of preservatives is a chemical method
of preserving food [1]. Their application is versatile: to prevent reproduction of microorganisms, to
reduce the chemical oxidation processes to a minimum and to reduce the darkening of products [2]. The
harmfulness of the presence of microorganisms in meat products is multiple [3]. By reducing their
number, a reduction is achieved of their metabolic products, which are directly related to faster food
spoilage, and are also toxic to humans. Sorbic and benzoic acids, as well as their salts, have been widely
used as antimicrobial preservatives in foods with a lower pH value.

2. Sorbic acid and sorbates

The food additive sorbic acid has a role of general food preservative and is known under the number E
200. Beside sorbic acid, its salts (potassium sorbate, E 202 and calcium sorbate, E 203) are also allowed
to be used in meat products [4,8,9]. Sorbic acid is an unsaturated fatty acid, chemical name 2,4
hexadienoic acid, primarily extracted from plants [5,6]. Today, sorbic acid and its salts are produced
synthetically and marketed in the form of powder or granules. They have a neutral taste and smell, which
is a very important characteristic, because they do not affect the sensory properties of the products in
which they are used. Due to their physical and chemical properties, sorbates can be used in various food
categories such as aqueous solutions, fat emulsions, suspensions, gels and other products with a high
water content [7]. Usually, sorbates in amounts of 0.1 - 0.2% are added to food.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
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The average recommended daily intake (RDI) for humans is up to 25 mg/kg, but these values vary
and depend on regulations in different countries [10,11]. The mechanism of their antimicrobial effect is
not fully explained. As a weak lipid-soluble acid, sorbic acid dissolves the membrane of
microorganisms, penetrates and accumulates in the cell, affects the pH of the cell contents, which results
in disruption of transport and metabolic functions, and ultimately causes cell death [12,13]. Sorbates are
mostly used as inhibitors of mould and yeast growth, but they are effective in reducing the production
of bacterial biofilm [14,15]. If the pH of the product is lower, the effects of sorbates are more efficient.
The best effects are in the range of pH 3-6.5 [16]. For use in human nutrition, they show very low
harmful effects, which have been shown by numerous studies conducted on laboratory animals [17,18].

3. Benzoic acid and benzoates
Benzoic acid was first described in the 16th century. It is an aromatic carboxylic acid found naturally in
prunes, cinnamon and cloves [16]. It is known as a preservative under the number E 210, and its salts
that are also widely used as preservatives are sodium benzoate E 211, potassium benzoate E 212 and
calcium benzoate E 213 [4,8,9].

Benzoic acid has low toxicity, and its use within the permitted limits does not harm human health.
However, the danger is its conversion to benzene, which is a carcinogenic and toxic compound, but
studies have shown that there is little chance that this reaction will occur in food [16].

The use of benzoate in food has an antimicrobial effect. Benzoates primarily have an inhibitory effect
on yeasts and moulds, but also, like sorbates, they have a bactericidal effect. As benzoates are weak
acids, they are used in products with a pH value below 7. The pH range in which they show the best
effects is pH 2.5-4 [19]. In the food industry, they are used as additives and are added to products in
amounts of 0.05-0.1% [20]. They are widely used in carbonated drinks, where they provide long-term
product safety despite the constant opening and closing of products. They are also used in jams, fruit
salads, minced meat, ice cream, pickles and non-alcoholic beverages [21]. The RDI of benzoate is up to
5 mg/kg body weight [22]. Excessive use can lead to abdominal pain, enlargement of the liver and
kidneys, as well as diarrhoea [21,23].

4. Domestic and EU regulations on preservatives in meat products
Legislation [4,8,9] relating to the use of sorbic acid and benzoic acid and their salts in meat products in
various ways regulate their addition in particular categories of products.

4.1. Fresh meat, meat preparations and non-heat-treated processed meat

In accordance with the regulations, sorbic acid and sorbates and benzoic acid and benzoates are not
allowed at all in fresh meat and meat preparations. Also, in the non-heat-treated processed meat
category, the use of these compounds is allowed only for surface treatment of dried products in the
quantum satis amount [4,9].

4.2. Heat-treated processed meat

The regulations for heat-treated processed meat are rather different, so the use of sorbic acid and sorbates
is allowed up to 1000 mg per kg only in patés and in the same quantity only in aspic, and benzoic acid
and benzoate only in aspic up to 500 mg per kg. These preservatives are permitted to be added
individually or in combination, the maximum level is applicable to the sum and the levels are expressed
as the free acid [4,9]. In local Serbian regulation [4], in the same category of processed meat, sorbic acid
and sorbates and benzoic acid and benzoates are allowed in the quantum satis amount for surface
treatment of heat-treated, dried products.

4.3. Casings, coatings and decorations for meat

In this category, the regulation allows the use of sorbic acid and sorbates in the quantum satis amount
only in collagen-based casings with water activity greater than 0.6, and up to 1000 mg per kg only in
jelly coatings for meat products (cooked, cured or dried) [4,9]. As in the previous category, sorbic acid
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and sorbates are permitted to be added individually or in combination, and the maximum level is
applicable to the sum and the levels are expressed as the free acid. Benzoic acid and benzoates are not
allowed in these products.

5. Determination of sorbates and benzoates in meat products

Several analytical techniques have been used for determination of sorbic and benzoic acids and their
salts in meat products. The two main classes of methods for determination of these additives are ones
based on spectrophotometry and chromatography [24].

Spectrophotometric analytical methods have been seldom used to determine sorbates and benzoates
in meat products in recent times [24]. The reason for this is the complex techniques of sample
preparation for analysis and the possibility that other compounds present in the sample interfere with
the determination.

Today, the most common chromatographic methods are based on the technique of high pressure
liquid chromatography (HPLC) or ultra-high pressure liquid chromatography (UHPLC, UPLC). After
relatively simple extraction procedure from meat product sample and purification of extract, sorbates
and benzoates have been determined by HPLC with various detection techniques. The most common
detection techniques for HPLC determination of sorbates/benzoates use photodiode array (PDA) or
diode array (DAD) detectors. Also, methods involving mass spectrometer detection were used [25].

In most cases, the same method can be used to determine sorbates and benzoates along with some
other additives [26]. The variety of analytes that can be determined by these methods along with sorbates
and benzoates, especially when it comes to additives added to meat products, gives them special
importance for controlling the use of additives in accordance with legislation, food safety and public
health control.

6. Conclusion

Sorbates and benzoates are of great importance for preventing spoilage and prolonging the shelf life of
food, including meat products. Despite the fact that there is no clear evidence of their potential harmful
effects on the health of consumers, studies are periodically conducted to re-evaluate their use in food
and meat products. In order to increase food safety and reduce consumer health risks, RDI values of
these additives have been set.

In order to maintain a satisfactory level of food safety and to ensure the achievement of the conditions
of health recommendations as required by RDI, legislation has been adopted regarding the use of these
additives in food. The use of sorbates and benzoates is very strictly regulated in meat products and is
allowed mainly for external use, on surfaces of non-heat-treated processed meat and casings, coatings
and decorations for meat. In fresh meat and meat preparations their use is not permitted. The exception
is their use in heat-treated processed meat, which is limited to the addition of sorbic acid and sorbates
and benzoic acid and benzoates only in aspic, as well as sorbic acid and sorbates only in patés. The local
Serbian regulation allows the external use of sorbates and benzoates in heat-treated processed meat for
use on the surface of smoked products.

Today, HPLC chromatographic methods with diode-array detectors are mostly used to determine the
content of sorbates and benzoates because such systems are low-cost and available, analyte extraction
is simple, and sample preparation does not require complicated purifications and time-consuming
sample manipulation. These methods can usually be used at the same time to determine other additives,
such as added colours, which increases the methods’ usability for controlling the use of additives in
meat products.
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Abstract: The aim of this study was to determine relationships between final mass of broilers
and the histomorphological properties of individual segments of the gastrointestinal tract. This
is confirmed by the obtained results, which indicate a strong and significant correlation between
compared parameters. A strong significant (p<0.05) correlation (r=0.866) was found between
the broiler final weight and the duodenal villus length, and between the broiler final weight and
the caecal villus length (r=0.918). Correlation between the broiler final weight and the duodenal
villus width (r=0.841), as well the caecal villi width (r=0.918) was strongly significant (p<0.05).
Between the crypt depths in caecum correlation was medium and significant (r=0.701, p<0.05).
It was determined that between the broiler final weights and the ratio of villus length and crypt
depth there is a significant medium correlation (r = 0.736, p<0.05). A strong (r = 0.924)
significant (p <0.05) correlation was found between the broiler final weight and the ratio of villus
length and caecal crypt depth. Between final mass of broilers and other histomorphological
properties of individual segments of intestine there was no significant correlation.

1. Introduction

In order to improve genetic potential of highly selected broiler hybrids (Cobb, Ross), appropriate
conditions of health care, accommodation, and especially nutrition are required. The gastrointestinal
tract (GIT) of poultry has not only the function of digestion and absorption of nutrients, but it is also a
metabolic and immunological organ, which serves to limit the presence of harmful agents, primarily
bacteria and protozoa (coccidia and intestinal parasites), in the GIT. Maintaining a balanced ratio of
harmful and useful microorganisms (eubiosis) in the poultry GIT has special importance for its health,
and thus the health of the animals, and hence the production results and economy of meat production.
Antibiotics (growth promoters) were used for the protection and health of animals’ GIT. Their use has
caused two negative phenomena, one of which is the finding of antibiotic residues in meat (eggs), and
the other, certainly was a much more serious phenomenon, bacterial resistance, which is why their use
is now forbidden. In order to preserve animal health in modern intensive poultry production, alternatives
to antibiotics are required. As an alternative to antibiotics, medium-chain fatty acids (MCFAS) are used,
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singly or as two or more MCFAs in poultry diets. One of such commercial products, Aromabiotic®, is
recommended in poultry nutrition. The use of MCFA in broiler nutrition contributes to presesrving the
health of the GIT, and thus to better production results (higher final body weight, higher growth, and
better feed conversion). The aim of this study was to examine the correlation between the final mass of
broilers and the histomorphological properties of individual segments of the gastrointestinal tract.

2. Materials and methods

The conditions of keeping and feeding broilers are described in previous works [1, 2]. Birds were
randomly assigned to one of three dietary treatments (control and two experimental groups), each having
six replicates (ten birds in each replicate). Immediately after the animal slaughter, parts of the small
intestine (duodenum and ileum) and caecum were collected for histological analyses from each group.
The tissue samples were fixed in 10% buffered formalin saline, then dehydrated by immersing through
a series of alcohols and embedded in paraffin by standard technique. Sections 5 to 8 pum in thickness
were stained with Mayer’s haematoxylin and eosin (HE) method [3]. Morphometric examinations of the
villi length and width, as well as the crypt depth, were carried out using an ocular micrometer 1:100 [4].
Pearson’s correlation was used to determine the correlation between the final mass of broilers and the
histomorphometric properties of individual segments of the broiler gastrointestinal tract. Statistical
analysis of the data and presentation of the results obtained was conducted using the Microsoft Excel
2013 and GraphPad Prism software, version 8.00 for Windows (GraphPad Software, San Diego,
California USA, www.graphpad.com).

3. Results and Discussion

Final body weight, average daily gain and feed conversion are most often used as indicators of
production results in poultry nutrition [5,6]. These parameters can be correlated with the
histomophrometric properties of the GIT. The correlation between the broiler final weight (g) and the
histomorphometric properties of individual segments of the broilers’ digestive tract are present in
Figures 1 to 5.
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Figure 1. Correlation between the broiler final weight (g) and villus length (um) in broilers
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The correlations and significance of differences between the broiler final weight and histomorphometric
parameters of individual segments of the intestine are present in Table 1. A strong significant (p<0.05)
correlation dependence (r=0.866) was found between the broiler final weight and the duodenal villus
length. Also, a significant (p<0.05) strong correlation (r=0.918) was found between the broiler final
weight and the caecal villus length. There was a weak negative correlation dependence (r =-0.281),
which was not significant (p>0.05), between the broiler final weight and the ileal villus length. A strong
(r=0.841) statistically significant (p<0.05) correlation dependence was found between the broiler final
weight and the duodenal villus width, as well as a strong significant (p<0.05) correlation (r=0.918)
between the final body weight of the broiler and the caecal villi width. There was no correlation
dependence between the ileal villus width and the broiler final weight (r=0.201). A medium correlation
dependence was found between the crypt depths in duodenum, i.e. the crypt depth in caecum (r=0.543,
duodenum, or r=0.701, caecum). The correlation dependence (r=0.543) between the broiler final weight
and the duodenal crypt depth was not significant (p>0.05), while the correlation (r=0.701) between the
broiler final weights and the caecal crypt depths was significant (p<0.05). Broiler final weight and the
ratio of villus length to crypt depth, exhibited a significant (p <0.05) medium correlation (r=0.736). A
strong (r=0.924) significant (p<0.05) correlation was found between the broiler final weight and the
ratio of villus length to caecal crypt depth. There was no correlation dependence (r=-0.208) between the
broiler final weight and the ratio of villus length to ileum crypt depth.

Table 1. Correlation dependence and significance of the difference between the broiler final weight
and histomorphometric parameters of individual intestinal segments

Interpretation  of

Histomorphometric . Correlation . Significance
Intestine segment e correlation .
parameter coefficient (r) N of difference
dependence
Duodenum 0.866 Strong p<0.05
Intestinal villus length
lleum -0.281 Weak ns
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Caecum 0.930 Strong p<0.05
Duodenum 0.841 Strong p<0.05
Intestinal villus width  lleum 0.201 No correlation ns
Caecum 0.918 Strong p<0.05
Duodenum 0.543 Medium ns
Intestinal crypt depth  lleum -0.133 No correlation ns
Caecum 0.701 Medium p<0.05
Duodenum 0.736 Medium p<0.05
;I«—azz]thr%ir;pt%fepm“us lleum -0.208 No correlation ns
Caecum 0.924 Strong p<0.05

Legend: ns — not significant; * Source: Colton, 1974 [7]

The efficacy of MCFA use is based on their influence on the morphological properties and on the
microbiota of the GIT. At beginning of fattening, there is a rapid physical and functional development
of the GIT and there are morphological changes in the duodenum, jejunum, and ileum. Thus, in the first
few days, changes in the villus length are especially pronounced, and in two to three days, crypts are
formed. With the change of morphological properties, the ability to absorb nutrients continuously
increases. Also, the activity of pancreatic enzymes, which was observed even before hatching, increases
in the first days of broiler life [8]. Intestinal villi and crypts are units of epithelium that allow the
absorption of nutrients and are renewed every four to five days [9]. Greater cell regeneration and a lower
degree of enterocyte apoptosis, or both, contribute to longer villus length and even greater surface area
of the mucosa, which result in greater nutrient resorption. The degree of absorption is particularly
important for protein absorption since 20 to 40% of the protein is synthesized in the GIT [10,11].
Morphometric examinations of the GIT (duodenum and jejunum) are also important because fats and
other nutrients are absorbed in these parts of the GIT. The villi are covered with enterocytes that form
in the crypts of Lieberkiihn, from where they migrate to the top of the villi. The migration of enterocytes
to the top of the villi and their loss due to apoptosis are in balance in a healthy animal, and the loss of
enterocytes occurs as a consequence of numerous pathogenic bacteria, which ultimately causes an
increase in the crypt depth. More favorable morphological properties, i.e., an increase in the villus length
and width of the intestinal segments, especially the duodenum and caecum, lead to an increase in the
resorptive surface of these intestinal segments. The reduced depth of the crypts and the altered ratio of
the villus length and the crypt depth indicate a reduced replacement of enterocytes, i.e. a reduced need
for the formation of new cells. Growth of new enterocyte cells and maintenance of the normal structure
of the GIT requires significantly more energy and an increased need for proteins. In the phase of
intensive growth in energy demand, they make up 25% of the needs, i.e. 12% of the protein needs out
of the total needs [12, 13, 14]. With increasing broiler age, the crypt depth and the number of enterocytes
per cross section of the villi increase. However, the number of villi per unit area, especially in the
duodenum, decreases [15]. The density of enterocytes in different segments of the intestine does not
change with broiler age. Maximum digestibility and resorption of nutrients and, thus, the impact on
production results, are conditioned by the size of the intestinal surface and with the optimal functional
maturity of enterocytes [16]. Adding MCFA to the broiler’s feed leads to a significant increase in the
villus length and width and, thus, to an increase in the absorption surface area of the duodenal, ileum,
and caecum epithelia in forty-day-old broilers [17, 18, 19, 20, 21]. Also, the addition of MCFA increases
the villus length and the crypt depth, but only in the ileum. Lesson et al. [22] and Panda et al. [23] report
that MCFA in broiler nutrition increases the villus length and the crypt depth in the duodenum, from
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which it can be concluded that this can greatly help young individuals in the development of the digestive
tract. This was confirmed in another study as well [24]. It has also been confirmed that the use of MCFA
in broiler feed leads to increased villus length and increased enzyme production, better digestion,
increased resorption area, and, thus, better absorption of food nutrients [25]. MCFAs reduce intestinal
colonization of pathogens and the occurrence of infections, reduce the frequency of inflammatory
processes in the mucosa, increase villus length and secretion, and increase digestion and resorption of
nutrients [26].

4. Conclusion

Broiler feed with added MCFA contributes not only to the health preservation of the GIT, but also
significantly affects strong correlations between broiler final weight and duodenal and caecal villus
length, duodenal and caecal villus width, and caecal ratio of villus length/crypt depth. Significant
medium correlation was determined between broiler final weight and caecal crypt depth, and also
duodenal ratio of villus length/crypt depth. The results obtained showing the correlation between broiler
final weight and histomorphometric parameters of individual segments of the intestine indicate the
justifiable use of MCFA in broiler nutrition.
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Abstract. Since 2020, the rapid spread of the SARS-CoV-2 virus has caused the global

pandemic COVID-19, generating health, economic and social impacts. The rapid spread
of the infection in the human population required an accelerated adaptation to the new
circumstances to protect human health and mitigate financial losses. As the ongoing
pandemic has caused reported cases in the multi-millions, all stakeholders need to
prevent further outbreaks and mitigate associated risks. Hence, besides government,
health care systems, business stakeholders, public authorities, non-governmental
organizations, and other socially responsible associations, the food sector has a crucial
role in combating COVID-19. The food sector in this context is referred to as every
actor in the food supply chain. This paper explores the difficulties in the entire food
supply chain’s reactions to the pandemic crisis and underlines the meat sector’s
response.

1. Introduction

Last year, 2020, was challenging due to the pandemic of COVID-19, a highly contagious disease caused
by a new virus, officially named severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The
first cases of infection arose in December 2019 and were linked to the Huanan Seafood Market (Wuhan,
China) [1]. The virus was isolated on January 7, 2020, and complete genome sequencing was performed.
On January 12, 2020, the World Health Organisation (WHO) named the coronavirus the 2019-novel
coronavirus (COVID-19). After studying the genome sequence results and evolutionary analysis, bats
were suggested as the natural host of SARS-CoV-2 [2]. On March 11, 2020, WHO declared COVID-19
a pandemic due to its rapid spread and severity. According to WHO data, so far, SARS-CoV-2 has
affected more than 170 million people worldwide, with a mortality rate of about 2%. More than 700,000
COVID-19 cases were registered in Serbia from the beginning of the pandemic, with a mortality rate of
approximately 0.97% [3].

Although there is a lack of information and evidence of how COVID-19 is transmitted, it is known
that this virus can infect humans. The most common signs of illness shown by patients affected with
COVID-19 were fever, cough, and sometimes gastrointestinal disorders [4]. The prevention of virus
spread and protection of human health quickly became priorities for multi-stakeholders, including the
food sector as one of the responsible and key actors. In that context, it is essential for the whole food
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supply chain to identify, control, and decrease food safety risks during the current pandemic crisis.
Preventive measures at governmental level included travel restrictions, border controls, and country
lockdowns.

In contrast, within the food sector, preventive actions cover measures from the implementation of
good hygiene practices (GHP) to improving already established food safety management systems
(FSMS). However, preventive actions differ among countries and food sectors within them, at the same
time causing severe global consequences. Thus, the need for food security protocol alignment on a
worldwide scale arose [5]. To date, the possibility that SARS-CoV-2 can survive in vegetables, meats
or other foods is based only on assumptions with no direct and unmistakable evidence to show that
SARS-CoV-2 can be transmitted from food or food packages to humans [6]. Available data about
COVID-19 outbreaks showed that slaughterhouses and meat processing plants are suitable environments
for spreading SARS-CoV-2. Additionally, in previous literature, several outbreaks in slaughterhouses
and meat processing plants worldwide have been analysed [7]. This study aims to explain how COVID-
19 disease affected the food supply chain, highlighting the meat sector’s concerns.

2. Impact of the COVID-19 pandemic on the food supply chain

2.1. Affected actors of the food supply chain

The COVID-19 pandemic introduced unexpected stresses on food systems, inducing the rapid response
of food supply chains [8]. The range and type of responses varied depending on the stage within the
food supply chain, but food safety is a priority in each phase. The common bottlenecks for almost every
actor within the food supply chain were shortage of workers, maintaining social distancing, transport
restriction, etc. Food processing industries are especially vulnerable, as they have an intensive number
of production staff in the facilities’ limited closed space. On the other hand, the absence of workers due
to prevention measures or disease isolation can cause short or long-term shutdowns in production,
especially in less automated systems such as meat industries and slaughterhouses. The challenge that
emerged from the current crisis is how to balance the need to keep production going and the need to
protect the workers.

According to Djekic et al. [9], retailers were identified as the food supply chain link affected mainly
by the pandemic, in contrast with food storage facilities, ranked as least affected. From the perspective
of consumer food-related demands, the pandemic has led to a drastic shift. In that sense, hotels,
restaurants, catering, and cafés were most affected due to COVID-19 lockdowns on a global level [8].
As the last actor in the food supply chain, consumers have a significant role in influencing behaviour
and food choices. In other words, besides the legislative measures established, consumer demand for
safe food induces the whole food supply chain to implement all necessary steps to prevent zoonoses and
reduce other risks for humans [5]. Besides this consumer role in the food supply chain at the point of
purchase, consumer actions can directly affect food safety at the moment of consumption. These actions
are mainly adequate personal hygiene and ensuring the hygiene of food preparation surfaces. Thus, to
avoid cross-contamination in various directions, such as cooked-uncooked food, human factor-food, or
contaminated surfaces-food, every actor in the food supply chain exposed to this type of risk should
follow WHO suggested measures referring to food handling and preparation practices [10].

Additionally, with the pandemic crisis, hygiene procedures need to be more stringent in the retail and
food industries. More stringent hygiene practice was followed by other requirements, such as the need
for more additional personal protective equipment. Requirements associated with the implementation of
pandemic prevention procedures varied from hygiene improvement, staff awareness, recommended
measures from WHO/government, temperature checks of workers, the physical distance between
workers, limited visits to the facilities, etc. It was revealed that increasing staff awareness and improving
hygiene are the two most critical prevention actions. On the other hand, temperature checks of workers
were declared as less important [9].

The integrative overview of the current COVID-19 pandemic considering food supply chain issues
is concerned with food security, food safety and food availability. Some consider that authorities should
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encourage food enterprises to gather information about their suppliers of raw materials and fresh
products (e.g., vegetables) and connect them with sellers to improve food availability. Furthermore,
specialized mobile device shopping applications can assist farmers in finding alternative buyers in small
city centres. Many countries react to pandemic crises by ensuring food reserves. While China assured
the sufficient nourishment of the local population by releasing at least 300,000 tons of pork reserves,
Italy implemented relevant laws to force food makers to keep resources for emergency purposes [10].
When it comes to emergency preparedness within food companies, it was revealed that less than a half
of food companies had documented any emergency plan associated with pandemics [9].

2.2. Changes within meat supply chain during COVID-19

Although meat is not necessary for the diet, the inclusion of meat and meat products makes it easier to
ensure a good and healthy diet. In Serbia, meat in general, especially barbecued meat and different types
of roast meat, has an important role in daily meals [11]. From the nutritional quality aspect, meat is a
good source of high-quality proteins as it contains essential amino acids that must be ingested.
Furthermore, meat and meat products are characterized as important sources of all the B-complex
vitamins and excellent sources of some minerals, such as iron. On the other hand, fresh meat is a
perishable food [12]. In that context, providing safety assurance of this food is a concern, especially in
emergencies. Safety assurance within the meat sector is not a simple task for every meat supply chain,
especially in terms of greater potential risks. As a risk-based meat safety assurance system needs to be
periodically reviewed and its development constantly in focus [13], system revisions, including of
COVID-19 associated risks, should be done. Moreover, it was recognized that livestock farmers,
slaughterhouse workers, meat processors, traders, and policymakers need mutual support to ensure a
stable meat supply chain [14].

The COVID-19 pandemic has direct and indirect impacts on meat production. Direct impacts were
based on decreasing numbers of production workers due to infection and adverse market conditions for
farmers. Furthermore, for meat producers, the market was not desirable due to the reduced income status
of consumers. Although consumers started to stock items with longer shelf life during COVID-19, the
demand for particular meat products such as hamburgers and minced meat also increased [14].
Additionally, in recent research conducted in Serbia, authors confirmed that risks and associated
preventive actions linked with the COVID-19 pandemic significantly influenced consumers’ eating
habits and food shopping behaviour [15].

3. Response of meat sector in Serbia to the pandemic crisis

According to available public statistics data from the Statistical Office of the Republic of Serbia [16],
some trends within the meat sector emerged. Observations are based on the statistical indicator of meat
production (Figure 1).
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Figure 1. Meat production in Serbia during 2018 to 2020
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Data on production of the most common types of meat produced in Serbia were obtained for potential
determination of differences. The analysed period covered one year before the critical year of the
pandemic.

4. Conclusion

According to relevant representative studies of how COVID-19 affected the food sector, it was revealed
that all actors of the food supply chain were affected in particular ways. The most common triggers
originating from pandemics, such as lockdowns, social distancing, and worker illness, caused changes
in every sector in the food supply chain. Implemented preventive measures varied from increasing staff
awareness and improving hygiene to making food reserves and revising safety assurance systems. For
the meat sector, adverse conditions on the global market were detected. In contrast, public statistics data
from Serbia for the critical pandemic period showed increased beef, pork, and poultry production.
However, studies are leading meat scientists, producers, and other actors in the meat supply chain to
develop preventive actions and safety assurance systems to overcome food insecurity under pandemic
situations.
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Abstract. Infection with the apicomplexan protozoon Toxoplasma gondii is one of the most
prevalent parasitic zoonotic infections globally, with existing seroprevalences varying between
continents, countries, and even within countries and between individual communities. It is estimated
that one third of the world’s human population is infected with 7. gondii, with many studies showing
that the dominant mode of infection is consumption of undercooked meat harbouring T. gondii tissue
cysts. Prevalences of infection in food animals in different countries range from 0 to 93%. Because
of the absence of clinical symptoms in infected animals, and the unfeasibility of rapid and
unequivocal detection of microscopic tissue cysts in pork, infected pigs remain unrecognized, and
their meat becomes an essential source of infection for humans. The data on 7. gondii infection in
pigs in Serbia from several studies, as well as on the detection of the parasite in different food
categories, from fresh pork to heat-treated products, are discussed.

Introduction

Among the pathogens transmitted through food, parasites occupy a significant place. Many
parasitic infections pose a major public health challenge, among which the European Food Safety
Authority has identified as critical risks Cryptosporidium spp., Echinococcus spp. and Toxoplasma
gondii [1]. It is estimated that one third of the world’s human population is infected with the
protozoan 7. gondii, making it the most widespread parasitic zoonosis globally [2]. Although the
domestic cat and other members of the cat family are the only permanent hosts of 7. gondii, many
studies have shown that the dominant mode of infection for humans is consumption of undercooked
meat (from pigs, lambs, cattle, and horses), and that differences in prevalence correlate with food
preparation culture [3]. The World Health Organization (WHO) estimates that over 1 million cases
of toxoplasmosis in the European region are caused by contaminated food every year [4]. The
infection is peroral in over 90% of cases, i.e., caused by ingestion of contaminated food or water.
Research indicates that 40-60% of these are infections are caused by consumption of contaminated
meat, especially pork. Due to the absence of clinical symptoms in infected animals and the lack of
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appropriate, specifically commercially feasible methods for rapid and unequivocal detection of
microscopic cysts of 7. gondii in meat [1], infected pigs remain unrecognized, and their meat
becomes an essential source of infection for humans [5]. That is precisely why 7. gondii remains
one of the most studied parasites due to its importance for veterinary and human medicine.

FOODBORNE TRANSMISSION PATHWAYS FOR TOXOPLASMA GONDII

R

LEGEND 5 Oscys ,354; Tachysoites @ Besdymbie

Figure 1. Foodborne transmission pathways for 7. gondii infection [1]

Presence of 7. gondii in pigs. What are the data for Serbia?

Traditionally, pork is the most preferred type of meat among domestic consumers in Serbia,
corresponding to the volume of pig production in the primary sector. According to data from the
Statistical Office of the Republic of Serbia, pigs bred in Serbia number about 3 million units, while
about 2.2 million pigs are slaughtered annually in slaughterhouses [6]. Given the importance of 7.
gondii in the pig meat production chain, it is necessary to know the presence of this parasite in pigs
at the national level. By considering risk factors and biosecurity systems on farms, whether and to
what extent certain parameters affect parasite transmission among animals can be determined [7].
The prevalence of T. gondii can vary depending on the type of management practices used in the
farms, the number of animals tested, and the age and type of the pigs tested (fattening vs. sows;
indoor pigs vs. organic pigs) [8]; globally, including data from 47 countries from all continents, 7.
gondii prevalence in pigs averages about 19%, while the European average is 13% [9]. The first
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seroepidemiological study in Serbia was conducted in 2002/2003 [10], when a seroprevalence of
28.9% (40.9% in weaned sows, 15.2% in fatteners) was determined, while a subsequent study in
Belgrade showed a similar distribution of infection among age categories (30% in weaned sows,
8.3% in fatteners) with a total prevalence of 9.2% [11]. In the latest research in Vojvodina, an
overall prevalence of 17% was determined in a total of eight farms, and viable 7. gondii parasites
were isolated from pig tissues [12].

Control of 7. gondii in pork and pork products

Although predilection organs have been shown to be more parasite-laden than muscle tissue [13],
an increasing number of studies have shown the presence of parasites in retail fresh pork [14,15].
In addition to fresh pork, 7. gondii has been demonstrated in vacuum packaged meat; this
packaging is used commercially for pork to enhance palatability and prolong shelf life. In control
(non-vacuum packaged) pork stored at 4 °C, T. gondii survived storage for 28 days. In vacuum-
packaged pork, 7. gondii survived for 14 days but not 21 or 28 days [16]. Minced meat has also
been investigated for the presence of 7. gondii, as various commercial cuts are often used in mince
production. In a study from Poland, 7. gondii DNA was detected in 4.5% of 756 samples of retail
minced pork and 5.8% of 1355 samples of raw sausage [17]. It has even been confirmed that the
parasite survived in cured hams in Spain after 12 months of maturation [18]. On the other hand,
three studies in America showed that 7. gondii cannot survive salting procedures for ready-to-eat
pork products [19, 20, 21]. However, all heat-treated products, cooked sausages, or products
preserved by sterilization [22, 23] are free of 7. gondii parasites; for example, Hill et al. [24]
showed that 7. gondii is killed in 5.6 minutes at 49 °C, in 44 seconds at 55 °C and in 6 seconds at
61 °C if the temperature is evenly distributed and maintained throughout the thickness of the meat.
So far, there is no data on the detection of 7. gondii in retail pork or pork products in Serbia.

Conclusion

All new knowledge on the transmission and risk factors for 7. gondii infection is vital for improving
educational programmes for groups of people considered to be at high risk concerning infection
with this parasite, primarily pregnant women (because of the risk to the foetus) and
immunocompromised persons. For food to be safe for consumption, it is necessary to carry out
actions and activities to prevent or eliminate food safety hazards following the Codex Alimentarius
[25]. The purpose of control measures is to produce food that is safe and suitable for human
consumption. To prevent foodborne toxoplasmosis, one should follow the WHO five keys [4] to
safer food.
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The controversies of genetically modified food
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Abstract. The increasing use of genetically modified (GM) foods and feeds attracts the interest
of media and public, causing great concern among consumers about the consequences of their
consumption. The issues of concern are mainly focused on the impact on consumer health and
the repercussions on the environment. The biggest fears are the possible negative consequences
on human and animal health, which encompass allergic reactions, side effects such as toxicity,
damage to individual organs, gene transfer and differences in nutritional value. Consumers are
unsure and confused as to whether consuming GM foods is harmful to their health or not.
According to a Pew Research Center survey conducted between October 2019 and March 2020,
48% of respondents said GM foods are harmful, 13% responded GM foods are safe, while 37%
of respondents could not express their opinion due to lack of knowledge about it. Numerous
studies have been undertaken to examine the effects that GM foods and feeds exert on humans
and animals. The results differ in many ways that issue numerous questions. In this paper, we
will try addressing questions that concern the public, as well as the activities and measures that
science and competent institutions are taking to confront them.

1. Introduction

1.1 What are genetically modified organisms (GMOs)?

GMOs are plants, animals or microorganisms with genetic material altered by gene insertion from
another organism, carrying information about a desired trait not naturally present in the organism [1].
This gene manipulation results in a new organism that does not occur spontaneously by natural methods
of crossbreeding. The gene with the desirable trait is introduced to the host organism by a biolistic or
Agrobacterium tumefaciens mediated approach [2]. Gene transfer either can occur between two
organisms of the same species or closely related species (the genes are called cysgenes), or between
organisms not closely related (transgenes) [3]. An example of the latter is the insertion of a gene from
marine fish into spinach, potatoes or tomatoes, which makes them resistant to frost [4].

The history of cultivating plants with higher yields, faster growth, disease resistance or containing a
specific nutritional characteristic goes back to the early beginning of humankind. Ever since, humans
have been producing crops by selecting those with desirable phenotypes. Because of that selection, we
began to produce new varieties of plants with desirable traits much faster than they would naturally
occur. Now though, our GM crops can carry genetic material, for example, for a particular trait that
allows them to survive in adverse and/or extreme climatic conditions, or improves their quality. These
include herbicide and pesticide tolerant crops, crops resistant to pests and viruses, drought or frost, or
crops with improved yields and quality. In addition, the benefit of foods that contain these genetic
modifications is the continued use and preservation of their nutritional value.
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More than a hundred research studies comparing the effects of consuming traditional foods and GM
foods have tried to give answers to the many questions raised around the use of GM foods. The outcomes
of the studies have been published in numerous papers in professional and scientific journals. The
accordance or not of GM foods with the regulations is visible in the database of GM cultures in different
countries on the website of International Service for the Acquisition of Agri-biotech Applications
(ISAAA) [5]. Moreover, the U.S. Department of Agriculture provides a list of bioengineered foods
available to consumers throughout the world, where they can get information about the history of GM
cultures, type of modification and regulation in the world [6].

1.2 Why did humans start producing GMOs?

According to the United Nations forecast, the world’s population will reach 9 billion by 2050 [7]. This
will impose an increased demand for livestock products, followed by an urgent need for increased crop
production. The ISAAA brief form 2018 states that per capita consumption of meat, milk and will rise
by 2% per year in most parts of the developed world [8]. Therefore, the demand for feed crops will
significantly increase, taking into consideration the fact that livestock unit’s average needs per kg of
meat production are approximately 3 kg of feed grain and less than 1 kg of feed grain per kg of milk
production [9].

Every year, we are witness to a drastically increased climate change that results in floods, droughts
and spread of plant diseases, which poses a growing threat to the cultivation of many of these crops. So,
in the decades to come it will be increasingly difficult to feed the world’s population, which is a big
challenge for genetically modified crops — will they be able to do that?

In order to produce crops that will perform better than traditional crops and give higher yields with
higher nutritional value, and are resistant to pesticides, especially insecticides, to limit the action of toxic
herbicides, genetic modifications have been used. GM crops resistant to the organophosphorous
herbicide glyphosate enable increased yields despite the much greater use of glyphosate during plant
growth [10]. Unlike this type of herbicide-resistant GM crop, with the production of GM insect-resistant
crops, the use of insecticides in crop cultivation is significantly reduced, indirectly affording better
protection of the environment [10]. Furthermore, GM crops are resistant to various diseases, are more
tolerant to stress factors of diverse nature, have a long storage time, and can be used in medicine and
industry.

1.3 The first genetically modified food produced
The first genetically modified food was the red tomato, so-called Flavr Savr™ tomato, which contained
a gene that delays ripening [11]. This prevented the softening of the tomato, making it resistant to
spoilage, while maintaining its natural colour and taste. This product was approved for use in 1994 by
the US Food and Drug Administration [11]. The most important commercially produced bioengineered
crops are soybean, corn, cotton and oilseed rape, which are resistant to herbicides and pesticides. Such
is the case with GM crops that are resistant to glyphosate, which is then widely used during crop growth
to destroy weeds and grasses. A gene (CP4 epsp) is inserted into these crop plants from the bacterium
Agrobacterium tumefaciens, and which reduces the affinity for glyphosate binding, thus increasing the
plant’s tolerance to the herbicide. Currently, soybean, corn, alfalfa, oilseed rape, sugar beet and cotton
carrying a genetic modification that gives them resistance to glyphosate are present on the market.
Furthermore, a gene from the bacterium Bacillus thuringiensis (Bt) and responsible for protein
synthesis i.e. crystal toxin, referred to as Cry toxin, has been inserted into corn, cotton, potatoes and
tobacco. This protein is toxic for larvae of some insects in the Lepidoptera, Coleoptera, Hymenoptera,
Diptera and Nematoda classes that attack these cultures [12]. After ingestion of the GM food, in the
digestive system of the insects, a protein coded by this gene is synthesized and binds to the intestinal
wall. Within a few hours, the insect’s intestinal wall disintegrates, allowing the normal gut microbiota
to enter the abdominal cavity, causing septicaemia followed by death. The commercial production and
distribution of Bt crops were approved by the Environmental Protection Agency in USA in 1995 [12].
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Another example of GM culture is the production of “Golden Rice”, with a genetic modification
carrying genetic information for the synthesis of 20-fold more -carotene than other varieties. Golden
Rice is produced by inserting two genes into the rice genome: one from daffodil, responsible for
synthesis of the enzyme phytoene synthase, and the second from the bacterium Erwinia uredovora,
which produces the enzyme phytoene desaturase [13]. These two enzymes participate in the biosynthesis
of B-carotene, which accumulates in the edible rice grains, and which in the human liver is converted
into vitamin A.

Another variety of GM rice, used to fight the iron deficit in humans comprising almost 30% of the
world’s population, has also been produced. The genome of this GM variety of rice contains ferritin
gene from Phaseolus vulgaris, responsible for the synthesis of protein capable of binding iron, thus
increasing the iron content up to twofold. To increase iron bioavailability, a gene is inserted into the rice
from Aspergillus fumigatus; the gene is responsible for the synthesis of the enzyme phytase that breaks
down phytate, an iron inhibitor [14].

1.4. Feeding animals with GM crops — are there implications for animal’s health and animal derived
products?

As previously pointed out, in the past decade, food demand has rapidly grown, primarily because of
climate change and environmental degradation that are reducing the amount of fruitful agricultural land.
At the same time, the increase of world’s population creates serious challenges in food production, so
making food safety a main issue. Taking into account this fact, as well as the fallout of COVID-19, and
the UN Report from 2021 that clearly indicates that the number of people suffering from malnutrition is
close to 811 million [15], serious measures should be undertaken. In response to supplying the growing
world’s population with high quality protein, the global livestock population has grown, followed by an
increased demand for feed crops. Producing feed crops able to persist in spite of a severe climate,
especially in rural and dry areas with limited water resources, is laborious [16]. The use of modern
biotechnology, including genetic modification techniques, has been proposed as a way to increase
productivity and improve food/feed quality and at the same time, reduce the environmental footprint
[17].

More than 70-90% of harvested GM crops are used in food-producing animal nutrition [18]. The
question that arises is whether using GM feed crops can wield potential adverse effects on animals and
consequently on humans. Therefore, it is crucial to review the safety of products such as milk, meat and
eggs derived from animals fed GM crops, and this step should be a mandatory part of the regulatory
process.

Independent studies have been undertaken to show if feeding GM crops affects the health and safety
of animals. Some of the studies evaluated the health effects of feeding GM crops to ruminants, pigs and
poultry, by observing parameters related to immune response, body condition score, organ weight,
haematology, serum biochemistry, histopathology or gastrointestinal microbiota [19, 20]. Results have
shown that despite the observed significant differences in some of the parameters, most of the effects
measured were not of biological significance and were within normal biological ranges [19]. Studies
where lactating dairy cows, pigs, poultry, lambs and rats were fed non-GM feed or GM-feed show the
presence of fragments of GM DNA only in some parts of the gastrointestinal tract, while GM DNA was
not detected in blood or any visceral tissue [21, 22, 23, 24, 25].

Research studies focused on analysing the safety of animal-derived products for the presence of GM
DNA/genes have not proven their presence [26, 27]. Agodi et al., 2006, reported presence of GM DNA
from maize and soybean in 25% and 11.7% of analysed samples respectively, during screening of milk
samples from 12 different brands from the Italian market [28]. Within a normal diet, humans daily
consume between 0.1 and 1 g of DNA originating from animal and plants [29]. Most of the digestion
takes place in the small intestine, where nuclease and protease enzymes break down DNA nucleotides
(nucleoproteins) into smaller parts. About 90% of nucleotides are absorbed by the cells of the intestinal
epithelia, out of which 5% are retained for DNA or RNA synthesis, and 20-25% remains in the epithelial
cells [30]. Therefore, since the GM DNA remains in the gut, concerns are expressed about the possibility
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of horizontal gene transfer to the bacteria of the normal intestinal microbiota [21]. Despite the ability
for horizontal gene transfer among certain bacterial species, in vivo experimental studies have not
detected horizontal transfer of GM DNA/genes so far [21, 22].

2. What is the opinion about GMOs in scientific circles?

In the decades since the first use of GM foods, negative health consequences for consumers have not
been registered. This does not mean they do not exist, but that they have not yet been definitively
identified.

The European Union has invested more than €300 million in GMO biosafety research. The latest
report from 2017 states: “The main conclusion that can be drawn from more than 130 research projects,
conducted over a period of 25 years, involving more than 500 independent research groups, is that
botany, especially GMOs themselves, do not pose a risk compared to plants obtained with conventional
cultivation technologies”. A report by the American Medical Association, the National Academy of
Sciences and the World Health Organization, based on research by independent groups around the
world, also found that 90% of the scientific community believed that GMOs were safe to use. However,
only a little over a third of consumers share this opinion. Fears about the side effects of GMO use still
persist among consumers, as does the fear that inserting one or more genes could have a negative effect
on other genes that are naturally present.

3. What are the fears that consumers face from the use of GM foods?

Most often, consumers fear GM foods that have inserted genes that improve nutritional value, primarily
because they could increase the risk of allergic reactions, antibiotic resistance, toxic effects on various
organs, mutations, or affect pregnancy, offspring and potential gene transfer to the consumer.

Concerning the fact, that in the past decades food allergy has become significant threat to humans,
the relation with consuming GMOs, has raised many scientific questions. The transfer of genetic
material from one organism to other results in the creation of a new protein, which could be a potential
allergen, in the GM organism. Therefore, with the use of genetic engineering, the percentage of allergens
naturally present in food increase. This was the case with a GM soy produced in the mid-1990s. Its
genetic material was altered by the insertion of a gene from the Brazilian walnut coding information for
synthesis of high quality protein with a favourable ratio of amino acids. The new protein in soy caused
allergic reactions in people who were allergic to Brazilian nuts and consumed soy, which was proven
by immunoassays. Fortunately, this GM soy was never approved or placed on the market. The review
paper of Dunn et al. (2017) summarizes data from 83 studies of GM crops: corn, wheat, rice, soy, milk,
peanut and others, addressing the question “Are GM products more allergenic than their conventional
counterparts?” In this review, the authors thoroughly analysed studies that involved ingestion of GM
food and feed by humans and animals. No animal or human study showed that consuming GM food or
feed is more allergenic than its conventional counterpart [31].

In creating GMOs, antibiotic resistance genes are used as markers. This poses a concern of possible
horizontal gene transfer between these genes and human and animal gut microbiota, as well as with
environmental microorganisms. Scientists from China demonstrated the presence of a plasmid coding
for B-lactamases in six Chinese rivers [32]. This very same plasmid is used for GMO production. To
avoid even the very rare possibility of horizontal gene transfer, only genes coding for antibiotics that are
not used in human and veterinary practice should be used in creating GM seeds and plants [33].

4. GMO regulation

There are differences between countries regarding GMO regulation, which are the result of different
socio-economic and political factors. Constraints regarding GMO regulation are assessed through
several indices, such as: approval process, risk management, labelling, traceability, coexistence and
participation in international agreements. Thus, the European Union and Japan are in favour of more
stringent measures in terms of GMO regulation, unlike the United States, where in some of the states
currently it is not mandatory to label GMOs present in products, while other states have mandatory
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labelling only if GMOs are present in quantities over 5%. However, starting from January 2022, the
United States will begin to implement mandatory GMO labelling in consumer products. In the European
Union, Japan and New Zealand, it is mandatory to label the presence of GMOs in food, if the authorized
GMOs are present at levels above 0.9% for. Non-authorized GMOs must not be present at all.

Even though GMOs cause great controversy worldwide, especially in Europe, still in the European
Union, 107 GMOs in food have been approved for use so far. After a call by the European Commission,
19 of 27 states of the European Union voted to either fully or partially ban GMOs. Spain and Portugal
still allow GM corn MON 810 to be grown.

5. Detection and testing of GMOs

GM poses a huge challenge for analysts in developing methods that are precise and sensitive enough,
can provide accurate data on whether or not the food or feed contains genetic modifications, and which
will help consumers in their choice of products. Testing for the presence of GMOs in food is more than
just screening for a few genes. The increase in GM crops, global trade routes and complex approval
conditions in different countries require optimization of protocols for analysis and development of
national strategies for their testing.

5.1 The strategy for classical GMO analysis

5.1.1. GMO screening — faster and more efficient detection of most GMOs

GMO analysis strategies generally begin with qualitative screening, which provides a reliable
determination of whether or not there is a genetic modification in the food tested. Especially for food
business operators who want to sell their GMO-labelled products, screening methods are essential.

5.1.2. GMO identification — providing product sales
In many countries around the world there is 0% tolerance or a tolerance threshold for unapproved
GMOs. If the GMO is not approved in one country but is already approved and planted in another
country, this asynchronous approval status can lead to problems in the sale of products that contain even
traces of this GMO that is not approved in the importing country.

With the help of specific detection methods, unapproved GMOs can be identified and later excluded
from market sale. Therefore, specific qualitative methods are an important aspect of confirming the
status of raw materials and processed products derived from unapproved GMOs.

5.1.3. GMO quantification —is labelling required?

In addition to the approval of GMOs, the labelling of GMO content above a certain threshold is
differently regulated by country. For example, in the European Union, unexpected or technically
unavoidable pollution with approved GMOs of up to 0.9% is exempt from labelling. GMO quantities in
food and feed above the threshold of 0.9% must be labelled according to EU Regulation no. 1830/2003
[34]. With the help of quantitative detection of GMOs, it can be determined whether the content of
GMOs in the product is above or below the legal threshold. In animal feed, unauthorized GMOs are
tolerated up to a threshold of 0.1% as long as they meet the requirements set out in EU Regulation no.
619/2011 [35]. For questions such as these, quantitative analysis is the method of choice for verifying
sales and labelling requirements.

6. Conclusions

Although technologies for the production of genetically modified food are very promising in some areas
that are challenges for the 21st century, still like all new technologies, they bear certain risks, known
and unknown. The controversy and public concern over GM food and feed are primarily focused on
human and animal health, as well as on environmental safety, labelling and consumer choice, intellectual
property rights, ethics, food safety, poverty reduction and environmental conservation. What effects will
GM food/feed have on the environment? What are the dangers to human health? Are we challenging
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“Mother Nature” with these innovative technologies? These are the questions that we will leave to
evolution itself to answer.
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Possibility of partial replacement of sodium chloride with
potassium chloride and ammonium chloride in chicken
Cevapcici (kebabs)
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Milijasevic!
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Abstract. The goal of this study was to investigate the influence of reducing sodium chloride
content in chicken ¢evapcici (kebabs) by partial replacement of sodium chloride with potassium
chloride and ammonium chloride, with the target of achieving the optimal salty taste. The trial
consisted of five groups. In the control group of chicken céevapcici, only sodium chloride was
added. In group 1, one third of sodium chloride was replaced with potassium chloride; in group
2 one half of the sodium chloride was replaced with potassium chloride; in group 3, one third of
sodium chloride was replaced with ammonium chloride. In group 4, sodium chloride was half
reduced and one quarter of ammonium chloride in the relation to control group was added.
Sensory evaluation was performed by ten trained assessors using numeric scales. Evaluations of
colour acceptability and consistency showed there were no statistical differences (P>0.05)
between the cevapcici. The most expressed saltiness was evaluated in the control éevapcici group
due to it having the largest amount of added sodium chloride, as well in group 3 cevapcici,
wherein one third of the sodium chloride was replaced with ammonium chloride.

1. Introduction
Sodium chloride is the first of the known food preservatives ever to be used, particularly where meat is
concerned, and has remained in use to this day. The main source of sodium in food products is derived
from sodium chloride i.e., table salt, and its consumption and intake significantly exceeds nutritional
recommendations. This is particularly the case in modern, highly industrialised human societies. Salt is
the prototypical stimulus for salty taste [1] and it improves the sensory properties of food by increasing
saltiness, decreasing bitterness and increasing sweetness and other congruent flavour effects [2].
Overconsumption of sodium through food is the main cause of essential human hypertension [3], as
well as cardiovascular disorders. In 2012, the World Health Organisation (WHQO) adopted new
guidelines concerning the intake of salt and potassium, which recommends a daily intake of less than
2,000 mg of sodium or 5 grams of salt and less than 3,510 mg of potassium for adults [4]. The American
Heart Association recommends no more than 2,300 mg of sodium per day and moving toward no more
than 1,500 mg per day for most adults [5].

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY 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 1
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One of the most common foods with high amounts of sodium are meat products. Of the total daily
amount of table salt ingested into the body through usual amounts of food, approximately 20% originates
from meat products [6].

Minced meat products are extremely popular among all cultures, due to their specific aroma and
taste, especially when these types of meats are prepared on a grill. In recent times, people are
increasingly using minced meat made from poultry, the first choice being chicken meat. In addition to
containing proteins with high biological value, fats and essential amino acids, vitamins and minerals,
poultry meat is also rich in vitamin B complex, specifically thiamine, riboflavin, niacin and pantothenic
acid [7]. One of the methods used to reduce the salt content of meat products is through the partial
substitution of sodium chloride with other chloride salts (KCI, CaCl and MgCl,) [8, 9]. Potassium
chloride is the most common substitute for sodium chloride; however, complete substitution of sodium
chloride is not an option, as even with 50% substitution, many studies indicate that this results in an
increase in bitter taste and a decrease in salinity.

The goal of this paper was to investigate the possibility of reducing the sodium content in meat
preparations i.e., chicken cevapcici (kebabs), by partially substituting sodium chloride with potassium
chloride and ammonium chloride.

2. Materials and Methods

The experiment consisted of five sample groups of chicken éevapciéi (kebabs) produced with different
salt mixtures. The composition of chicken éevapcicéi is presented in Table 1. Chicken éevapciéi were
prepared from chilled chicken minced meat category | (breast 70%, drumstick and thigh without skin
30%).

In the control group (C) only sodium chloride was added in an amount of 8.5 g which is common for
this type of product. In group 1, one third of sodium chloride was replaced with potassium chloride,
while in group 2 one half of the sodium chloride was replaced with potassium chloride. In group 3, one
third of sodium chloride was replaced with ammonium chloride. In group 4, sodium chloride was half
reduced and one quarter of ammonium chloride in the relation to control group was added.

Table 1. Composition of chicken ¢evapcici (Q)

Sample groups Chicken Sodium Potassium Ammonium
minced meat Chloride chloride chloride
C 4915 8.5 -
1 491.5 5.66 2.84 -
2 491.5 4.25 4.25 -
3 4915 5.66 2.84
4 493.6 4.25 2.13

2.1. Sensory evaluation

Sensory evaluation was performed by ten trained assessors [10] using numeric scales. Colour
acceptability, consistency, saltiness acceptability and taste acceptability were evaluated with a 1-5-point
scale, where 1 was at least acceptable and 5 was the most acceptable attribute. Saltiness intensity was
evaluated with a 1-5-point scale, whereby 5 was the most expressed attribute and 1 was the least
expressed attribute. Preparation and presentation of the samples to the assessors (number, coding and
randomization) as well as the fitting out of the serving area (isolation of panellists, lighting conditions)
were performed according to [11]. The final ranking was done according to the sum of all sensory
evaluation results, where the best scored chicken ¢evapcici was ranked first and the worst ranked in fifth
place.
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2.2. Statistical evaluation

The obtained results were statistically evaluated using Microsoft Excel 2010 and are presented as mean
* SD. Statistical differences between means of the examined parameters were determined at the levels
0.05 and 0.01 by Student’s t-test.

3. Results and discussion

The results of the sensory evaluation of chicken cevapcici are presented in Table 2. Samples of chicken
¢evapcici from all experimental groups were evaluated as having high colour acceptability and
consistency and between means, there were no statistically significant differences (p > 0.05).

The mean saltiness acceptability of control éevapcici (4.40 £ 0.54) was significantly higher (p < 0.05)
than that of group 3 éevapciéi (3.25 + 1.03), which had the lowest saltiness acceptability. Group 3
¢evapcici had the most expressed saltiness (4.35 £ 0.78). Group 4 éevapcici were significantly less salty
(p < 0.05), as were group 2 cevapcici (p < 0.01), than those from group 3. The results obtained were in
accordance with results published by Lili¢ et al. [12] for meat balls. They found significant differences
in saltiness intensity between control and groups 2 and 4 for burgers (p < 0.05), but the saltiness of
¢evapcici did not accord to saltiness differences of meatballs from groups 2 and 3 (p < 0.01).

Due to the éevapciéi from the control group being produced only with added sodium chloride, the
bitter taste was the least expressed in this product. However, in ¢evapcié¢i where sodium chloride was
replaced with larger amounts of potassium chloride i.e. ammonium chloride (group 2: 3.20 + 1.14 and
group 4: 3.15 + 1.36), bitter taste was intensified compared to the control ¢evapcici, evaluated as 1.75 +
1.12 (p < 0.05). In group 2 ¢evapciéi, half of the sodium chloride was replaced with potassium chloride,
resulting in increasing bitter taste intensity, leading to lower overall acceptability of the product. The
presented results are in accordance with the results obtained by De Almeida et al. [13] and Inguglia et
al. [14], who concluded that the partial substitution of sodium chloride with potassium chloride had a
negative impact on product taste, because of bitter taste. Despite that, Lili¢ et al. [12] found no
statistically significant differences between samples of meatballs from the control and experimental
groups produced with the same salt mixtures as samples in this trial.

The highest taste acceptability was achieved by éevapciéi from the control group (4.45 + 0.57). The
taste acceptability of group 2 cevapcici (3.45 + 0.52), in which sodium chloride was partially substituted
with potassium chloride, and taste acceptability of group 4 éevapciéi (3.25 = 1.31), in which half the
amount of sodium chloride was added, and to which ammonium chloride in the amount of a quarter of
the amount of salt added to the control group was added, was statistically significantly lower than the
taste acceptability of the control éevapcicéi (p < 0.05). Group 3 éevapcici, in which a third of the sodium
chloride was substituted with ammonium chloride, were awarded the lowest taste acceptability (3.15 =
0.87), which was a statistically significant difference compared to the control group (P < 0.01). The
results obtained were in accordance with results of Raseta et al. [15], who reported very similar numeric
evaluation for taste acceptability and statistical significances.

Overall acceptability of éevapciéi from the control group (4.45 £ 0.52) was statistically higher (p <
0.01) compared to the overall acceptability of ¢evapcic¢i from groups 2 and 4 (3.10 + 1.07 and 3.05
1.29, respectively), and statistically significantly higher (p < 0.05) compared to the overall acceptability
of group 3 éevapcici (3.25 £ 0.78). There were no statistically significant differences (p > 0.05) between
the overall acceptability of control and group 1 ¢evapcici (3.85 £ 0.78).

Despite the significance of the differences in terms of certain sensory attributes, the samples of
chicken céevapciéi taken from all experimental groups were sensorially acceptable in terms of saltiness,
taste, colour, consistency and salt and bitter taste intensity.

Based on the results of this study, it can be concluded that chicken éevapciéi with reduced sodium
chloride and/or potassium chloride content could be prepared by the partial substitution of sodium
chloride with potassium chloride and ammonium chloride.
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Table 2. Sensory evaluation of chicken éevapciéi, Mean + SD, n = 10

Colour . Saltiness Saltiness Taste Bitter Overall
- Consistency o - : . taste o
acceptability acceptability intensity acceptability intensity acceptability

C 4.65x0.55 4.45+0.65 4.40+0.542 4.05+0.82? 445057  1.75%1.12% 4.45+0.52%*
1  4.40+0.80 4.20+0.75 4.20+0.90 3.65+0.74 4.00+1.00 2.65+1.10 3.85+0.78
4.50+0.63 3.80+0.68 3.65+1.18 3.00£0.81°*  3.45+0.52° 3.20+1.14° 3.10+1.07Y
4.55+0.57 3.80+0.71 3.25+1.03°  4.35+0.78*Y  3.15+0.87Y 2.80+1.10 3.25+0.78°

A wN

4.65+0.63 4.00+0.89 3.50+1.10 3.15+1.16° 3.25+1.31°  3.15+1.36°  3.05+1.29”

@b)Values (mean+SD) in columns with different superscript letters are significantly different (P<0.05)
Y Values (mean+SD) in columns with different superscript letters are significantly different (P<0.01)

4. Conclusion

Despite the significance of the differences in terms of certain sensory attributes, the experimental
chicken ¢éevapcici taken from all groups were sensorially acceptable in terms of saltiness, taste, colour,
consistency and salt and bitter taste intensity. Partial replacement of sodium chloride with other chloride
salts, potassium chloride and ammonium chloride, in the different ratios did not influence colour
acceptability or consistency. However, use of these salts had direct impacts on the salt intensity,
bitterness and overall impression. The éevapcici with salt replacements had less intensity of saltiness,
except cevapcici with a large amount of added ammonium chloride, in which the saltiness was the most
expressed and that were more bitter than control éevapcicéi, which resulted in low sensory evaluation
scores for taste and overall acceptability.
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Abstract. This review covers the current situation of the use of Spirulina in poultry diets and
discusses its benefits and challenges with particular emphasis on the effect of Spirulina
supplementation on production performances and meat quality. Feed enriched with Spirulina
influences broilers’ health by improving their immune response and gut function and increasing
PUFA and pigment content in the meat. However, despite numerous studies, the effect of
Spirulina on broiler performance remains unclear.

1. Introduction

Poultry meat is among the most common animal-origin foods consumed worldwide due to its nutritional
composition. Poultry production is one of the fastest-growing agricultural subsectors, especially in
developing areas, effectively contributing to food security [1]. Increased competition for land with other
agricultural sectors, climate change, and the constant need to increase productivity and improve meat
quality has resulted in demand for novel feed resources. Moreover, in recent years, there has been an
increased interest in the production of innovative functional foods using eco-friendly sources [2]. One
of the promising sustainable ways to meet the aforementioned criteria is the use of Spirulina
(Arthrospira spp.), which is a filamentous, spiral-shaped, blue-green microalga [3]. Spirulina is suitable
for use as a feed supplement and feed ingredient for poultry due to its high protein content (up to 65%),
rich in all essential amino acids [4]. In addition, Spirulina contains high amounts of physiologically
active substances, including carotenoids, phycocyanin, polyunsaturated fatty acid (PUFA), vitamins,
macro, and micro-minerals. These substances exhibit antimicrobial, antioxidant, and anti-inflammatory
properties [5,6,7]. Considering recent trends, toward sustainable production, this review aims to discuss
the benefits and challenges of using Spirulina as a feed ingredient in poultry feeds and its consequent
effect on meat quality.

2. Materials and Methods
A review was performed by analysing scientific research and review papers from the scholarly databases
and technical reports published in the domain of microalgae use in poultry diets.
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3. Discussion

3.1. The effect of Spirulina supplementation on production traits
Results regarding production parameters in broilers fed Spirulina differ between studies. Some authors
[8,6,9] reported that even low (10g/kg diet) levels of inclusion of Spirulina platensis significantly
increases body weight gain (BWG), while decreasing feed conversion ratio (FCR). Moreover, Mariey
et al. [10] found that broilers supplemented with 0.2 and 0.3g Spirulina/kg diet improved FCR by 10
and 12%, respectively, compared with the control group. They also reported increased dressing
percentage and decreased relative abdominal fat weight. An increase in feed intake (FI), BWG, and
better FCR were observed with 2 g of Spirulina/kg feed supplementation by Khan ef a/l. [9]. Similar
results were reported by Alwaleed et al. [11], with the inclusion of 10 g Spirulina/kg feed. These results
are attributed to previously reported healthy effects of Spirulina, in terms of increased immune response
and beneficial influence on gut histology and microbiota. Various studies showed that Spirulina
enhances the immune response [7]. The proposed hypothesis is that Spirulina increases macrophage
functionality and, overall, the mononuclear phagocyte system [12]. Seyidoglu et al. [13] suggested that
B-glucan and phycocyanin from Spirulina influence the development and maturation of leukocytes.
Lokapirnasari et al. [14] and Jamil et al. [15] found a higher number of leucocytes in broilers
supplemented with Spirulina, compared to control broilers, while Fathi et al. [16] reported that the
addition of S. platensis resulted in a higher weight of immune-system related organs. Park et al. [6]
reported the antioxidative activity of Spirulina. They found that low levels (2.5-10g/kg diet) of Spirulina
supplementation led to an increase in the serum superoxide dismutase and glutathione peroxidase
activity. Furthermore, many authors reported that the inclusion of Spirulina in diets influences gut health
by reducing the number of Escherichia coli and increasing the counts of beneficial lactic acid bacteria
(LAB) in ileum and caecum of broilers [6,16]. The fibrous cell wall materials and chlorophylls in the
microalgae could provide substrates for the growth of LAB, and so act as prebiotics. Shanmugapriya et
al. [8] reported that dietary Spirulina inclusion of 10g/kg diet (1%) resulted in a significant increase in
the villi height in broilers intestines. Thus, a lower number of pathogenic bacteria and increased villi
area is attributed to better nutrient absorption and, consequently higher performances. Contrarily, other
studies reported that the addition of this microalgae to broiler diets [2,17] had no effect or had an adverse
effect on growth performances. El-Bahr et al. [18] found that the inclusion of 1g S. platensis/kg diet did
not influence FI, FCR or body weight. Altmann et al. [17] reported no significant effect on live weight
or carcass weight when 50% of the soy protein was replaced by Arthrospira platensis in broiler diets. In
addition, Pestana et al. [19] found lower improvement to BWG and higher FCR in birds fed 150g S.
platensis/kg feed (15%), individually or in combination with exogenous enzymes, during the finishing
period (from 21 to 35 day), while no effect was observed on FI. A possible explanation can be that
incorporation of higher amounts of Spirulina into the diet results in protein gelation, increasing digesta
viscosity, and lowering amino acid digestibility [20].

These contradictory data between studies could result from several factors: levels of Arthrospira
used for different broiler hybrids, broiler age, housing conditions, feed preparation, or the way the
supplement/feed is administration.

3.2. The effect of Spirulina supplementation on meat quality and meat sensory attributes

The supplementation of different microalgae, including Spirulina, in broiler diets, alters meat quality
with regard to consumer expectations of a healthy diet. In different studies, the colour of meat was
affected by the addition of Spirulina in broiler feeds. Toyomizu et al. [21] reported that Spirulina
incorporation in the broiler diet resulted in redder and more yellow meat due to higher pigment content,
in particular, due to the accumulation of zeaxanthin. Furthermore, the replacement of 50% of the soy
protein in broiler diets with Spirulina influenced both the yellowness and redness of broiler meat [17].
In agreement with such findings, Pestana et al. [19] reported that addition of 15% Spirulina with or
without enzymes increased the b* value of breast muscle up to three times, and both a* and b* values
in thigh muscle. Also, these authors found a significant increase in the total amount of carotenoids. Thus,
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Spirulina supplementation is a good strategy, not only to manipulate broiler meat colour but also to
enrich meat in antioxidants.

From the available literature, it seems that the addition of Spirulina does not significantly influence
the pH of the meat [6,19]. In addition, previous studies did not show that Spirulina dietary treatments
affect shear force. El-Bahr et al. [18] reported that even low Spirulina levels (1g/kg) in broiler diets
significantly decreased drip loss. Similar results were obtained by Athman et al. [17], who found a
significant increase in cooking loss and storage loss after seven days when Spirulina replaced 50% of
the soy protein in broiler diets. Park ef al. [6] found that the addition of Spirulina (0.25-1%) in broilers
diets resulted in a significant reduction of drip loss after seven days of storage. These results are related
to the delayed oxidation of the cell membrane caused by antioxidative compounds from Spirulina. Other
studies did not report relevant differences in drip loss and cooking loss between the supplemented and
control diets [22]. Moreover, S. platensis supplementation increased essential amino acid levels (lysine,
methionine, tryptophan, histidine, and aspartic acid) in breast muscle. Also, Spirulina inclusion led to
significantly lower microbial growth on breast meat, resulting in a longer shelf life of this meat [18].

As far as sensory attributes, Altmann et al. [17] reported that meat from Spirulina-fed broilers, after
seven days of MAP storage, was less metallic in flavour and more tender than the control. Another study
showed that breasts from Spirulina-fed birds scored higher in terms of umami and chicken flavour [22].

Regarding fatty acids, numerous studies confirmed that the addition of Spirulina in feeds increases
omega-3 PUFA in meat, especially eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)
content, and beneficially affects the n6/n3 ratio. El-Bahr ef al. [18] found that even low Spirulina
supplementation led to a significant increase in the levels of EPA, DHA, n-3 FA, total PUFA, and
arachidonic acid in breast meat. Moreover, Bonos et al. [2] reported a significant enrichment of
polyunsaturated fatty acids in thigh muscle, especially in EPA and DHA, when adding Spirulina into
broiler diets. The ultimate nutritional goal is to reach an n6/n3 ratio of 4:1 and a PUFA/SFA ratio above
0.4. Thus, the addition of Spirulina in broiler diets could turn meat into a healthier product for consumers
from the fatty acid perspective. Furthermore, and although some studies reported an increase in omega-
3 fatty acids, the malondialdehyde levels remained the same or lower [18,2] than in the controls. How
the method for including Spirulina in feed affects muscle lipid oxidation is not completely clear and
there is lack of information on antioxidant properties related to Spirulina in poultry. Some authors
suggest that the phycocyanin is the main component responsible for Spirulina’s antioxidant activity, but
also highlight the role of carotenoids in cells protection from oxidative stress [23,6]. Contrarily, Altmann
et al. [22] found increased lipid oxidation levels of meat from broilers fed Spirulina when stored under
high oxygen MAP (80% O>). This higher susceptibility to oxygen should be considered when packing
meat from broilers fed Spirulina.

3.3. Spirulina as a sustainable feed ingredient

Spirulina is crop that does not use arable land, involves simple growth requirements and, it is produced
through economical and environmentally friendly processes. Its production uses less energy and water
per kilogram than proteins from plant sources [24]. Therefore, Spirulina is a sustainable feed alternative
with reduced environmental impact. Taking into consideration the rapid and progressive increase of the
global population and growing demand for food, Spirulina use, along with other microalgae, in animal
feeds could relieve the pressure on agricultural yield for domestic animal feeding [4] and help to preserve
the agricultural land for food production for humans. Moreover, Park et al. [6] suggested that dietary
inclusion of 1% Spirulina powder in broiler diet might reduce ammonia emissions in the excreta.

3.4. Challenges of introducing Spirulina to poultry diets

From a commercial point of view, the application of Spirulina is limited by the high costs of the large-
scale production compared to other feeds [3]. To overcome this barrier, developments in low-cost
production and drying units and an improvement in operational management are needed [25].
Furthermore, the cost of broiler feed increases with the addition of vitamin-mineral premixes.
Venkataraman et al. [26] reported that vitamin-mineral premixes can be excluded from broiler diet when
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Spirulina is included due to its nutritional composition. Pandav and Puranik [27] confirmed this in a
study with S. platensis enriched with iron and zinc. Thus, despite the higher price of Spirulina
production, by reducing premix costs, this microalgae can be used in broiler nutrition in a cost-effective
manner. Other deterrents to the practical use of Spirulina are poor palatability, production costs for the
dried powder form and odours [5].

4. Conclusion

Based on the current scientific data, blue-green microalgae, Spirulina, are promising candidates to
replace traditional, high protein feed crops, such as soybean meal, the major protein source for broiler
feed. Further research should be focused on a deeper understanding of the mechanisms of Spirulina
actions, delivery methods, and optimization of the added concentrations in order to achieve maximum
beneficial effects for poultry health, productivity, meat product nutritional and organoleptic quality and
the environment.
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Abstract. The aim of this study was to examine the influence of the use of CLA (2%), from days
1, 11 or 22 of fattening, on selected production results (broiler weight after each fattening phase
including at the end of fattening, viability, average daily gain and feed conversion) on the
efficiency of fattening during the whole fattening period (42 days). The obtained production
results were used to calculate the European production efficiency factor (EPEF) and the
European broiler index (EBI) values for each fattening phase as well as for the whole fattening.
The results obtained indicate that, in the later stages of fattening, the use of CLA during the
whole fattening period is economically more justified than the non-CLA diets used for control
broilers. With the use of CLA throughout the whole fattening, the EPEF and EBI values are
consistent with these values calculated for the Cobb 500 standard. In addition to economic
justification, the use of CLA also has human nutritional significance, since the broiler meat is
enriched with CLA and has a more favourable n-6/n-3 fatty acid ratio.

1. Introduction
World poultry meat production, after decades of the primacy of pork production, equalized three years
ago with pork production, and in 2020, it will be higher than the pork production. In total world meat
production for the five-year average (2016-2020) of 323.25 million tons (mt), the amount of poultry
meat was 122.82 (37.99%) mt. In Serbia, the total meat production for the five years (2015-2019) was
501.6 thousand tons, of which 97.8 thousand tons (19.59%) was poultry meat production [1, 2, 3]. In
the last sixty years, poultry meat production has intensified in both developed and developing countries.
In underdeveloped countries, poultry breeding has an extensive character, but it has great importance
because it provides the poorest part of the population with meat and eggs as high-value foods, employs
mostly female labour and enables the human population viability in unfavourable climatic conditions
with underdeveloped agricultural production, e.g. with a small amount of water. In such circumstances,
it is not possible to raise other types of domestic animals, except perhaps sheep and goats.

There has been progress in intensive poultry breeding, thanks primarily to genetic selection,
reduction in fattening duration, and good feed conversion (below 1.77 kg of feed per kg of meat). Among
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
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meat species, poultry meat production is the most economically viable. In addition, poultry meat is a
highly valuable food, especially breast meat (low in fat, high in protein). It has no religious restrictions,
is easy to prepare, all parts of the carcass are usable, and it is the most common type of meat on the
market.

One of the advantages of poultry meat is the ability to increase its nutritional value by choosing
nutrients and supplements for live birds. This means that poultry meat can also be a functional food (it
was first mentioned a little over 40 years ago in Japan and means food that, in addition to its usual
ingredients, also contains ingredients that support certain human body functions). To date, there are
several definitions of functional food, and from all definitions, we can conclude that functional food has
additional nutritional value and serves to preserve human health via human nutrition. When we talk
about poultry meat as a functional food, we primarily mean the possibility of increasing the content of
n-3 fatty acids in meat (eggs), a more favourable n-6/n-3 fatty acid ratio, and enriching poultry meat and
eggs with conjugated linoleic acid (CLA) [4, 5]. The fatty acid composition of poultry meat (eggs) is
directly dependent on the fatty acid composition of broiler/laying hen diets. Thus, increasing n-3 fatty
acids in poultry feed (with preparations of flax, green algae) improves the n-6/n-3 fatty acid ratio. Non-
ruminant animals do not have the ability to synthesize CLA, so its occurrence in meat (eggs) is
conditioned by its addition to animal diets. There are data that CLA can be found in meat (eggs) and
poultry in whose diet CLA has not been added. However, these are insignificant amounts that are
sometimes even below the detection threshold [6].

Of the numerous CLA isomers in poultry nutrition, two isomers are used: cis-9,¢trans-11 and trans-
10,cis-12, which are in approximately the same ratio in commercial preparations. The isomer cis-
9,trans-11 is most often stated to have an anti-carcinogenic effect in the human diet (cancer of the skin,
breast, intestines, and liver), to reduce the occurrence or alleviate symptoms of diabetes, mitigate bone
density loss and atherosclerosis, and to have a positive effect on reduction of chronic cardiovascular
diseases [7, 8]. Isomer trans-10,cis-12 is considered to contribute to the reduction of obesity and to be
of primary importance [7, 8]. In addition to meeting market needs, meat production (primary production)
is especially interested in the economic viability of broiler fattening. In recent years, the economic
viability of broiler fattening is most often expressed through the European production efficiency factor
(EPEF) and the European broiler index (EBI).

The aim of this study was to examine the effect of using CLA in broiler feed on the economic
efficiency of fattening.

2. Materials and Methods

The study was conducted on 240 one-day-old chickens of both sexes and the same origin (Cobb 500)
during a 42-day period. At the beginning of the study, broilers were randomly allocated to one of four
dietary treatments. Each experimental group contained 60 animals housed in groups of 10 birds per pen
in six repetitions (stocking density = 0.15 m?*head). Conditions in the facility (ventilation, heating,
lighting, and relative humidity) were according to the technological standards and recommendations for
this hybrid [9]. Pens were bedded with straw and provided with fresh water and feed ad libitum. At the
beginning of the study, the temperature of the room was 32°C, and then was gradually lowered to 22°C
that was maintained until the end of the study. During the trial, relative humidity was 60-70%. A
continuous period of six hours of darkness was provided during the night. From the start of the trial,
each group of broilers was fed with one of four experimental diets which comprised the same basal diet,
but differed only in the content of CLA. Basal diet was formulated according to the recommendations
for the Cobb 500 strain [10] (Table 1).

Table 1. Ingredients of diets

Component Starter K Starter O  Grower K Grower O  Finisher K Finisher O
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Maize

Wheat
Soybean semolina
Soybean meal
Soybean cake
Monocalcium
phosphate
Limestone
Salt

Premix
Lysine
Methionine
Adsorbent
CLA

50.85

15.00
12.40
17.00

1.20

1.60
0.35
1.00
0.20
0.20
0.20

48.85

15.00
12.40
17.00

1.20

1.60
0.35
1.00
0.20
0.20
0.20

44.15
10.00
17.00
1.00
23.30

1.00

1.60
0.35
1.00
0.20
0.20
0.20

42.15
10.00
17.00
1.00
23.30

1.00

1.60
0.35
1.00
0.20
0.20
0.20

44.95
15.00
20.00
1.00
14.70

0.90

1.60
0.35
1.00
0.10
0.20
0.20

42.95
15.00
20.00
1.00
14.70

0.90

1.60
0.35
1.00
0.10
0.20
0.20

Diets fed from days 1 to 42 were starter (days 1-10), grower (days 11-21) and finisher (days 22-42).
The proximate composition of all feed mixtures was analysed according to [11] (Table 2).

Table 2. Chemical composition of diets.

Proteins Moisture Fat Ash Cellulose

Mixture Diet =

X+ SD

Starter K 24.98+0.57  8.04+0.24 6.09+0.37 5.45+0.14 2.04+0.05
(0-10) (0] 24.97+£0.47  8.06+0.27 6.96+0.35 5.50£0.15 2.044+0.04
Grower K 22.17+0.21  9.38+0.09 7.03+0.26 4.88+0.13 2.16+0.04
(11-21) (o) 22.11+0.47  9.38+0.10 7.09+0.29 4.9240.12 2.16+0.05
Finisher K 20.91+0.87  9.98+0.07 5.44+0.11 4.76+0.21 2.384+0.26
(22-42) O 20.78+0.80  10.00+£0.06  5.46+0.06 4.72+0.22 2.57+0.24

The control (K) group was without addition of CLA in the feed mixture, the O-1 group received
starter feed with 2% CLA from the beginning, the O-1I group received feed with 2% CLA from day 11
of growing, and the O-I1I group received feed with 2% CLA from day 22 of finishing. The mixtures
were balanced and fully met the needs of the animals at all stages of fattening.

We examined the production results (average final weight gain BWG at each fattening period,
average daily gain ADG, feed conversion ratio FCR) and mortality (%), and then calculated the
economic efficiency of broiler production using the European production efficiency factor (EPEF) [12]
and the European broiler index (EBI) [13]. The following formulas were used to calculate these

indicators:

BWG (grams on period) = BW (g) at the end period- BW (g) in first d;
ADG (g/chick/d) = BWG/ days number of growth period;

FCR (kg feed/kg gain) = cumulative feed intake (kg)/total weight gain (kg);

Viability (%) = chicks remaining at the end of period (%);

European Production Efficiency Factor (EPEF):

EPEF =

viability (%)x BW (kg)

age (d) x FCR (kg feed/ kg gain) x

100
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European Broiler Index:

EBI = viability (%)x ADG (g/broiler/d)
"~ FCR (kg feed/ kg gain)x 10

Results were compared by statistical analysis using Microsoft Excel 2010 and GraphPad Prism
software, version 8.00 for Windows (GraphPad Software, San Diego, California USA,
www.graphpad.com). To determine the significance of the differences between the examined groups of
compared parameters, we used analysis of variance (ANOVA), followed by Tukey’s post hoc test.
Testing the significance of the difference between the arithmetic means of the compared parameters and
the standard value (prefixed according to the recommendations for this hybrid [9]) were conducted
according to Petz et al. [14]. Differences were considered significant if the observed value was p <0.05.

3. Results
Table 3 presents the production results and economic efficiency indicators of the Cobb 500 broiler

fattening. There were no statistically significant differences between the average broiler weights
(p>0.05) on days 10, 21 and 42. There were no statistically significant differences between the average
daily gain (from 31 to 32 g) on day 10. On day 21, the average daily gains were from 92.8 to 95.5 g and
also did not differ statistically significantly. As there were no differences in the average broiler weights
at the end of fattening, there were no statistically significant differences in the average daily gain on day
42. Compared to the standard values from the Cobb 500 Guide, the average broiler weights (Figure 1)
on days 10, 21, and 42 were not statistically significantly different for control and experimental groups.
Group O-I had a numerically higher average weight (2862 g) compared to the average standard Cobb
500 weight (2857 g). The statistical significance of the differences in feed conversion between our
control and experimental groups and the Cobb 500 standard is present in Figure 2. On day 10, feed
conversion values were from 1.46+0.12 (O-I) to 1.79+0.15 (O-III). Feed conversion values on day 21
were from 1.56+0.13 (O-I) to 0.169+0.14 (O-III). Feed conversion values of broilers that received CLA
in feed were statistically significantly higher than the standard Cobb 500 feed conversion value on day
10 (1.05 kg) and day 21 (1.26 kg). At the end of fattening, the average feed conversion values were from
1.69+0.14 (O-]) to 1.87+0.14 (O-III). There was no statistically significant difference between the
average feed conversion value of group O-I and the standard Cobb 500 feed conversion value or of the
group O-II feed conversion value and the standard Cobb 500 feed conversion value, and these values
were statistically significantly less than the feed conversions of the control (no CLA) and group O-III.

Table 3. Production results and parameters of economic efficiency of broiler fattening.

Fattening days Parameters K O-1 O-11 O-I11
BW (kg) 0.320 0.310 0.320 0.310

ADG (g) 27.69 26.30 27.69 27.69
1 to 10 FCR (kg feed/kg gain) 1.67 1.46 1.66 1.79
Viability (%) 100 100 100 100

EPEF 191.62 212.33 192.77 173.18

EBI 165.81 180.14 166.89 154.69

BW (kg) 0.947 0.928 0.955 0.952

ADG (g) 47.35 44.10 46.58 45.18
1to21 FCR (kg feed/kg gain) 1.66 1.56 1.66 1.69
Viability (%) 100 100 100 100

EPEF 285.24 297.44 291.16 281.66
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EBI 272.11 282.69 278.54 267.34
BW (kg) 2.762 2.862 2.672 2.717
ADG (g) 65.18 67.19 62.66 62.68
| to 42 FCR (kg feed/kg gain) 1.88 1.69 1.72 1.87
Viability (%) 100 100 100 100
EPEF 350.56 403.21 370.08 346.11
EBI 346.17 397.53 364.30 336.26
B
3000 Al A A
2500
o 2000 =K
Ep 1500 o
2 mO-ll
1000 o1l
00 ms
B
10 21 42

Days

Figure 1. Average broiler weights and standard Cobb 500 weights during fattening.
Different letters A and B indicate different average broiler weight, p<0.05
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Figure 2. Average feed conversion values (kg) and standard Cobb 500 feed conversion values.
Different letters A, B, C and D indicate different feed conversion values, p<0.05

Figure 3 presents the EPEF values of the studied broilers and the EPEF value calculated for the
standard Cobb 500. The EPEF value of group O-1 on day 10 was statistically significantly higher (p
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<0.05) than the EPEF values of K, O-I11, and O-I11 groups. For the same period, the standard Cobb 500
EPEF value was statistically significantly higher compared to the control and experimental groups. On
day 21, a statistically significantly higher EPEF value was calculated for the Cobb 500 standard in
relation to the EPEF value of the control and experimental groups of broilers. On the same day, there
were no statistically significant differences between the average EPEF values of the control and
experimental groups. At the end of the fattening, EPEF values of O-1 and the Cobb 500 standard did not
differ statistically, but they were both statistically significantly higher compared to the control, O-Il, and
O-111 groups.

450

B B
B A
400 A A
350
A RA

300
250
200
150
100
50

21 42

mK
m Ol

EPEF

mO-1

O-11

us

10

Days

Figure 3. EPEF values of broilers and standard Cobb 500 EPEF values.
Different letters A, B and C indicate different EPEF values, p<0.05

On days 10 and 21, the EBI of the Cobb 500 standard was statistically significantly higher than the
EBI values of the control and experimental groups (Figure 4). By the end of fattening, the EBI value of
group O-I and the EBI value of the Cobb 500 standard did not differ significantly, and they were
statistically significantly higher than the EBI values of groups K, O-I11, and O-III.

450
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B B
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B A o
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A
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50
10 21 42

Days

EBI

Figure 4. EBI values of broilers and standard Cobb 500 EBI values.
Different letters A and B indicate different EBI values, p<0.05

4. Discussion

The cost-effectiveness of broiler fattening is one of the particularly important factors that has contributed
to the increase in broiler meat production in the past few decades. It depends on the total value of
fattening and the cost of fattening. As the value of fattening increases and the cost of fattening decreases,
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the economy of fattening increases. In recent years, two indices have been used to calculate the cost-
effectiveness of fattening: EPEF and EBI. To calculate the EPEF, we used a formula that includes the
viability of broilers, their weight, and also the feed conversion for each fattening stage and for the whole
fattening. The EBI value is calculated from a formula that includes viability, average daily gain, and
feed conversion for each stage of fattening [12, 13, 16, 17]. Higher EPEF or EBI values indicate a better
fattening economy [12, 18]. The key factor in both these economic efficiency indices is the feed
conversion ratio, because feed accounts for about 70% of the costs in today’s large broiler fattening
systems. The other 30% of costs are fixed costs (depreciation, one-day-old chicks, energy costs, labour,
broiler health care) [15]. The feed conversion value in broilers has been reduced thanks primarily to
genetic selection, while diet was far less important for feed conversion reductions [18, 19].

Our results indicate that the feed conversion values (Figure 2) had the greatest impact on the EPEF and
EBI values. On days 10 and 21, broiler weight did not affect the EPEF values, and on day 42, it had an
impact but far less so than the feed conversion values. The standard Cobb 500 feed conversion values
were significantly lower on days 10 and 21 than feed conversion values for the control and experimental
groups of broilers, which resulted in higher values of EPEF and EBI. ADG (g) did not have a significant
effect on the EBI values, since the values of this parameter on day 10 were between 26.30 g and 27.069
g, on day 21 were between 44.10 g and 47.35 g, and on day 42 were between 62.66 and 67.19 g (Table
3). However, on day 42, the feed conversion values for groups O-I and O-11 were at the level of that of
the Cobb 500 standard, so an impact on the EPEF and EBI values was seen at the end of fattening. The
high viability of the broilers can be explained by optimal breeding conditions, primarily by the small
number of broilers in the groups and good initial performance of the one-day-old chicks (vitality,
uniform weights).

There are numerous data in the literature on the effect of adding CLA to the broiler diets on
production results in fattening, and they are often contradictory [20, 21, 22, 23]. However, the use of
CLA in non-ruminant diets should not be seen only in terms of production results (final weight, weight
gain, conversion) but also from the standpoint of the nutritional value of meat. In non-ruminants, the
use of CLA in the diet is important because it provides meat with added value, since the meat contains
CLA in an amount that depends on the amount of CLA added to the diet. The animal fattening duration
also plays a role. This added value is not only the CLA content but is also the improved n-6/n-3 fatty
acid ratio in the meat, as has been seen in pork with CLA addition. The importance of CLA and the n-
6/n-3 fatty acid ratio is well known in human nutrition. Meat with added value can be labelled as a
functional food, so it would understandably fetch a higher price, which should be reflected in the
economic profitability of fattening [24, 25, 26, 27]. Poultry meat enriched with CLA is of special
importance given the fact that the total production and consumption of poultry meat in the world have
increased to 39% of total meat production and to 15 kg per capita per year, respectively [1]. The use of
meat with high CLA content in human nutrition could gradually result in lower mortality from chronic
non-communicable diseases and contribute to a lower number of people suffering from these diseases.

5. Conclusion

The results in this paper support the use of CLA in broiler nutrition, since this is economically justified
given the good production results (broiler weight at the end of fattening, feed conversion, growth) and
the resultant broiler meat has added value and can be defined as a functional food. To calculate the
economic justification of fattening, the use of EPEF or EBI values are justified since these indices are
based on broilers’ production results. These indices can be applied in different conditions, such as
comparison of the cost-effectiveness of fattening different broiler hybrids, different feed compositions,
different lengths of fattening period, the influence of different climatic conditions on production results,
etc.
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Abstract. The aim of this study was to investigate using arugula or pre-converted extracts as
nitrite alternatives in heat-treated fermented sausages. Sausages with nitrite, 150 mg/kg of
NaNOy, 1.2% arugula extract, and 1.5% pre-converted arugula extract were formulated. Natural
nitrate sources added resulted in significantly lower oxidation content compared to negative
control groups at initial storage. The addition of natural nitrate sources influenced colour,
pigments, and conversion rate of sausages. Pre-converted arugula extract showed little effect on
the residual nitrite content. The result of colour, oxidation, and nitrite analysis suggest pre-
converted arugula is a potential nitrite replacer, but arugula as a nitrate source is limited to
provide the functions of nitrite.

1. Introduction
Curing is one of the meat preservation methods that uses as ingredients salt, nitrate, and nitrite [2].
Nitrate/nitrite are utilized to form cured meat pigment, enhance the flavour, and provide antimicrobial
and antioxidant effects in meat products. It is well known that nitrite is also responsible for producing
carcinogenic N-nitrosamines in certain meat products under some processing conditions [3]. This
concern has led researchers to seek natural nitrite alternatives. In recent years, much attention has been
paid to products formulated with natural additives [4,5]. An alternative curing method to avoid the direct
addition of synthetic nitrite is by utilizing those vegetables that have high nitrate content and starter
cultures that possess nitrate reductase activity to convert the nitrate to nitrite (pre-conversion).
Spinach, beets, radishes, celery, lettuce, and cabbage are vegetables with high nitrate content [6]. It is
stated that serious health concerns about nitrate and nitrite are mostly associated with high intake doses.
However, the use of nitrate and nitrite obtained from natural sources does not have harmful toxicological
effects on human health [6,7]. Arugula species (Eruca spp. and Diplotaksis spp.) are commercially
important salad crops grown around the world [8]. The European Food Safety Authority (EFSA) found
that the nitrate content in arugula ranged from 4800 to 6400 ppm in various regions and seasons in
Europe [8]. Despite the high nitrate content of arugula species, there is no study regarding the effects of
using arugula as a nitrite alternative in meat products. Therefore, the objective of this study was to
determine the effects of arugula extract or pre-converted arugula extract on some quality parameters,
lipid and protein oxidation of heat-treated fermented sausages.

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

Preparation of pre-converted nitrite sources from arugula extract (PAE)

Ten grams of dried arugula was ground into powder form, mixed with 100 mL of distilled water, then
0.025% of an active nitrate reductase culture containing Staphylococcus carnosus (S-B-61
BactofermTM, Chr. Hansen Inc., USA) was added, and the mixture was incubated with shaking at 30°C
for 24 h. The mixture was filtered using Whatman No. 1 filter paper and evaporated in a rotary
evaporator (Heidolph Hei Vap ValG1, Germany) at < 50°C. The extract was stored in amber flasks in
the dark (pre-converted arugula extract: nitrate content = 514.21 ppm, nitrite content = 56.38 ppm, pH
=5.33, L*=14.24+0.47, a*=-0.46+0.03, b*=13.96+0.32).

Preparation of nitrate sources from arugula extract (AE)

Ten grams of dried arugula powder was mixed with 100 mL of distilled water, then the mixture was left
20 minutes at 80°C in a water bath. The solution was filtered from a 0.45 um filter, and the mixture was
evaporated in a rotary evaporator (Heidolph Hei Vap ValG1, Germany) at < 50°C. The extract was
stored in amber flasks in the dark. (Arugula extract: nitrate content = 4,689.27 ppm, nitrite content =
23.82 ppm, pH = 5.34, L*=14.24+0.54, a*=-0.47+0.84, b*=13.96+0.24).

Preparation of heat-treated fermented sausages

Fresh boneless beef cuts and beef fat were obtained from a local manufacturer. Production of heat-
treated fermented sausages was carried out according to Zungur et al. [9]. Beef was trimmed of visible
fat and connective tissue. Four different formulations of heat-treated fermented sausage, 4 kg each, were
prepared: C (negative control, nitrite free), CN (positive control, 150 ppm sodium nitrite), PA (1.5%
pre-concerted arugula extract), AR (1.2% arugula extract). Fat and meat were separately minced through
a plate with 3 mm holes and mixed with spices, curing agents (salt, sodium ascorbate, saccharose, and
nitrite or natural nitrite source). Arugula extracts (150 ppm nitrate equivalent and 150 ppm nitrite
equivalent) were added to the formulation to replace sodium nitrite. Sausage formulations are given in
Table 1.

Table 1. Formulation of heat-treated fermented sausages

Groups  Beef Fat Salt Spice Sugar Ascorbate NaNO: AE PAE (9)

)] @ @ (9 (9) @ )] (9)

C 4000 800 9% 180 19.2 1.92 0 0 0
CN 4000 800 96 180 19.2 1.92 0.76 0 0
PA 4000 800 9% 180 19.2 1.92 0 0 75.51
AR 4000 800 9% 180 19.2 1.92 0 60.64 0

C (negative control, nitrite free), CN (positive control, 150 ppm sodium nitrite), PA (1.5% pre-concerted arugula extract), AR (1.2% arugula
extract).

The nitrate/nitrite amounts in arugula and pre-converted arugula extracts were calculated to be
equivalent to 150 ppm nitrate and 150 ppm nitrite, respectively.

Physicochemical parameters

Total moisture and ash analysis were performed according to AOAC [10], fat content determined
according to Flynn and Bramblet [11], protein content was determined by using an automatic nitrogen
analyser (FP 528 LE-CO, USA) based on the Dumas method. pH was measured three times by using a
pH-meter (WTW pH 330i/SET, Germany) equipped with a penetration probe. The colour of the samples
was measured in triplicate using a portable colorimeter (CR-200, Konica Minolta, Japan) with D65
illuminant setting and 10° standard observer and expressed as CIE L* (lightness), a* (redness) and b*
(yellowness).
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Lipid and protein oxidation analyses

Oxidative stability of sausages was analysed by determining peroxide value (PV) [12] and 2-
Thiobarbituric acid reactive substances (TBARS) [12]. Protein carbonyls were measured by estimation
of total carbonyl groups according to Levine et al. [13] with some modifications as described by
Srinivasan et al. [14]. Sulthydryl groups (thiol content) were determined according to Srinivasan et al.
[14].

Residual Nitrite content
Residual nitrite content of heat-treated sausages determined by using AOAC method [10].

Nitrosomyoglobin and total pigments contents

The content of nitrosomyoglobin and total pigments were identified with the method described by
Horsey [15]. Conversion ratio was calculated from the nitrosomyoglobin concentration divided by the
total pigment concentration.

Statistical analyses
The data grouped by treatment were analysed by one-way ANOVA using the SPSS software version
11 (SPSS, 2001). A significance level of p < 0.05 was used for all evaluations.

3. Results and discussion

Chemical composition and pH values of sausages grouped by treatment are given in Table 2. The
moisture content of all treatments was lower than 50% which is a limit set by the Turkish Food Codex
[16]. The highest moisture content was found in PA and AR treatments due to the addition of extracts
in liquid form. Similarly, Ozaki et al. [17] reported an increase in moisture content when radish powder
and chitosan were added to the formulation as nitrite alternatives. Fat contents of the sausages were
between 18.52%-24.45%. The highest fat content was found in PA treatment (P<0.05). The highest
protein content was recorded in CN and AR treatments (P<0.05). Addition of chard powder [18] and
beetroot flours [6] to fermented sausage formulation as nitrite alternatives did not change the chemical
composition of the sausages. In our study, the pH was between 5.56-5.58 and significant differences
were recorded among the pH of the sausages. pH 5.6 is the maximum pH value allowed for heat-treated
fermented sausages in Turkey [16]. Similarly, cooked pork loins treated with nitrite, spinach juice, and
fermented spinach juice had similar pH values [4]. Even though some researchers reported addition of
acidic or basic additives to product formulation for nitrite replacement [18,19], in our study, arugula
extract did not affect pH.

Table 2. Physicochemical parameters of heat-treated fermented sausages

= Samples C CN PA AR

E g Moisture (%) 47.71°+0.92 47.430+0.54 49.53%+0.36 49.44°2+0.26

% ‘uE'S Fat (%) 21.090¢+1.75 21.95%+1.77 24.45%+1.25 18.52°+1.01

8 g Protein (%0) 23.765+1.22 26.30%£0.69 22.445+£0.09 27.42%+0.45
©

23 Ash (%) 4.11240.15 3.71%+0.33 3.66+0.14 3.763+0.21

e pH 5.584+0.01 5.56+0.01 5.56+0.01 5.56+0.01

All values are mean + standard deviation of three replicates (n = 3).

*b Means within a row with different letters are significantly different (P<0.05).

C (negative control, nitrite free), CN (positive control, 150 ppm sodium nitrite), PA (1.5% pre-concerted arugula extract), AR (1.2% arugula
extract).

The L* and a* values of internal surfaces were not affected by the treatments (Table 3), and regarding
b*, it was found that C sausage, with no added nitrite or extract, was yellower than other sausages
(P<0.05). The use of fermented celery and beet extracts did not affect L* values; however, the additives
resulted in increasing effect on b* values [20]. In our study, the lowest external L* value was found in
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CN treatment (P<0.05). External L*, a*, and b* values recorded were between 33.10-37.79, 10.27-13.74
and 10.81-14.95 respectively. The results showed that significant differences were obtained in colour
features depending on formulations (P<0.05). The positive control formulated with nitrite had a more
intense red colour as expected (P<0.05). The most visible change was seen in L* values, where PA and
AR treatments were lighter compared to C and CN treatments. L* values did not change with the
addition of 2% celery juice powder whilst a* values were higher in Bologna sausages formulated with
celery juice [19]. The reason for lower a* values in our PA and AR treatments is probably due to the
natural behaviour of extracts in giving a darker colour when mixed with water.

Nitrosomyoglobin, total pigment concentrations, and pigment conversion rates were lower in
treatments without nitrite (CN; negative control) than other treatments, as expected. The pre-conversion
process had a significant effect on nitrosomyoglobin formation, and similar results have been reported
by other researchers [18]. Total pigment concentrations were between 109.63-155.93 ppm. The bio-
conversion process was found to be effective with regard to total pigment content, (P <0.05), as PA
treatment had a greater amount of total pigment compared to other treatments (P <0.05). The conversion
rate of fermented sausages was between 22.64-67.14%. CN had the highest conversion rate, followed
by PA (P<0.05). The highest total pigment amount was found in the PA sausages. This result supports
the idea that natural nitrate sources as nitrite alternatives would be more effective in curing if the nitrate
is converted to nitrite. Sausages without sodium nitrite showed the lowest conversion rate (P<0.05). The
curing efficiency of pork patties ranged between 9.16-82.66% and the highest efficiency was found in
patties formulated with 60 ppm nitrite + 1 % pre-converted nitrite from Swiss chard powder, and
addition of pre-converted nitrite from Swiss chard powder increased the total pigment concentration in
pork patties [21].

Residual nitrite content of our heat-treated fermented sausages was between 8.45-22.59 ppm, and
sausages formulated with 150 ppm sodium nitrite had the highest residual nitrite, as expected (p<0.05).
Residual nitrite contents of the sausages treated with extracts were the same as the negative control. This
result indicates that residual nitrite content was likely influenced by the presence of pre-converted nitrite.
Kim et al. [22] reported that residual nitrite levels of pork sausage was affected by the presence of pre-
converted nitrite in spinach extract. Similar to our results incorporation of celery, parsley, red beet, and
spinach powders into cooked sausages lowered the residual nitrite levels [18], and Sindelar et al. [23]
showed that the residual nitrite content of meat products treated with vegetable juice powder was higher
when a greater amount of pre-converted nitrite was added to meat products.

Table 3. Colour parameters (L*, a*, b*), nitrosomyoglobin, total pigment, residual nitrite
concentrations and conversion rate

= o Samples C CN PA AR

s L" 49.23+0.63 49.65+1.19 48.37+1.15 49.2140.95
4 2= a* 10.40+0.35 10.9840.66 | 11.34+0.83 11.38+0.66
E B b* 10.880.36° 12.23+0.75° 12.36+0.392 12.81+0.752
8 Tcns @ L 34.524+0.90P 33.10+0.63¢ 37.79+1.152 37.30+0.102
g 5& a* 11.76+0.77 13.74+0.54% | 10.27+0.48° | 10.48+0.06°
§ L b* 14.95+1.112 10.81+0.47¢ 13.25+0.61P 13.37+0.72°
S Nitrosomyoglobin (ppm) | 24.77+1.30¢ 102.644+2.48% | 96.77+1.34° 42.76+1.86°

Total pigment (ppm) 109.36+0.98¢ 152.8940.15 | 155.93+0.77% | 124.14+1.14°¢

Conversion rate (%) 22.65+1.35¢ 67.14£1.682 62.06=1.15° 34.44+1.51°

Residual nitrite (ppm) 8.45+0.13P 22.59+1.09° 8.78+0.54° 9.50+1.15°

All values are mean + standard deviation of three replicates (n = 3).

#d Means within a row with different letters are significantly different (P<0.05).

C (negative control, nitrite free), CN (positive control, 150 ppm sodium nitrite), PA (1.5% pre-concerted arugula extract), AR (1.2% arugula
extract).

PVs and TBARS values are shown in Table 4. The PV of treatments ranged between 5.63 and 20.64
meq0./kg. Initially, C and AR sausages had the highest PVs (P<0.05), whilst CN and PA had similar
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PVs. PVs decreased in the second month then remained stable. CN and PA had similar PVs at the end
of the storage. It could be said that primary oxidation was more pronounced in C treatment, which was
formulated without nitrite.

The incorporation of nitrite effectively retarded TBARS values. Lipid oxidation in AR and C
sausages was more intense compared to other treatments. Nevertheless, CN had the lowest TBARS
value followed by PA (P<0.05). This result indicates the potential of PAE to replace nitrite up to some
point. A study carried out by Ozaki et al. [17] reported that the use of beet and radish powders as natural
nitrite sources did not affect the TBARS values on days 45 and 60 of storage. On the other hand, Kim
et al. [4] stated that replacing nitrite with pre-converted spinach juices lowered lipid oxidation.

The total amount of carbonyl and sulfhydryl is accepted as one of the indicators of protein oxidation
[24]. Carbonyl and sulfhydryl contents are shown in Table 4. Protein oxidation of PA and AR, which
contained added with natural nitrite sources, did not differ from each other (P>0.05). The treatment with
pre-converted nitrite source had higher sulfhydryl content compared to C (P<0.05). During the storage,
pre-converted arugula extract was more effective in inhibiting protein oxidation than arugula extract.
Sulfhydryl content of all treatments decreased throughout the storage; however, the addition of arugula
extract or pre-converted arugula extract was effective against sulfhydryl loss. Similar to our result,
Martinez-Zamora et al. [24] indicated that natural nitrate sources such as chard+beet with rosemary or
citrus extract protected the chorizo against thiol loss. Initial carbonyl contents of our sausages were
similar. At the end of the storage, the carbonyl contents of the sausages ranged between 5.07-5.67
nmol/mg. The addition of natural nitrite sources was found to be effective in maintaining carbonyl
contents. It has been observed that nitrite and nitrite alternatives added to the formulation have a
significant effect on lipid oxidation, resulting in a lower carbonyl content amount, thus providing a
slower progression of protein oxidation in these examples.

Table 4. Oxidation parameters of heat-treated fermented sausages

Samples C CN PA AR
» © | 0"day 18.623Y +0.41 13.715Y +1.17 | 14.78b%x+1.03 17.533Y +0.98
2 S 1%months | 24.532*+1.15 19.865%+1.03 | 16.72¢*+0.47 20.64 5% +1.65
o = g 2t months | 8.0532 +0.49 3.7252+1.06 6.63 Y +1.29 7.2427 +(,09
. Q >< |3tmonths |8.83%2+0.61 3.40¢%+1.85 5.635y +1.15 7.77%240.37
b __ | 0" day 1.01°1+0.01 0.549Y £0.10 0.75%Y +0.04 1.702% +0.02
S € g 2 Itmonths | 1.35+0.02 1.07 X £0.06 1.13¢%+0.01 1.672%X+0.02
g - = g§ 2%t months | 1.382% £0.01 1.205X£0.10 0.81%Y £0.01 1.362Y £0.04
a F > =2 3stmonths | 1.23%2+0.03 0.67 %Y £0.01 1.10¢% £0.10 1.372Y +0.06
15 5 |0 day 36.70°%+0.70 43.86%*+1.08 38.79°%+0.91 38.67°*+0.68
T 2 5 2| Itmonths | 35.13%+0.23 41.602Y+1.38 39.05%4+0.59 35.60°Y+0.52
2 S < E T 2tmonths | 32.18°%£0.95 40.022¥+1.10 | 38.32%%+0.93 35.245Y+0.86
O D = =D |3t months | 30.53%40.28 34.80°2+0.61 37.162Y+0.70 35.725Y+0.28
ot day 5.183Y+0.22 4.310Y+0.29 4.7421( 25 4.8733+0.64
> g’ = | Imonths | 5.442%0.02 4.519Y+0.08 5.045Y0.06 5.270%+(.02
§ g g 2%t months | 5.522%4:0.02 4.579Y+0.02 5.2459+0.04 5.3729+0.03
OES8  3tmonths | 5.622%0.02 5.079%+£0.05 5.42¢%40.02 5.540%+(),02

All values are mean + standard deviation of three replicates (n = 3).

*d Means within a row with different letters are significantly different (P<0.05).
*¥ Means within a column with different letters are significantly different (P<0.05).

C (negative control, nitrite free), CN (positive control, 150 ppm sodium nitrite), PA (1.5% pre-concerted arugula extract), AR (1.2% arugula

extract).

4. Conclusion

In this study, it was shown that replacing nitrite with arugula extract or pre-converted arugula extract
resulted in lower redness and nitrosomyoglobin and residual nitrite levels. At the same time, adding pre-
converted arugula extract resulted in sausages that had similar quality parameters and oxidation levels
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to sausages treated with nitrite. Therefore, arugula extract has promising potential for use in heat-treated
sausages as a nitrite source.
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Abstract. According to the World Health Organization, coronavirus disease (COVID-19-
global pandemic) is defined as highly contagious viral infection that causes severe acute
respiratory syndrome-coronavirus-2 (SARS-CoV2). This disease is very rapidly transmitted
among humans. To date, 30 May 2021, at least 170,689,920 confirmed cases of COVID-19 have
been reported while global deaths reached 3,550,093
(https://www.worldometers.info/coronavirus/). In Serbia (to date 30 May 2021) at least 712,046
confirmed cases of COVID-19 have been reported, while deaths reached 6,844 and recovered
694,492. Also, Serbia is at the top of the list of country vaccination rates against COVID-19.
New concerns regarding vaccine safety and efficacy are coming with the mutated strains of
SARS-CoV-2 virus. Natural products of known antiviral activity can be used for various
therapeutic purposes. Honey, propolis, pollen, bee bread, bee venom and royal jelly might
potentiate the immune system of patients and reduce their susceptibility to COVID-19 infection.

1. Introduction
In December 2019, COVID-19 infection firstly manifested in Wuhan, China, where a number of patients
shared similar symptoms to respiratory syndrome [1-4]. According to Kandeel and Al-Nazawi [5] and
Harrison [6], scientists started to massively investigate drugs and vaccines for COVID-19 treatment.
Recent years have seen wide application of apitherapy and bee products in medicine. Many studies
have investigated health benefits (Figure 1) of different bee products, especially bee bread and pollen,
as a means to increase the chemical and nutritional value of food or create functional food [7]. Also,
many studies investigated honeys as food, in terms of contaminants, chemical composition and risk for
consumer health [8-11]. In addition, the benefits of honey bee products to the immune system are
remarkable (induction of antibody production, maturation of immune cells, and stimulation of the innate
and adaptive immune responses [12]. Honey might have beneficial effects as an antioxidant, antiviral,
antimicrobial, anti-inflammatory, antidiabetic, and cardiovascular and nervous system protective agent
(Table 1) [13]. Similar to honey, propolis (bee glue) has high antiseptic, antibacterial, anticancer,
antioxidant and immunomodulatory effects [13]. The major compounds for these effects are caffeic acid
phenethyl ester and artepillin C.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
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Figure 1. Schematic presentation of the main effects of bee products

Pollen and bee bread are produced by flowering plants and collected by bees. This food is composed
of protein (5%-60%), essential amino acids, reducing sugars, lipids, vitamins (provitamin A [B-
carotene], vitamin, flavonoids and organic carotenoid pigments [7,14]. Bee venom is composed of
several active components, including phospholipase A2 and hyaluronidase, peptides, amino acids,
phospholipids, biogenic amines, volatile compounds and pheromones [15,16]. Nowadays, bee venom is
use in apitherapy worldwide [13,17,18]. Royal jelly is an acid colloid composed of water sugar, proteins,
lipids and low amounts of vitamins [16,19]. Sver et al. [20] showed the high therapeutic and prophylactic
potential of royal jelly and its components against human respiratory syndromes, similar to SARS-CoV-
2.

Table 1. Antimicrobial activity of honeybee products

Honeybee Effect References

products

Honey Antioxidant, chemopreventive, [13,21,22]
antiproliferative

Propolis Antifungal, antitumor, antimicrobial [21,22,23]

Bee venom Antiviral, anti-inflammatory, [13,16]
nociceptive, antimicrobial,
antitumoral

Royal jelly Antiviral, immunomodulatory [21]

Bee bread Antibacterial, antiviral [16,24,25,26,27]

In this review we present current understanding of honey bee products (honey, propolis, pollen, bee
bread, bee venom and royal jelly) as antiviral defence mechanisms against COVID-19 infection.

2. Potential protective role of honey

Honey is composed of several bioactive chemicals, phenols, polyphenols, vitamins, bioflavonoids and
sugars [28, 29, 30]. This honeybee product is used in traditional medicine to treat viral respiratory
diseases [30]. Many studies showed different types of honey (manuka, acacia, multi-floral and mono-
floral honey) inhibited viral replication [31]. According to [32], honey antiviral activity is explained by
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hydrogen peroxide and the peptide, defensin-1. Similarly, flavonoids from honey have some antiviral
activity [33, 34]. Hashem [35] showed the potential action of honey against SARS-CoV-2. According
to Lima et al. [16], clinical trials and preclinical studies will indicate the benefit of honey in the therapy
of COVID-109.

According to Al Naggar et al. [13], the physical properties of honey might help to disinfect COVID-
19 before passing to the lungs. Beside protective effects on lungs, honey promotes health by supporting
the growth of positive intestinal microflora [36, 37]. These effects are explained to its low pH [38], high
content of prebiotics [39, 40] and major species of beneficial lactic acid bacteria (Bifidobacterium,
Fructobacillus and Lactobacillaceae) [41,42].

3. Potential protective role of propolis
According to Berretta [43] propolis has been widely studied and is already extensively consumed (as
sprays or extracts ) in many countries. Also, propolis, with high antibacterial, antifungal, antiviral, and
immunomodulatory activities, is used in veterinary medicine [44]. Propolis is composed of several
bioactive chemicals: limonin, quercetin, kaempferol, myricetin, caffeic acid phenethyl ester, hesperetin
and pinocembrin [43].
Effect of propolis against SARS-CoV-2 infection [43]:
¢ Inhibitory potential with high binding energy to viral components from -9 to -7.1 kcal/mol (in
silico)
Blocks the 3a channel that is encoded by ORF 3a of SARS-CoV (in vitro)
Inhibitory potential with high binding energy to ACE2 (in silico)
Inhibitory potential with high binding energy to ACE2 (in silico)
Inhibits PAK-1 directly or up-stream, blocking coronavirus infection
Regulates IFN-y, IL-6, and IL-10 cytokines in an experimental asthma model

4. Potential protective role of pollen and bee bread

Many of the bioactive compounds (polyphenols) present in pollen and bee bread have promising activity
against SARS-CoV [26,27]. Beside polyphenols, flavonoids and isoflavones have high antiviral activity.
According to Yi et al. [27] quercetin inhibited the entry of SARS-CoV into cells (in vitro).

5. Potential protective role of bee venom

Bee venom is well known to have antimicrobial activity [45]. The potential protective role of bee venom
has been studied [46]. Yang et al., [46] showed that bee venom might potentiate the immune system and
reduce the susceptibility to SARS-CoV infection. Also, bee venom induced immunity through
substantial upregulation of Thl cytokines (IFN-y and IL-12) and several forms of immune cells, which
could be very significant for SARS-CoV-2 related pneumonia [16].

6. Conclusion

Honeybee products (honey, propolis, pollen, bee bread, bee venom and royal jelly) are well known for
their several medicinal and nutritional values, which have been long explored for different therapeutic
effects. Honeybee products have antiviral effects and the ability to stimulate the immune system, so
could be used in the therapy of severe viral respiratory infections, such as COVID-19. Also, many
studies suggest potential antiviral effects of honeybee products by direct effects of different bioactive
components (peroxide, flavonoids and phenolics). The immunomodulatory and antiviral effects of
different honeybee products can be useful in preventive treatment, and even symptomatic treatment, of
COVID-109.
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Biofilms in the food industry — impact on human health

I Cirkovic!

! University of Belgrade, Faculty of Medicine, Institute of Microbiology and
Immunology, Dr Subotica starijeg 1, Belgrade, Republic of Serbia

E-mail: cirkoviciv@yahoo.com

Abstract. Biofilms are complex microbial communities formed by one and more species
embedded in an extracellular polymeric matrix of different compositions depending on the
attached microbial species and the type of food manufacturing. Attachment of bacteria to food
contact surfaces and the subsequent formation of biofilms can cause equipment damage, food
spoilage and even human diseases. Foodborne diseases associated with biofilms in the food
industry can be intoxications or infections and can have great impact on human health.
Foodborne pathogens that express capacity for biofilm formation under different conditions in
the food industry, and that are in the scope of our investigations, are Salmonella (which, on
contaminating a food pipeline biofilm, could induce massive outbreaks and even death in
children and elderly) and Listeria monocytogenes (a ubiquitous bacterium that can cause abortion
in pregnant women and other serious complications in children and the elderly).

The associations of bacteria we nowadays refer to as biofilm were discovered several centuries before
we recognised the significance of biofilm in the pathogenesis of infectious diseases and biofilms’
importance in the food industry and other fields. Results from numerous studies on the importance of
biofilm led to the realisation that this form of bacterial existence predominates in nature and that
practically all bacteria possess the ability to form biofilm [1]. The fact that life in biofilm is the preferred
form of bacterial existence in nature clearly indicates that this form of bacterial community is
widespread in our surroundings and thereby has an impact of all aspects of human life [2].

Biofilm was observed for the first time by Antoine Von Leeuwenhoek in the 17th century as he
studied the types of creatures on his own teeth. Later, at the beginning of 20th century, Claude Zobell
and his co-workers stated that more than 99% of microbes in aquatic systems live inside biofilms.
However, the most important figure for the discovery of biofilm was William Costerton, who defined
biofilm for the first time and introduced new terms related to biofilm into microbiology language [1-4].

Biofilm is defined as a complex community of microorganisms [single or several species] that are
irreversibly attached to the surface and to each other, and embedded into extracellular polymeric
substances [EPS], i.e., matrix, that they produce [1]. Biofilm formation is a complex process and,
according to different researchers, it occurs in several common steps: initial contact and attachment to
the surface, followed by microcolony formation, biofilm maturation, and finally detachment/dispersion
of the biofilm [2,3].

Biofilm formation commences with bacteria adhering to the surface of animate or inanimate
materials and is a complex process influenced by numerous factors — characteristics of the material and
the surroundings of the material surfaces on which bacteria adhere, hydrodynamics, i.e., the speed of
fluid movement and characteristics of the bacterium cell surface [3]. In the first stage of biofilm
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formation, initial contact and microbial attachment to the surface occur, individual bacterial cells
physically adhere to the surface of animate and inanimate materials (via van der Waals forces, spatial
interactions or electrostatic forces) or by means of specialised appendages, cilia and flagella. When
forces of attraction between reversibly adhered bacteria and the surface overcome repulsive forces, the
irreversible adherence stage, when bacteria adhere firmly to the surface, begins. The connection between
bacteria and the surface they adhere to strengthens [4].

After attachment of microorganisms to the surface occurs and becomes stable, a process of bacterial
multiplication starts. This process then leads to the formation of microcolonies. Colonies in a biofilm
usually consist of various types of micro-communities that coordinate with one another in multiple
aspects. This coordination plays a crucial role in substrate exchange, distribution of important metabolic
products and excretion of metabolic end-products. Additionally, at this stage, bacteria actively produce
EPS, which comprises around 90% of the biofilm. The content and the structure of polysaccharides, the
chief components of EPS, determine biofilm conformation, and the large quantity of water in EPS
prevents it from drying. Furthermore, EPS contributes to antibiotic and disinfectant resistance of
biofilm, because it mechanically prevents active compounds from entering and being transported
through biofilm [3-4].

In the biofilm maturation phase, the number of microcolonies increases, and the thickness of the
entire structure reaches approximately 100 um. Microcolonies often consist of bacteria with differing
metabolic needs, and they function in a complex coordination. Moreover, due to the higher concentration
of O, biofilm surface primarily hosts aerobic bacteria, whereas anaerobes usually populate the interior.
Spatial proximity enables bacteria to exchange metabolites and eliminate toxic metabolites from the
population, and each bacterium performs a precisely defined task that contributes to the wellbeing of
the entire community. However, because of their spatial orientation, bacteria in the deepest structures
of biofilm receive less water, food and O, than bacteria at the surface, and the elimination of metabolites
and CO; from these areas becomes mostly unsatisfactory. Then, bacteria inside the biofilm shift to the
dormant state, performing a minimum of metabolic activities. To summarize, the maturation phase
includes biofilm adaptation to surrounding conditions in terms of structure modification, physiology and
metabolism of the entire bacterial population that form the biofilm [3]. As in previous biofilm formation
stages, the biofilm maturation phase is strictly controlled at the entire bacterial population level by the
quorum sensing system. Quorum sensing is the ability to detect and respond to bacteria population
density by gene regulation. Many microorganisms use quorum sensing to coordinate gene expression
according to the density of their local population [4].

The final stage is characterised by dispersion, i.e., detachment of bacteria from biofilm and
colonisation of new surfaces. Biofilm dispersion involves detachment of daughter cells during bacterial
division on the biofilm surface, detachment of smaller bacterial clusters instigated by water movements
in the surroundings and detachment of bacteria from biofilm due to the lack of nutritive materials.
Microcolony structure changes over time, from entirely compact to a very rudimentary cohesion of
individual bacterial cells, which obtain unanimous approval from the entire population to move, leave
the biofilm and colonise a new surface. In contrast, dormant bacteria remain inside biofilm, maintain its
structure and regenerate the biofilm over time [5].

Bacteria in biofilm exhibit different phenotypic characteristics than the non-biofilm bacteria outside.
Biofilm bacteria, compared with free-living bacteria, are more resistant to external factors, drying, UV
radiation, and changes in pH and temperature, but they are also less sensitive to disinfectants, antibiotics
and mechanisms of innate and acquired immunity from individual microbial cells. Bacterial resistance
to antibiotics in biofilm can be explained in several ways. One of the explanations states that slow and
incomplete penetration of antibiotics through EPS that functions as a mechanical barrier also leads to
neutralisation and dilution of some antibiotics. According to numerous authors, biofilm antibiotic
resistance is also determined by a lower rate of bacterial growth in biofilm, because antibiotic efficacy
largely depends on a certain degree of bacterial cell activity. Finally, horizontal transfer of the resistant
gene occurs much more frequently in biofilm than in individual bacterial cells, because of the spatial
proximity of biofilm bacteria [3,4]. Additionally, it has generally been accepted that the biofilm structure
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and mode of growth induce its resistance to disinfection that can lead to significant health and economic
concerns. Mechanisms of biofilm resistance to disinfectants are similar to those responsible for
antibiotic resistance [3-5].

Modern food processing lines are applicable environments for biofilm production on food contact
surfaces [6]. Many foodborne bacteria can adhere to the contact surfaces present in these areas, which
could contribute to an increase in the risk of foodborne infectious diseases [7]. Thus, it does not come
as a surprise that 80% of bacterial infections in the USA are believed to be related specifically to
foodborne pathogens in biofilms [6].

In the food industry, after bacteria adhere to the surfaces of food matrixes or factory equipment,
biofilms start to develop. During the washing process, biofilms resist disinfection and sanitisation, and
this allows bacteria to spread across the product. Some bacteria can spoil the products readily, and
contaminated products could pose a health risk to consumers. Foodborne diseases associated with
biofilms in the food industry can be intoxications or infections. Bacterial exotoxins can be secreted by
some bacteria in biofilms found within food processing plants. Subsequently contaminated food can
cause human intoxication, so biofilms in food factories pose a risk to human health [6,7].

Salmonella are one of the most important foodborne pathogens. More than 95% of cases of infections
caused by these bacteria are foodborne, and these infections account for about 30% of deaths resulting
from foodborne illnesses [8]. Salmonella are capable of easily attaching to meat (poultry meat is a
common reservoir in processed food) and other food matrixes, and they can subsequently form biofilm
[8,9]. This will eventually lead to cross-contamination between food batches in a manufacturing plant,
a fact that further underscores the serious health concern this bacterium poses with respect to risk of an
outbreak. These bacteria are capable of adhering and forming biofilms on different surfaces [8]. In our
previous investigation, we studied the influence of different environmental conditions on biofilm
formation by Sal/monella in vitro [9]. The highest quantity of biofilm was formed at 30°C after 24 h of
incubation and at 22°C after 48 h of incubation. The multicellular behaviour in Sa/monella, associated
with biofilm formation, is regulated by environmental conditions that target the agfD promoter.
Expression of this promoter leads to the production of polymers, thin aggregative fimbriae and cellulose,
which form EPS and induce biofilm formation. It was shown that production of the thin aggregative
fimbriae in S. Typhimurium took place in a temperature-dependent manner, at 28°C but not at 37°C,
and this could explain the highest amount of biofilm formed at 30°C after 24 h of incubation [9]. On the
other hand, in the stationary phase of growth, nitrogen and phosphate depletion were found to induce
the agfD promoter and favour the multi-cellular state. This could partially explain more biofilm being
produced at room temperature after 48 than after 24 h of incubation [9,10].

In the food industry, the type of atmosphere might not be known, and there are circumstances in
which an anaerobic atmosphere or variable concentrations of O, or CO, occur. Moreover, an oxygen
gradient is present in biofilms. Our results on Sal/monella biofilm forming capacity suggest that
microaerophilic and CO»-rich conditions provide the best environment for biofilm formation, while the
least biofilm was formed under anaerobic conditions [9]. High biofilm production under microaerophilic
and CO»-rich conditions correlates with the observations of other authors, who found that the expression
of agfD in a microaerophilic atmosphere was maximal compared with aerobic and anaerobic conditions
[9].

Another foodborne pathogen in the scope of our interest was Listeria monocytogenes. Food products
known to transmit this pathogen are seafood, dairy products, meat, processed food, fruits, soft cheeses,
ice cream, unpasteurised milk, candied apples, frozen vegetables, and poultry [11,12]. This pathogen
causes gastroenteritis in healthy individuals. However, in pregnant women, infants, the elderly and
immunocompromised individuals, this bacterium causes listeriosis, a critical disease which also involves
septicaemia, meningitis and meningoencephalitis. In pregnant women, listeriosis can lead to miscarriage
or damage to the foetus [12]. L. monocytogenes biofilms can form on polypropylene, steel, rubber or
glass surfaces throughout the food industry. From there, this pathogen spreads to food batches, where it
can replicate at refrigeration temperatures. Together with this low temperature replication ability, this
bacterium induces biofilm status as a response to cold temperatures, increasing its attachment to surfaces
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and its resistance to cleaning procedures in many food factories [11,12]. Evaluation of biofilm formation
by L. monocytogenes in our study revealed that this bacterium possesses a high capacity for biofilm
formation. In spite of that, biofilm-forming capacity depends on the availability of nutrients in the
environment, and L. monocytogenes prefers nutrient-rich media for biofilm production [13].

Food industry biofilms constitute a serious economic and health issue. These biofilms can contain
microorganisms that are pathogenic in healthy individuals or that target immunocompromised people
and cause life-threatening infections.
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Abstract. Poultry meat production is one of the most dynamic sectors in agriculture,
recording the quickest growth in the food industry, while egg production has shown
strong growth in the last twenty years. Combined with meat production, it is achieving
the highest growth when it comes to meeting protein needs for the global population. In
economic terms, coccidiosis is one of the most significant poultry diseases. Effective
application of coccidiostats in poultry feed has been playing a key role in development
of commercial poultry production for more than 50 years. The aim of this research was
to estimate occurrence and residue concentrations of coccidiostats in table eggs, poultry
liver and meat, available on the market in Bosnia and Herzegovina (B&H). Residues of
lasalocid were found in table eggs, while residues of nicarbazin, maduramicin and
diclazuril were detected in broiler meat and liver.

1. Introduction

Large bird agglomerates in poultry facilities are at risk of fast, massive spread of various infectious
diseases. From an economic perspective, coccidiosis is one of the most significant invasive diseases in
intensive poultry farming, especially in young animals [1].

Coccidiosis is a parasitic disease of various food production animal species, and is one of the most
frequent health problems in intensive poultry farming [2,3]. The prevalence of coccidiosis in commercial
poultry flocks is directly proportionate to production intensity, which is characterized by high animal
density per unit, i.e., population density, in commercial production facilities [3]. Dense populations,
along with other stress factors, help the occurrence and spread of the disease in flocks [4].

The prevention of coccidiosis is based on fundamental factors: zoohygienic measures, genetics,
vaccination and administration of coccidiostats [5]. Among them, prudential and effective use of
coccidiostats in poultry is essential for modern commercial poultry production. Coccidiostats interfere
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in various stages of intestinal development of Eimeria, and are the only veterinary drugs allowed as
additives in animal feed to prevent and treat poultry coccidiosis [1,6].

This paper reports the results of a study conducted on products at retail in B&H to estimate the
occurrence and residue concentrations of coccidiostats in table eggs, poultry liver and meat.

2. Materials and methods

Ninety samples of table eggs of domestic origin were collected to study the presence of coccidiostat
residues. One representative sample was made up of twelve table eggs. Sampling of broiler meat and
liver on B&H'’s retail market was conducted in three groups. The first and second groups (Group A and
Group B) included samples from two different local poultry producers that had been distributing their
products to the whole B&H market. The third group (Group C) included samples from an importer,
whose products were also available on the entire market in B&H. Random sampling was conducted
between April 2017 and April 2018 in large retailers across B&H.

Screening identification of residues of diclazuril (DICL), lasalocid (LAS), maduramicin (MAD),
monensin (MON), narasin (NAR), nicarbazin (DNC), robenidine (ROBN), salinomycin (SAL) and
toltrazuril sulfone (TOLT) in samples of table eggs, broiler meat and liver was conducted using liquid
chromatography with triple quadrupole mass spectrometry (LC-MS/MS) with a Waters ACQUITY
detector connected to TQD mass spectrometer (Waters, Milford, MA, USA), controlled by MassLynks
software version 4.1 in the Laboratory for Residues and Food Quality Testing of the Veterinary Faculty,
University of Sarajevo, B&H. Confirmation testing was conducted at the Institute of Meat Hygiene and
Technology of Serbia, using a Shimadzu LCMS-8040 Triple Quadrupole Liquid Chromatograph Mass
Spectrometer (Shimadzu, Japan), operated in positive ion mode, controlled by LabSolution software.

Statistical data analysis of grouped data was conducted using the IBM SPSS Statistics v. 17 software
(IBM Inc., USA). Fisher’s exact test and chi-square test (%2) were used to test the statistical significance
of difference in frequency of coccidiostat-positive samples that contained residues of DNC, MAD, LAS
and/or DICL among three types of tested matrices (eggs, broiler meat and liver), as well as to test
statistical significance of difference in frequency of samples positive for residues of MAD, DNC and/or
DICL, given the difference in sample origin (local and imported). P-values less than 0.05 were
considered statistically significant.

3. Results and discussion

Table 1 shows the results of screening tests for presence of residues of the nine coccidiostats by using
the LC-MS/MS technique.

Table 1. Occurrence and frequency (%) of coccidiostat residues in table eggs, broiler
meat and liver that screened positive?.

Group A Group BY
Table eggs Broiler meat Broiler liver  Broiler meat  Broiler liver
(n=90) (n=30) (n=30) (n=30) (n=30)
Lasalocid 10 (11.1%) - - - -
Nicarbazin - 4 (13.3%) 12 (40.0%) 2 (6.6%) 4 (13.3%)
Diclazuril - - - - 2 (6.6%)

3 concentration of coccidiostats > CCR (5 pg/kg)

b samples from local producer A

% samples from local producer B

Note: Residues of maduramicin, narasin, monensin, salinomycin, toltrazuril sulfone and
robenidine were not detected in any of the tested samples. None of the nine tested coccidiostats
were detected in the imported broiler meat and liver (Group C).

Confirmation testing included 36 samples, out of which 10 samples of table eggs were positive for LAS
residues, 6 samples of muscle tissue and 16 samples of liver for DNC residues, and 2 liver samples for
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DICL and MAD residues. LAS residues were confirmed in all 10 samples of table eggs (m/z:
613.2—359.3 and 613.2—377.3), with concentrations ranging from 7 pg/kg to 33 pg/kg (mean value
of 20.8 pg/kg), while DNC residues (m/z: 301—107 and 301—137) were confirmed in all 22 samples
of muscle tissue and liver of broilers. The concentrations of DNC residues in broiler liver samples ranged
from 6 pg/kg to 165 ng/kg, with a mean value of 43.4 pg/kg, and in broiler meat from 6 pg/kg to 41
png/kg (mean value of 25.0 pg/kg). In two liver samples, DICL residues (m/z: 406.60—336.00 and
405.0—334.0) were confirmed in concentrations of 49 pg/kg and 65 pg/kg, as well as MAD residues
(m/z: 934.8 —629.5, 934.8 —647.5) at 1 ng/kg concentrations in both matrices (Figure 1). This finding
may be explained by the fact that the used screening method could not identify such low concentrations
of MAD, given that its CCB value for broiler meat and broiler liver was estimated at 5 pg/kg. According
to the relevant B&H legislation [7,8], the estimated concentrations of the detected coccidiostats were far
below maximum residual limits (MRL).

B - - — - - - - - - - - - - - R

Figure 1. MRM chromatogram of maduramicin (m/z MAD: 934.7—629.5 and 934.7 —647.4) in a
sample of broiler liver (1 pg/kg of MAD).

A statistically significant difference (p=0.001) in the presence of LAS residues was found among
three tested types of matrices (table eggs, broiler meat and liver). Similarly, a statistically highly
significant difference (p<0.001) was observed in the presence of DNC residues in the three types of
tested matrices. Also, statistically significantly higher (p<0.001) occurrences of DNC residues in muscle
tissue and broiler liver were found in the domestic products as compared to the imported ones.

Our results were also compared with results of coccidiostat residue monitoring in table eggs and
broiler livers, provided by the Veterinary Office of Bosnia and Herzegovina (VOB&H) for the period
2010-2016 [9]. In 2011, two samples (1.6%; n=122) of table eggs were positive for MAD residues,
while in 2012, five samples (3.1%; n=160) were positive for coccidiostats, with four being positive for
MAD and one for SAL. In addition, one positive sample (0.7%) was found among 143 samples tested
for SAL residues in 2014. Our study found 11.1% of 90 table egg samples were positive for LAS
residues, but in very low concentrations ranging from 7 pg/kg to 33 pg/kg. In 2010, 2013, 2015 and
2016, coccidiostat residues were not identified in table eggs.

According to the VOB&H results [9], coccidiostat residues in samples of broiler liver were not
identified in 2010 and 2012, while 4 out of the 11 broiler liver samples tested (36.4%) in 2011 were
positive (3 samples positive for MAD and 1 for MON). Out of 20 samples tested in 2013, 6 positive
samples were reported (30%), of which 3 were for DNC, 2 for MAD and 1 for DICL. In 2014, out of 19
tested samples of broiler liver, 7 (36.8%) were positive, of which 5 were for DNC and 2 for DICL. These
results argue in favour of our findings of DNC, MAD and DICL in broiler liver.

Additionally, an increasing trend in the number of broiler livers positive for DNC residues was
detected in 2015 and 2016 [9]. Of 20 samples of broiler liver tested during 2015, 15 samples (75%) were
positive, of which 14 (70%) contained DNC residues. The residues were observed in low concentrations,
ranging from 17 pg/kg to 229 pg/kg, which includes the DNC residue concentration range observed in
our current study (from 6 pg/kg to 165 ng/kg).
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High rates of positive broiler livers and animal feeds were also recorded in 2016 [9]. Out of 27 tested
samples of broiler liver, 13 (48.1%) were positive, of which 11 (40.7%) contained DNC residues in high
concentrations ranging from 8 to 1,200 pg/kg. However, the frequency of broiler feed (finisher) samples
positive for LAS and SAL residues (40%) was recorded during the same year, which probably points to
the occurrence of cross-contamination from non-target feed for broilers. In that, the highest
concentrations of coccidiostat residues in finisher feed were 5,850 mg/kg for LAS, and 1,030 mg/kg and
900 mg/kg for SAL.

The presence of coccidiostat residues in broiler meat and table egg samples, as identified in our
research, was most probably the consequence of cross-contamination of animal feed that occurred during
the feed production and/or in further processing of the feed on the farm itself, as confirmed by others
[10,11,12,13,14,15]. Feed cross-contamination is possible at farm level [16,17]. Inappropriate storage
and/or marking of animal feed intended for different animal categories or species, inadequate cleaning
of feed reservoirs and equipment, illegal addition of coccidiostats in feed, and disrespecting the
coccidiostat withdrawal periods are all known risk factors for cross-contamination of non-target feed
and the consequential detection of coccidiostats residues in broiler meat and table eggs [18].

4. Conclusion

This study is the first research into coccidiostat residues in poultry products on the B&H retail market.
Study results show that concentrations of identified coccidiostats were below MRL values imposed by
the current B&H legislation. This finding probably implies satisfactory handling of poultry feed, as well
as adequate preventive and therapeutic applications of coccidiostats. The control and surveillance of
coccidiostats in animal feed and poultry products has an essential role to maintain Bosnia and
Herzegovina’s status as a poultry exporting country on the EU market.
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Abstract. This study aimed to examine the effects of handling procedure during unloading on
blood glucose level, carcass lesions and meat quality of market-weight pigs. Rough handling
during unloading was related to higher blood glucose level and frequency of slipping and falling.
In contrast, gentle handling during unloading was related to the lower blood glucose level and
frequency of slipping and falling, but the higher frequency of reluctance to move and turning
back. Rough handling during unloading resulted in a higher carcass lesion score, and the higher
tendency towards lesions on the middle part of the carcass and handling-type carcass lesions.
Pigs subjected to rough handling during unloading had a higher meat temperature 45 minutes
after slaughter, lower meat pH value 45 minutes and 24 hours postmortem, higher drip and
cooking loss, higher L* and b* values and lower sensory colour score, and consequently,
produced a higher prevalence of pale, soft and exudative meat. In contrast, pigs exposed to gentle
handling during unloading produced a lower percentage of pale, soft and exudative meat, but a
higher percentage of pale, firm, and nonexudative. In conclusion, gentle handling during
unloading resulted in improved animal welfare, decreased stress intensity, and increased pork
quality.

1. Introduction

Unloading at the abattoir is one of the most stressful moments on the day of slaughter, since pigs are
exposed to an unknown environment and contact with unfamiliar people, which can cause stress and
negatively affect animal welfare and pork quality [1]. Pig welfare at this pre-slaughter stage can be
assessed according to animal-based (slipping/falling, reluctance to move, turning back, vocalization and
lameness) and resource-based (unloading ramp angle, corridor appearance, type of handling tools, etc.)
measurements [1]. In addition, physiological stress indicators and pork quality traits could be useful
indicators of welfare conditions at unloading [2]. Rough handling in the unloading area, which includes
the use of electric prods and sticks, compromises pig welfare and results in lower pork quality [2-3].
Several studies reported that alternative handling tools (sorting boards, rattle paddles and flags) to the
electric prods and sticks, used to move pigs from the lorry to the lairage pens, were more effective
devices because they induced fewer behavioural problems and reduced stress intensity and pork quality
defects [1-3]. Therefore, the aim of this study was to examine the effects of handling procedure during
unloading on blood glucose level, carcass lesions and meat quality of market-weight pigs. The research
hypothesis was that gentle handling during unloading would improve pig welfare and pork quality.
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2. Materials and Methods

2.1. Experimental animals and management procedures

The study was conducted in April 2021 on 69 market-weight pigs (29 barrows and 40 gilts) with average
live weight of approximately 105 kg and 6 months old. All pigs were of the same genetics ([ Yorkshire
x Landrace] sows sired with Pietrain boars) and originated from the same farm and, thus, were reared
under identical conditions. At the farm, the pigs were loaded in groups of 4-5 pigs by the same lorry
driver. Lorry departed from the farm immediately after loading. Transportation of pigs was conducted
in two groups (group 1 = 35 pigs; group 2 = 34 pigs) in an interval of two weeks by the same driver and
the same lorry. Both groups of pigs were transported to the abattoir for about two hours at the loading
density of ~0.43 m?/100 kg. Both groups of pigs were unloaded as soon as possible (~5 min of waiting
time for both groups) after the arrival at the abattoir using a 5-m long metal ramp with a slope of 20°.
Pigs from the first group were unloaded by abattoir personnel using electric prods and sticks (in groups
of 10-15 pigs) in compliance with standard abattoir practices (unloading time: 5 minutes). Pigs from
the second group were unloaded by the first and second author in a slow and calm manner with a PVC
sorting board and rattle paddle (in groups of 4-5 pigs), and without the use of electric prods and sticks
(unloading time: 15 minutes). After the pigs were unloaded, they were moved to a lairage pens for 30
minutes at a lairage density of 1 m? per pig. Pig slaughter and carcass processing were identical for both
groups and were performed at the same commercial abattoir in compliance with the standard industry-
accepted practices.

2.2. Behavioural and physiological stress indicators

Pig behaviour (slipping, falling, turning back, reluctance to move) was monitored at unloading by direct
observation of two trained observers based on the Welfare Quality® protocol [4], as outlined in Table
1. For the measurement of blood glucose levels, blood samples were collected from 15 slaughtered pigs
per group (n = 30). Samples were collected in a plastic cup from the bleeding wound at sticking and
results were immediately determined (within 15 s) using a handheld device analyser (Gluco Sure Auto
Code, ApexBio, Taiwan).

Table 1. Indicators of pig behaviour and health recorded during unloading at the abattoir

Item Description [4] Thresholds [5]
Excellent: 3%; Advanced: 6%;
Acceptable: 8%; Unacceptable: >8%
Excellent: 0%; Advanced: 0.4%;

Slipping Loss of balance without the body touching the floor.

Loss of balance in which a part of the body other than the legs is

H . 0 . .
Falling in contact with the floor. f\g%%ztable. 0.8%; Unacceptable:
Turning Pig facing towards the unloading zone makes a 180° turn in the  Excellent: 0%; Advanced: 1.5%;
back direction of the lorry area. Acceptable: 4%; Unacceptable: >4%
Reluctance Pig showing reluctance to move when it stopped walking, Excellent: 0%; Advanced: 0.5%;
to move without moving its head and body and failed to explore for at  Acceptable: 1.5%; Unacceptable:

least 2 s. >1.5%

2.3. Carcass lesion evaluation

Carcass lesions were visually assessed on the left carcass side (n = 30; 15 slaughtered pigs/group) by
two trained observers in the cold chamber 45 minutes after slaughter using a visual scoring system based
on Welfare Quality® protocol [4]. Also, carcass lesions were classified as handling type-carcass lesions,
fighting-type carcass lesions and mounting-type carcass lesions by visual assessment of shape and size
to recognize their origin [6].

2.4. Pork quality measurements
Pork quality measurements were carried out 45 minutes, 24 hours and 72 hours postmortem on the
Musculus longissimus dorsi at the level of the 10th and 11th ribs on the left carcass side. Meat samples
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were collected from 15 slaughtered pigs per group (n = 30). Both pH (pH4smin and pHa4n) and temperature
(T4smin and Ta4n) were measured 45 minutes and 24 hours postmortem using a pH meter (Testo 205,
Testo AG, Lenzkirch, Germany). For determination of pork colour and water holding capacity, two
boneless loin samples (2.54 cm thick, 100+4.5 g) were cut 24 hours postmortem by trained abattoir
personnel from each selected carcass. Instrumental colour was determined using a portable colorimeter
(Konica-Minolta, Chroma Meter CR 410, Osaka, Japan). Subjective colour of meat samples were
evaluated 24 hours postmortem by three trained sensorists by using the scaling method according to the
National Pork Producer Council colour standard [7]. To evaluate water holding capacity, drip loss,
thawing loss and cooking loss were determined, as described in Cobanovié et al. [8]. Pork quality classes
were determined using pH values measured 24 hours postmortem, drip loss variations, and lightness (L*
value) based on Cobanovié et al. [8] (Table 2).

Table 2. Determination of pork quality classes based on Cobanovi¢ et al. [8]

Pork quality class pH24n Drip loss (%) L* value
PSE pork <6.0 >5 >50

RSE pork <6.0 >5 42-50
RFN pork <6.0 2-5 42-50
PFN pork <6.0 2-5 >50
DFD pork >6.0 <2 <42

Abbreviations: pHas — pH value measured 24 hours after slaughter; Drip loss — meat juice loss at 4°C for a
period of 24 to 72 h after slaughter; L* value — lightness; PSE — pale, soft, and exudative; PFN — pale, firm, and
nonexudative; RSE — red, soft, and exudative; RFN — red, firm, and nonexudative; DFD — dark, firm, and dry.

2.5. Statistical analysis

Statistical analysis of the results was conducted with SPSS software (version 23.00, IBM Corporation,
Armonk, NY, USA). According to handling procedure during unloading, the pigs were allocated to two
groups: gentle handling = the group of pigs handled in a slow and calm manner with a PVC sorting
board and rattle paddle, and without the use of electric prods and sticks (n=35) and rough handling =
the group of pigs handled by using the electric prods and sticks (n=34). Student’s t-test was used to
examine the effects of unloading practice on the blood glucose level, carcass lesion score and meat
quality traits of market-weight pigs. Data were described by descriptive statistical parameters as the
mean value and standard error of the mean (SE). The effects of unloading practice on behavioural
indicators, carcass lesion type, lesion distribution on carcass regions and pork quality classes were
determined by Fisher’s exact test. Since none of the slaughtered pigs had lesions on the ears and legs
nor produced DFD pork, these carcass regions and quality class were not considered for this statistical
test. Each pig was considered an experimental unit. In all tests, statistical significance was accepted at
P <0.05, while tendencies were accepted at 0.05 < P <0.10.

3. Results and Discussion

Effects of handling procedure during unloading on behavioural and physiological stress indicators of
market-weight pigs are shown in Table 3. A higher occurrence of slipping (P=0.0356) and falling
(P=0.0416) was recorded in pigs subjected to rough handling in the unloading area. The same group of
pigs had a percentage of slipping and falling above the threshold level for unacceptable welfare
conditions at the abattoir (Table 1) [5]. High frequency of slipping and falling of pigs during rough
handling in the unloading area could be attributed to the use of electric prods and sticks, but also to the
too steep unloading ramp (slope of 20°) [3]. An unfamiliar environment and a too steep unloading ramp
(>15°) lead to agitation and stress in pigs, which make them rush (as shown by the shorter unloading
time), and resulting in much more difficult handling during unloading [1]. This results in nervousness
and frustration in abattoir personnel, leading to rougher handling of pigs and more frequent use of
electric prods and/or sticks during unloading [1]. Considering that unloading ramp was identical for both
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groups of pigs, it can be argued that rough handling by unqualified abattoir personnel had the greatest
impact on the frequency of slipping and falling of pigs in the unloading area.

Table 3. Effects of handling procedure during unloading on behavioural and physiological stress
indicators of market-weight pigs (n=69)

Handling procedure during unloading Rough Gentle P-value Significance
Number of pigs 34 35

Behavioural stress indicators

Slipping (%) 23.532 5.71° 0.0356 *
Falling (%) 17.65° 2.86° 0.0416 *
Turning back (%) 2.942 31.43° 0.0029 *
Reluctance to move (%) 0.00? 14.29° 0.0221 *
Physiological stress indicator

Blood glucose (mmol/L) 6.89+0.572 5.51+0.33° 0.0445 *

Rough handling = pigs handled using the electric prods and sticks; Gentle handling = pigs handled in a slow
and calm manner with a PVC sorting board and rattle paddle.

* Statistical significance at (P<0.05); T: tendency (0.05 < P < 0.10); NS: not significant (P>0.05)

ab Different letters in the same row indicate a significant difference at P<0.05.

In contrast, pigs exposed to gentle handling during unloading had higher frequencies of turning back
(P=0.0029) and reluctance to move (P=0.0221) (Table 3). The same group of pigs had percentages of
turning back and reluctance to move above the threshold level for unacceptable welfare conditions at
the abattoir (Table 1) [5]. Scientific and professional attitudes about the cause of the aforementioned
forms of pig behaviour are not consistent. Some authors [3] suggest that the use of electric prods and/or
sticks during unloading leads to the higher frequencies of turning back and reluctance to move in pigs.
On the other hand, other authors [1-2] reported more turning backs and reluctance to move in pigs
handled during unloading without electric prods and sticks, indicating that gentle handling is connected
with these forms of behaviour. Thus, great care is needed when interpreting the causes of turning back
and reluctance to move during unloading, since there are indications that these forms of pig behaviour
are not reliable indicators of animal welfare at the abattoir [1].

In the present study, pigs that underwent rough handling during unloading had a higher blood glucose
level at exsanguination (P=0.0445), indicating the higher degree of stress after inadequate handling
procedures. It has been observed that the use of electric prods and/or sticks immediately before slaughter
leads to the activation of behavioural and physiological responses to stress, so such pigs have higher
blood cortisol, lactate and glucose levels at exsanguination [2-3]. Stress stimuli just prior to slaughter
provoke activation of the sympathetic-adrenal-medullary axis, causing the release of catecholamines
(noradrenaline and adrenaline), which accelerate metabolism and lead to the breakdown of glycogen
reservoirs in skeletal muscle and in the liver, and consequently resulting in increased blood lactate and
glucose levels [1-2].

Effects of handling procedure during unloading on carcass lesions of market-weight pigs are
displayed in Table 4. Pigs subjected to rough handling during unloading had a higher (P=0.0463) carcass
lesion score. Also, there was a higher tendency (P=0.0656) for the occurrence of lesions on the middle
region of the carcass and handling type-carcass lesions in pigs subjected to rough handling (Table 4).
Rough handling, although it shortens the unloading time, causes fear and panic in pigs, which makes
them rush, and leading to a higher occurrence of slipping, falling, mounting and hitting the floor or walls
of the unloading ramp and corridors, consequently resulting in a higher prevalence of carcass lesions
[2]. As a consequence of the use of electric prods and sticks during unloading of a large number of pigs
at the same time, they jump on each other’s backs in an attempt to escape from a source of stress,
resulting in the higher occurrence of carcass lesions [1]. To reduce the prevalence of carcass lesions and
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to facilitate unloading procedure, it is strongly recommended to unload pigs in small groups of 4-5
individuals, with at least two animals moving side by side [1].

Table 4. Effects of handling procedure during unloading on carcass lesions of market-weight pigs

(n=30)
Handling procedure during unloading Rough Gentle P-value Significance
Number of pigs 15 15
Carcass lesion score 1.20£0.20 0.67+0.16 0.0463 *
Carcass lesion type (%)
Handling type-carcass bruises 80.00 40.00 0.0604 T
Fighting-type bruises 6.67 13.33 >0.9999 NS
Mounting-type bruises 13.33 6.67 >0.9999 NS
Carcass regions (%)
Anterior part 80.00 60.00 0.4270 NS
Middle part 66.67 26.67 0.0656 T
Posterior part 40.00 13.33 0.2148 NS

Rough handling = pigs handled using the electric prods and sticks; Gentle handling = pigs handled in a slow
and calm manner with a PVC sorting board and rattle paddle.

* Statistical significance at (P<0.05); T: tendency (0.05 < P < 0.10); NS: not significant (P>0.05)

ab Different letters in the same row indicate a significant difference at P<0.05.

Effects of handling procedure during unloading on meat quality of market-weight pigs are depicted
in Table 5. Meat obtained from pigs subjected to rough handling had higher temperature 45 minutes
postmortem (P<0.0001), lower pH value 45 minutes (P=0.0100) and 24 hours (P<0.0001) after
slaughter, increased drip (P=0.0013) and cooking loss (P=0.0167), higher L* (P=0.0104) and b*
(P<0.0001) values and lower sensory colour score (P=0.0005). Consequently, pigs exposed to rough
handling produced a higher percentage of PSE pork (P=0.0656).

Table 5. Effects of handling procedure during unloading on meat quality of market-weight pigs

(n=30)
Ha”d"PG procedure during Rough Gentle P-value Significance
unloading
Number of pigs 15 15
Pork quality parameters
PHasmin 6.10+0.05% 6.28+0.04° 0.0100 *
Tasmin (°C) 38.58+0.082 37.25+0.22b <0.0001 *
pH24n 5.61+0,072 5.99+0,03° <0.0001 *
Taan (°C) 1.87+0,03 1.84+0,02 0.4785 NS
Drip loss (%) 8.39+0.392 6.35+0.41° 0.0013 *
Thawing loss (%) 4.65+0.47 4.61+0.40 0.9485 NS
Cooking loss (%) 24.94+1.028 20.87+1.23° 0.0167 *
L* value 55,41+0,812 51,95+0,96° 0.0104 *
a* value 11.12+40,31 11.17+0,41 0.9229 NS
b* value 9.63+0.202 7.91+0.31° <0.0001 *
Sensory colour score 1.76+0,112 2.71+0.22° 0.0005 *
Pork quality classes (%)
PSE meat 86.672 40.00° 0.0209 *
RSE meat 13.33 26.67 0.6513 NS
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RFN meat 0.00 6.67 >0.9999 NS
PFN meat 0.00 26.67 0.0996 T
Rough handling = pigs handled using the electric prods and sticks; Gentle handling = pigs handled in a slow
and calm manner with a PVC sorting board and rattle paddle.

* Statistical significance at (P<0.05); T: tendency (0.05 < P < 0.10); NS: not significant (P>0.05)

a.b Different letters in the same row indicate a significant difference at P<0.05.

These results can be explained by the fact that rough handling during unloading leads to intensified
metabolism in skeletal muscles ante and postmortem, resulting in increased meat acidification and
temperature [8]. High meat acidification combined with high meat temperature induces denaturation of
sarcoplasmic and myofibrillar proteins and reduction in their water holding capacity, thus causing the
occurrence of PSE pork [8]. As rough handling during unloading compromises pig welfare and
adversely affects the pork quality, most authors [6,9] agree that the use of electric prods should be strictly
limited, while hitting, kicking and sticks must be strictly prohibited. Previous findings [6,9] reported
that avoiding the use of the electric prods and sticks reduced the prevalence of carcass lesions and PSE
pork by as much as 50%. This is confirmed in the present study, where the use of sorting boards and
rattle paddles to move pigs during unloading instead of electric prods and sticks halved the prevalence
of handling type-carcass lesions (rough handling: 80.00% vs. gentle handling: 40.00%) and PSE pork
(rough handling: 86.67% vs. gentle handling: 40.00%) (Table 5). Also, gentle handling in pigs led to a
slowdown of metabolic processes in skeletal muscles postmortem and only partial denaturation of meat
proteins, so those individuals produced better pork quality, in terms of the lower prevalence of PSE pork
and increased tendency towards pale, firm and non-exudative (PFN) pork (P=0.0656, Table 5).

4. Conclusion

The results showed that gentle handling of pigs during unloading resulted in improved animal welfare
(lower frequency of slipping and falling and carcass lesion scores), decreased stress intensity (lower
blood glucose level), as well as increased pork quality (lower prevalence of PSE meat). Education of
abattoir personnel to better understand human-animal relationships, such as animal behaviour, practical
aspects of animal handling and the influence of handling practice on the animal welfare and on the meat
quality, as well as the use of alternative handling tools (sorting boards, rattle paddles and flags) would
reduce the deleterious effects of rough handling during unloading. Education programs for abattoir
personnel, which include training, evaluation of achieved knowledge and skills certification, should be
repeated regularly so that acquired knowledge can be renewed and upgraded.
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Abstract. Lipid oxidation that occurs in different types of food can cause alterations in
nutritional qualities, flavour, texture and shelf life of foods. Furthermore, high temperature
cooking of protein-rich food can lead to formation of heterocyclic aromatic amines capable of
compromising the integrity of DNA molecules. To reduce these harmful effects, research has
been focused on investigating plants as a source of potential natural food additives and
preservatives. Thus, the aim of this study was to estimate antioxidant and antigenotoxic activities
of 50% ethanolic-aqueous root and leaf extracts of the medicinal plant, Gentiana Iutea.
Antioxidative effect was investigated using the DPPH assay, while antigenotoxicity against the
mutagen 2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (PhIP) was determined using
Salmonella Typhimurium TA1535 in the SOS/umuC assay. Leaf extract showed high
antioxidative effect with the ability to neutralize up to 87% of free radicals at 400 pg mL"'.
Antigenotoxicity testing revealed that both extracts exhibited remarkable genoprotective activity
against PhIP-induced DNA damage, with the highest inhibition levels being 70% and 85% for
root and leaf extracts, respectively. Results obtained are encouraging and suggest further
research of G. lutea extracts as potential food preservatives and additives in improving food
quality and human health.

1. Introduction

It is a known fact that diet and dietary habits can affect human health on different levels. One of the
major problems when it comes to food safety is the free-radical mediated oxidation of foods that leads
to quality deterioration of foods and consequently to impairing human health. Even though numerous
synthetic antioxidants are used for food preservation, there are reports indicating the harmful effects of
these additives [1]. Another problem comes from mutagens derived from food. One of the important
classes of food mutagens are heterocyclic aromatic amines. These amines are formed during high
temperature processing of protein-rich foods and require metabolic activation by liver enzymes in order
to manifest their harmful effects. Their genotoxicity is manifested through forming covalent adducts
with DNA molecules or generating reactive oxygen species, consequently leading to damage of
biomolecules [2]. To counteract the negative effects of food oxidation and food mutagens, as well as to

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
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satisfy consumer desire for natural and organic food preservatives, research is more focused on
investigating different natural products as potential agents contributing to food safety.

It is well known that plants are an inexhaustible source of biologically active substances with various
potential pharmacological activities. For that reason, medicinal and aromatic plants are being explored
to a large degree as potential sources of effective, non-toxic and antioxidant compounds capable of
improving food quality [3].

Gentiana lutea, yellow gentian, is a well known medicinal plant, widely used in folk medicine, as
well as for the production of alcoholic and non-alcoholic beverages and pharmacological products [4].
Furthermore, rhizomes and roots of yellow gentian are used as an official drug by many pharmaceutical
companies for the treatment of mild gastrointestinal ailments [5].

Taking into account the above, the aim of this study was to investigate the antioxidant activity of
50% ethanolic-aqueous root (GLR) and leaf (GLL) extracts of G. lutea. Furthermore, the antigenotoxic
activity of extracts was estimated against 2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (PhIP)
mutagen produced in thermally processed meat.

2. Materials and Methods

Plant material was obtained from the Dr Josif Panci¢ Institute for Medicinal Plant Research, Belgrade,
Serbia, and extraction of plant material was done as previously described [6]. Antioxidant activity of
extracts was measured through their ability to scavenge free radicals by applying the DPPH assay as
described earlier [6]. Antigenotoxic effect of the extracts was investigated on the model organism
Salmonella Typhimurium TA1535/pSK1002 in the SOS/umuC assay as previously described [7]. Prior
to antigenotoxicity testing, a microdilution assay was done [7] and MIC values of the tested substances
were obtained in order to avoid total inhibition of bacterial growth in the SOS/umuC assay. Furthermore,
genotoxicity of extracts and PhIP mutagen was determined on S. Typhimurium in order to obtain non-
genotoxic and genotoxic concentrations of the extracts and mutagen, respectively. Genotoxic potential
was investigated without and with metabolic activation, provided by S9 fraction. After an appropriate
incubation period, bacterial growth ratio (G) was evaluated by measuring optical densities (OD) at
600nm and using following formula: G = sampleODgoo/controlODego. Evaluation of G was additionally
used to confirm lack of bacterial growth inhibition. A growth ratio less than 0.75 was selected as a
marker of bacterial cytotoxicity. By measuring the absorbances (A) at 405nm, the DNA damage
induction ratio (IR) was calculated using the formula: IR = (sampleA4ps/controlA4s)/G, and IR=2 was
selected as the threshold of genotoxicity.

Antigenotoxic activity of the extracts against PhIP was tested using non-genotoxic doses of the
extracts and in the presence of S9 fraction, since PhIP mutagen requires metabolic conversion.
Percentage of inhibition of PhIP-induced damage was calculated using the following formula: I (%) =
1-(IRc1/IRMm)*x 100, where IRct and IRm represent mean values of IR of co-treatment and sole mutagen
treatment, respectively.

Statistical analysis was done using GraphPad Prism 6.01 software and one-way ANOVA with
Dunnet’s post hoc test was applied to test statistical significance (p<0.05).

3. Results and Discussion

The ability of the extracts to scavenge free radicals, determined in the DPPH assay, revealed stronger
antioxidant activity of leaf compared to root extract (Figure 1). At the highest applied concentration
(400 pg mL™"), GLL extract scavenged up to 87% of DPPH radicals [6]. The high capacity of the gentian
extracts to neutralize free radicals is in line with previously published data [8, 9], confirming the good
antioxidant activity of G. lutea. In addition, the root extract of G. lutea successfully reduced lipid
oxidation and colour changes in beef patties [10], suggesting its potential as a food preservative.
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Figure 1. DPPH radical scavenging activity of G. lutea extracts

Results are expressed as mean values of neutralization (%)+standard deviations.
Ascorbic acid was used as positive control. GLR — root extract; GLL — leaf extract.

Furthermore, pre-screening of S. Typhimurium survival in the microdilution assay indicated that
concentrations up to 2.5 mg mL™"' and 50 ug mL"' for the extracts and PhIP, respectively, were non-
cytotoxic, and could be used for further genotoxicity testing. The absence of cytotoxicity of tested
substances was confirmed in SOS/umuC assay by determining the growth ratio (Figure 2).
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Figure 2. Effect of G. lutea extracts and PhIP on bacterial growth in SOS/umuC assay without (a)
and with (b) metabolic activation (S9)

Results are expressed as mean values of growth ratiotstandard deviations. DMSO (10%) was used as solvent
control; 4NQO (0.5 pg mL!) and B[a]p (50 png mL!) were used as positive controls. Red line positioned on 0.75
represents a threshold, below which the effect is considered cytotoxic. GLR — root extract; GLL — leaf extract.

Results of genotoxicity testing in the SOS/umuC assay showed that none of the extracts exhibited
genotoxic potential in the absence of metabolic activation (S9) (Figure 3a). On the other hand, after
testing with the addition of S9 fraction, both extracts showed genotoxic potential at certain
concentrations (Figure 3b), indicating that they act as promutagens, i.e. they require metabolic activation
in order to manifest their mutagenicity. As will be discussed below, the fact that the antigenotoxic agents
can act in certain conditions and high concentrations as mutagens is not rare. Considering PhIP, as
expected, it was only genotoxic in the presence of S9 fraction.
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Figure 3. Effect of G. lutea extracts and PhIP on induction ratio in SOS/umuC assay without (a)
and with (b) metabolic activation (S9).

Results are expressed as mean values of induction ratio+standard deviations. DMSO (10%) was used as solvent
control; 4NQO (0.5 pg mL™"') and B[a]p (50 pg mL™!) were used as positive controls. Red line positioned on 2
represents a threshold, above which the effect is considered genotoxic. Statistical significance in regard to DMSO
was tested using one-way ANOVA with Dunnet’s post hoc test (¥p<0.05). GLR —root extract; GLL — leaf extract.

In further work, only non-genotoxic doses of the extracts were used for antigenotoxicity testing
against PhIP, applied at a concentration of 12.5 pg mL™'. Results of antigenotoxicity revealed that both
extracts exhibited strong genoprotective activity (Figure 4). The highest inhibition of PhIP-induced
DNA damage was 70% and 85% for GLR and GLL, respectively. Similar results, in terms of
genoprotective effect, were recorded for the extracts of Gentiana asclepiadea and Gentiana cruciata
[11, 12]. It was shown that these extracts are capable of reducing DNA damage caused by hydrogen
peroxide and the mutagen ethyl methanesulfonate.
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Figure 4. Antigenotoxic potential of G. lutea extracts against PhIP (12.5 ug mL™") in the
SOS/umuC assay.

Results are expressed as mean values of induction ratio+standard deviations. DMSO (10%) was used as solvent
control. Red line positioned on 2 represents a threshold, above which the effect is considered genotoxic. Statistical
significance was tested using one-way ANOVA with Dunnet’s post hoc test; p<0.05, + statistical significance in
regard to DMSO; * statistical significance in regard to PhIP. GLR — root extract; GLL — leaf extract.

In our study, interestingly, both extracts were more efficient in reducing DNA damage at lower
concentrations. Furthermore, we detected dual genotoxic/antigenotoxic nature of extracts. Generally,
the extracts showed genotoxic effect when applied in higher doses, but at lower concentrations provided
strong protection against PhIP mutagen. This kind of result can be explained by the hormesis
phenomenon, which refers to situation where toxic substances provoke beneficial biological responses
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when applied in low doses [13]. In addition, the response curve in the form of the letter “J”, obtained in
our study, is not uncommon for antimutagenesis studies [14].

The strong genoprotective activity demonstrated in our study can be partially explained by free
radical scavenging activity of the extracts. Taking into account that PhIP can induce oxidative damage
to DNA [15], the observed antioxidant activity of the extracts surely contributed to the detected
antigenotoxicity. However, one should bear in mind that different secondary metabolites and
interactions between them, as well as other mechanisms, can be responsible for antigenotoxic potential,
which requires additional investigations.

4. Conclusion

Data obtained in this study indicate that 50% ethanolic-aqueous root and leaf extracts of G. lutea possess
good antioxidative activity and strong capacity to reduce DNA damage induced by the thermally
produced heterocyclic aromatic amine, PhIP. These results are promising and recommend further
research of yellow gentian as a potential natural food preservative. However, the observed dual
genotoxic/antigenotoxic effect of the extracts cannot be excluded and requires additional investigation
in order to ensure the safe usage of G. lutea in the food industry.
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Abstract. The development of sustainable feed ingredients for monogastric livestock is
now also considering insect products. Although the regulation on the use of insect
products differs among countries, resulting in restrictions on use in poultry diets, global
research is exploring all the strengths and weaknesses of their inclusion. The scientific
literature has extensively studied the relationship between insect-containing diet and
effects on ante-mortem factors in fish and poultry, however the relationship between
insect-containing diet and meat quality has only recently been considered. This review
aims to collect the results of the studies that have related the dietary use of some insect
species, such as the black soldier fly (Hermetia illucens), the yellow mealworm
(Tenebrio molitor) and the silkworm (Bombyx mori), on the physicochemical and
sensory traits of poultry meat. The insect source in poultry diets rarely changed the
related physicochemical variables or the sensory profile of the meat, whereas the fatty
acid (FA) profile was the variable that was most affected, and inclusion of black soldier
fly always resulted in meats with a more saturated FA profile, yellow mealworm in a
more monounsaturated FA profile, whereas silkworm produced meat with a more
unsaturated FA profile, rich in valuable omega-3 FA.

1. Introduction

Statistics about demographic trends depict that by 2050 the world population should reach 9.1 billion
people. This scenario is putting pressure on the search for alternative and sustainable feed resources,
and among them insects, for the livestock sector [1]. In addition to the above reason, the use of insects
in avian species feeding is supported by the fact that about 80% of birds are reported to include insects
in their diets [2]; such birds include chicken (Gallus gallus), turkey (Meleagris gallopavo), guinea fowl
(Numida meleagris), quail (Coturnix coturnix), and ostrich (Struthio camelus), which are species of
interest for food production in different regions of the world [3,4,5,6].

To exploit their maximum potential as feed ingredients, insects are processed to obtain whole insect
meal (full-fat), protein meal (PAPs) which can be defatted or contain some proportion of lipids
according to the extraction method, and fat/oil. The fatty acid (FA) profile of insect lipids can be very
extreme: two examples are the black soldier fly (Hermetia illucens; BSF) and the silkworm (Bombyx
mori; SW). The fat extracted from BSF larvae contains 60-79% saturated fatty acid (SFA). Conversely,
the SW chrysalis is very rich in omega-3 PUFA [7], and its oil presents a favourable n-6/n-3 ratio of
0.17 (personal communication). Thus, combining full-fat or partially defatted insect meal from different
species could help ensure the best FA profile for animal feed [8]. The amino acid profile also differs
between the different species of insects; in the case of the yellow mealworm (Tenebrio molitor; TM)
larva, the content of all individual amino acids was found to be higher than that of barley, fish, brewer’s
yeast, beef/veal, and crustaceans, except for lysine, which was slightly higher in brewer’s yeast [9].
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Research studies conducted so far have tested a wide range of levels of substitution (5-100%, mainly
substitution of fishmeal or soybean meal) or inclusion (0.75-60%) of insect meal, to find the best level,
to cover nutrient requirements and to maximise growth and health performance, and product quality
from farmed aquatic and terrestrial animals [10].

2. Insects in poultry feeds and meat quality

The effects of including dietary insect products (larva meal, pre-pupa meal, oil) on the quality of food-
producing terrestrial animals have been studied mainly in poultry. The purpose of this review is to
provide updated literature on the use of insect-based products as feed for poultry broilers, detailing the
effects on the physico-chemical-sensory quality of the meat obtained. The review will consider the BSF
(Hermetia illucens), the TM (Tenebrio molitor), and the SW (Bombyx mori), the first two for the greatest
commercial interest in the EU, the third because it is potentially interesting in improving the dietary-
nutritional value of meat.

2.1 Dietary inclusion of black soldier fly (Hermetia illucens) and meat quality

The BSF larva is one of the most commonly used organisms for aquaculture and one of the best studied
for both aquaculture and poultry feeding. The BSF larva averagely contains 43.1+5.05 g protein/100 g
dry matter (DM), and the amino acid profile is rich in leucine (6.72 g/100 g protein), lysine (6.22+1.08
0/100 g protein), and valine (5.38+0.82 g/100 g protein). Nutritionally important is also its contribution
in calcium (24.1£12.8 g/kg DM) and phosphorus (6.01+1.77 g/kg DM) [11]. As aforementioned, the
amount of larva fat and its FA profile are extremely variable and depend on the type of substrate. A
description of the results obtained on the meat quality of poultry is provided below. Based on humerous
studies (Table 1), the BSF as meal or fat in poultry diets has no [12,13,14,15,16,17,18,19,20,21] or
limited influence [14,15,20,21,22,23] on physical meat quality (pH, colour, water holding capacity
(WHC), shear force) of broiler chicken, quail, Barbary partridge, and Muscovy duck. Similarly, the
poultry meat proximate composition also showed variable results, and they do not seem related to the
insect meal inclusion level. Differences in meats’ nutrient composition were mainly observed as more
protein content [15,23], lowered [18] or increased [16,24] essential amino acids, and for enrichment in
minerals, like calcium [24], sulphur [22], and copper [13]. In general, the sensory evaluation of poultry
meat derived from animals fed diets supplemented with BSF did not differ from that obtained from
control diets [14,17,24]. Instead, the BSF inclusion as meal or fat had a major contribution in modifying
the FA profile of the lipids in the poultry meat [13,14,15,16,18,20,22,23,24,26,27]. The FA profile of
the meat of monogastric animals is in line with the pattern of that of their diet, and the BSF (whatever
its form) is rich in SFA, which make up approximately 70% of the total FAME, of which 43% constitutes
C12:0 [21]. Therefore, it follows that the proportion of SFA in meat increases as a function of the dietary
inclusion level of the BSF. In the majority of cases, this implies a worsening of the n-6/n-3 ratio [16],
but either insect defatting or defatting their food substrate might not change [22] or could improve [18]
the omega-6/omega-3 ratio. If the FA profile of the meat is changed by the inclusion of the BSF in the
poultry diet, changes in the lipid oxidation of the meat is also expected. However, most of the studies
did not observe changes in the oxidation of meat lipids in animals fed BSF [13,24,26]. However it is
interesting to note that [12] observed a significantly low TBARS value in fresh meat after 7 days of
refrigerated storage, and authors attributed it to the improved antioxidant activity (measured through the
DPPH radical scavenging activity) of the meat due to the inclusion of the BSF in the diet.

2.2. Dietary inclusion of yellow mealworm (Tenebrio molitor) and meat quality

The yellow mealworm (TM) larva meal is considered a nutritionally suitable substitute for fishmeal and
soybean in aquaculture and poultry diets, although its cost is currently too high and it cannot financially
compete with standard feed sources. It should be emphasised that the strength of this feedstuff, therefore,
lies in the high protein content (Nx6.25: 56-61%), characterised by a high biological value, as it includes
all the essential amino acids in favourable proportions. Furthermore, it is a rich source of phosphorus
[11] and potassium [9]. The fat (25-30% of TM meal) contains approximately 24% saturated FA, 24%
polyunsaturated FA, and 50% monounsaturated FA, resulting in an omega-6/omega-3 ratio of 24 [9].
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Contrasting results were obtained for physicochemical traits of meat from chicken broilers, apparently
not depending on the inclusion level of TM meal (Table 2). However, the majority of the studies did not
observe change in the meat pH, colour, moisture loss, shear force or fatty acid profile [28,29,30]. Instead,
[31] observed that WHC, lipid and ash contents, TVB-N and sensory attributes worsened as the level of
TM in the diet increased, and the authors partly attributed this trend to the possible presence of oxidised
fat in dried insect meal. On the other hand, no other studies, testing higher TM inclusion levels, found
adverse effects on sensory traits; on the contrary, [32] observed an improvement in meat juiciness and
tenderness. When other poultry species were considered, such as Barbary partridge [20] and quail [33],
no substantial differences in the meat physicochemical traits were observed due to the use of moderate
to high levels of TM in the diet. Only meat colour changed in both bird species, although with an unclear
pattern. The FA profile of the Barbary partridge meat was significantly affected by the dietary TM
inclusion, particularly at the higher substitution level (50% of the soybean meal) [20]. FA changes
resulted in the reduction of the C18:0 and omega-6/omega-3 ratio and the increase of C14:0, C15:0,
C16:1, and C18:1 (P<0.05).

2.3. Dietary inclusion of silkworm (Bombyx mori) and meat quality

The silkworm pupa is characterised by high protein content (53.9% in the full-fat meal, 66.7% in the
defatted meal), by a variable amount of lipids (29% in the full-fat meal, 9.5% in the defatted meal), the
latter able to provide an extremely healthy FA profile (omega-3 FA: 29.5% and 31.5% total FAME, in
the full-fat and defatted meal, respectively), suggesting that it is a valuable nutritional ingredient for
feed of different monogastric livestock species [7]. Silkworm pupa meal has been successfully included
in chicken broiler diet (Table 3), as it produced no effect on colour values, lipid content [34] or on
sensory attributes [28,32] of the meat. A slight effect was observed in lipid content (3.56 vs. 4.48% for
leg meat of control and treated broilers, respectively) in the study of [28] and in protein and ash contents
(however, differences were not coherent with the inclusion level; [34]). Meat pH increased with the SW
meal inclusion level, but it did not impair meat colour [34]. The best result for the dietary inclusion of
SW pupa meal in chicken diets concerns the FA profile of the meat lipids: the PUFA n-3 increased, and
the omega-6/omega-3 ratio decreased with the increase of the dietary SW meal substitution level
(P<0.01). The C18:3 n-3 content in breast meat ranged from 6.75 to 15.0 to 28.4 mg/100 g meat, for
control, 25% and 50% SW meal inclusion levels, respectively (P<0.05; [34]).
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Table 1. Effect of dietary inclusion of black soldier fly on broiler meat quality.

Item Avian Insect  Substitution Inclusion Impact References
species form level range level range
(%) (%)

pH, cooking loss?, shear force! chicken  meal 0.5-1.0 NS [12]
50-75 NS 14
5-15 NS [15]
Colour: 2, TBARS?, DPPH radical chicken meal 0.5-1.0 P<0.05 [12]
scavenging 25-50 P<0.05 122
5-15 P<0.05 2[15]
pH% 2, colour®?, lipid oxidation, chicken meal 5-20 NS [16]
cooking loss, shear force 5 P<0.05 23]
50-75 P<0.05 [14]
Amino acid, FAP profiles chicken meal 5-20 P<0.05 [16]
FA profile chicken meal 25-50 NS [22]
5 P<0.05 [23]
50-75 P<0.05 [14]
5-15 P<0.05 [15]
Mineral profile chicken meal 25-50 P<0.05 [22]
Proximate composition chicken meal 5 P<0.05 [23]
50-75 NS [14]
5-15 P<0.05 [15]
Sensory evaluation chicken meal 50-75 NS [14]
pH, colour, WHCE, proximate chicken meal 5-15 NS [17]

composition, amino acid, FA and
mineral profiles, sensory evaluation

FA profile chicken fat 100 P<0.05 [25]
50-100 P<0.05 [26]
50-100 P<0.05 [27]

pH?, thaw loss, proximate chicken fat 50-100 NS [26]

composition!, TBARS NS 27

Cholesterol chicken fat 50-100 P<0.05/NS [26]

Sensory evaluation chicken fat 50-100 NS [26]

pH, colour, total moisture loss, shear quail meal 10 NS [18]

force, heme iron, shelf life

Proximate composition, cholesterol, quail meal 10 P<0.05 [18]

amino acid, FA profiles, sensory

evaluation

pH, colour, WHC, shear force quail meal 25-100 NS [19]

Proximate composition, sensory quail meal 10-15 NS [24]

evaluation, cholesterol, TBARS

Mineral, FA, amino acid profiles quail meal 10-15 P<0.05 [24]

pH, cooking loss quail meal 10-15 P<0.05 [21]

Colour, shear force, amino acid profile quail meal 10-15 NS [21]

pH, shear force, cook loss, proximate Barbary  meal 25-50 NS [20]

composition partridge

Colour, FA profile Barbary meal 25-50 P<0.05 [20]

partridge

pH, colour, proximate composition, Muscov meal 3-9 NS [13]

TBARS y duck

FA profile, mineral profile Muscov ~ meal 3-9 P<0.05 [13]

y duck

aTBARS=Thiobarbituric acid reactive substances; °FA= fatty acids; "WHC=water holding capacity
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Table 2. Effect of dietary inclusion of mealworm on broiler meat quality.

Item Avian Insect  Substitution Inclusion Impact  References
species form  level range level range
(%) (%)
Proximate composition, sensory chicken meal 17 NS [28]
evaluation
pH, colour, WHC?, proximate chicken meal 1-3 P<0.05 [31]
composition, TVBNP, sensory
evaluation
pH, colour, drip loss, proximate chicken meal 7.5 NS [29]
composition, FAC profile
pH, colour, WHC, shear force chicken meal 2-8 NS [30]
Sensory evaluation chicken meal 8.1 P<0.05 [32]
pH, shear force, cook loss, Barbary meal 25-50 NS [19]
proximate composition, partridge
cholesterol
Colour, FA profile Barbary meal 25-50 P<0.05 [19]
partridge
WHC quail meal 7.5-30 NS [33]
Colour quail meal 7.5-30 P<0.05 [33]

aWHC=water holding capacity; "TVBN=Total volatile basic nitrogen; °FA= fatty acids

Table 3. Effect of dietary inclusion of silkworm on broiler meat quality.

Item Avian  Insect Substitution Inclusion Impact Reference
species  form level range level range S
(%) (%)
Proximate composition, sensory evaluation  chicken meal 17 NS [28]
Colour chicken meal 25-50 7-14 NS [34]
pH, proximate composition, FA? profile chicken meal 25-50 7-14 P<0.05 [34]
Sensory evaluation chicken meal 7.8 NS [32]

aFA= fatty acids

3. Conclusions

The great economic impulse towards the use of insects as food and feed for ecological-environmental
sustainability purposes has generated new companies producing insect meal and derivatives. A flywheel
of interest has therefore been generated on several fronts, and the use of these products increasingly
requires confirmation of safety and efficacy. In the last five years, much research has been conducted
relating to the use of insects for alimentary use. Many of these studies aimed at the feed sector, which,
however, has mainly considered the effect of their use on animal ante-mortem variables, whereas the
study of the effects on nutritional, rheological and sensory quality of the meat has only intensified
significantly in the last two years. This review focused on collecting and describing the results of
research conducted so far on the effect of insects as feed on the meat quality of avian species. The results
showed different effects, more depending on the insect species used than on the avian species that
benefited from them. Overall, no adverse effects were observed on meat quality. Only the meat’s FA
profile was affected by the insect species included in the diet, suggesting its improvement through
manipulation of the insect substrate, or the use of mixtures of insect meal or oil from different insect
Species.
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Abstract. The incorporation of protein- and fibre-rich ingredients into starch-based extruded
snacks is of interest for obtaining healthy products. However, development of this type of
product has been limited, since protein and dietary fibre have negative effect on textural
properties of extruded snacks. In the present study, response surface methodology was used in
order to evaluate the effect of different ratios of mechanically deboned poultry meat (MDPM)
and brewer’s spent grain (BSG), as well as screw speeds, on hardness, firmness and crispiness
of the extrudates produced. Regression analysis showed that BSG and screw speed had
significant effects on all textural parameters, while MDPM had a significant effect only on the
crispiness of snack products.

1. Introduction

Extrusion is a complex process consisting of continuous mixing, kneading, cooking, shearing, forming
and/or puffing of the material [1]. Numerous products for the snack industry have been obtained by low
moisture extrusion processes. Typically, commercial snack products are made of cereal flours and
starches, and further seasoned with oil slurries. Thus, the products obtained usually have high fat and
carbohydrate contents, and low percentages of proteins and fibres, i.e. are of low nutritional quality [2].
Moreover, in recent years, the prevalence of common diseases associated with poor nutrition, such as
obesity, diabetes and cardiovascular disease, is rising, and hence, demand for healthier and nutritionally
richer snack products has been evolving [3]. Extruded snack products are often consumed, especially by
children and adolescents [4,5], and improvement of their nutritional quality could bring healthy diets
closer to these younger populations. Since extrusion is flexible technology, different ingredients could
be incorporated in order to improve protein, fibre and mineral contents.

Ingredients that could be used for protein fortification of extruded blends are whey protein, soy
concentrate, pea protein, meat, and even insects [6-9]. To increase fibre content, different authors
utilized different fibre-rich ingredients, such as wheat bran, rice bran, corn bran, wheat fibre, cauliflower
by-products, apple and tomato pomace, etc. [10—12]. However, addition of protein and fibre sources has
an influence on textural properties of extruded snack products. Increase of these two components lowers
the expansion, and smaller sized pores are formed. Beside taste, the texture is the most important
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parameter regarding consumer acceptability of snack products; hence it is crucial to obtain the desired
texture of snacks [13]. Nevertheless, there are limited data explaining the influence of mechanically
deboned poultry meat (MDPM) and brewer’s spent grain (BSG) levels on textural properties of corn-
based extruded products. MDPM is a low-cost turkey and/or chicken product, produced by mechanical
separation of bone and attached skeletal muscle [14]. BSG is a nutritionally valuable by-product of the
brewing industry, rich in protein (20%) and fibre (70%) [15]. Furthermore, the texture of snack products
is also influenced by processing conditions. It has been suggested that screw speed is the process
parameter with the most significant influence on the textural properties [16].

Having in mind the above, the aim of this study was to investigate the influence of different
percentages of BSG and MDPM and different screw speeds on the texture of extruded snack products.

2. Materials and Methods

2.1. Raw materials

For the production of extruded snack products, the following four ingredients were used: cornmeal
(6.5% protein; 0.59% fat; 0.31% ash; 79.6% carbohydrate; 5.73% dietary fibre), MDPM (15.8% protein;
14.98% fat; 0.95% ash; 0.1% carbohydrate; 0% dietary fibre), BSG and salt. BSG was dried in a
convection dryer D-018 Solaris + (Dryer d.o.o. Belgrade Serbia) to meet the target moisture level of
around 5.0% and milled in a hammer mill (ABC InZenjering Serbia) equipped with a Imm sieve. The
proximate composition of BSG after drying was: 19.1% protein; 5.58% fat; 4.38% ash; 65.94%
carbohydrate; 45.59% dietary fibre.

2.2 Experimental design and data analysis

The independent variables selected for the study were: MDPM content (X1), 4, 8 and 12%; BSG content
(X2), 10, 20 and 30%, and; screw speed (X3), 500, 700 and 900 rpm. The actual values are presented in
Table 1. The response variables were: hardness, firmness and crispiness. Using Response Surface
Methodology (RSM), based on a Box-Behnken design, a second-order polynomial regression model
(Equation 1) was established to fit the experimental data (P < 0.05). In Equation 1, by represents the
intercept (constant), b; the linear, bj; the quadratic and bj the interaction effect of the factors, and Y
represents response. From the fitted equations, response surfaces were generated.

Y= bo+ Xb; X;+ Xby X5+ XY by XiX; O

2.3 Sample preparation and extrusion process

The blends were prepared following experimental design (Table 1) by mixing cornmeal, MDPM and
BSG in appropriate proportions in a bowl cutter SMZ 20/82 (Alexanderwerk, Germany). Each mixture
contained 2% salt, and moisture content was set to 18%. The extrusion process was performed using a
co-rotating twin-screw extruder of 880 mm length (model BTSK30, Buhler, Uzwil, Switzerland) of L/D
ratio 28:1. The temperature profile was set at 100°C (zone 2-4) and 120°C (zone 6-7). Extrusion was
conducted at a constant feed rate of 50 kg/h, with the three different screw speeds. At the end of the
extruder, a circular die with an aperture diameter of 4 mm and six knives rotating with a constant speed
of 350 rpm were mounted. After extrusion, snacks were dried for half an hour at room temperature,
sealed in paper and plastic bags and stored.

2.4 Textural properties

Textural properties (hardness, firmness and crispiness) were analysed using a TA.XT2 Texture Analyser
(Texture Technologies Corp., Scarsdale, NY/Stable MicroSystems, Godalming UK) equipped with 250
kg load cell. Hardness and firmness of the extrudates were measured in 15 probes according to methods
described by Paula and Conti-Silva [17] — a compression test (aluminium cylinder probe of diameter 25
mm) and a cut test (Warner-Bratzler V-shaped cutting blade). Measurements of crispiness were repeated
five times, using 5-blade Kramer shear cell [18].
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Table 1. Experimental design for extrusion experiments with coded and
actual variable levels

Process variables

Run X1 X2 X3
MDPM (%) BSG (%) Screw speed (rpm)
1 4(-1) 10 (-1) 700 (0)
2 12 (+1) 10 (-1) 700 (0)
3 4(-1) 30 (+1) 700 (0)
4 12 (+1) 30 (+1) 700 (0)
5 4(-1) 20 (0) 500 (-1)
6 12 (+1) 20 (0) 500 (-1)
7 4 (-1) 20 (0) 900 (+1)
8 12 (+1) 20 (0) 900 (+1)
9 8 (0) 10 (-1) 500 (-1)
10 8 (0) 30 (+1) 500 (-1)
11 8 (0) 10 (-1) 900 (+1)
12 8 (0) 30 (+1) 900 (+1)
13 8 (0) 20 (0) 700 (0)
14 8 (0) 20 (0) 700 (0)
15 8(0) 20 (0) 700 (0)

3. Results and Discussion

The regression coefficients and analysis of variance for the analysed responses in hardness, firmness
and crispiness are presented in Table 2. All the evaluated parameters showed an adequate adjustment
with values of R?in range of 0.91 to 0.99, and coefficients of variation between 4.71 and 9.08. None of
the models showed significant lack of fit, indicating that all the second order polynomial models
correlated well with the measured data.

Table 2. Regression coefficient and analysis of variance for textural properties of extruded snack

products
Coefficient Hardness Firmness Crispiness

Intercept 13.71%* 67.45% 169.42%*
bi <-0.01 2.25 -5.01%*
b 0.23* 2.70%* -6.19%*
b3 -0.01%* -0.04* -0.01%*
bi2 <0.01 <-0.01 0.11
bis <0.01 <0.01 <0.01
b3 <0.01 <0.01 <-0.01*
b 0.03 -0.32 0.10
b2 <-0.01 -0.06* 0.14*
b33 <0.01 <-0.01 <0.01
P of F (model) 0.03 <0.01 <0.01
Lack of fit 0.60 0.33 0.05
R? 0.91 0.97 0.99
CV (%) 9.08 6.96 4.71

The effects of the process variables on hardness, firmness and crispiness are shown in Figure 1 (A,
B, C, respectively). Hardness and firmness showed similar response plots. The values of hardness and
firmness ranged from 5.82 to 10.76 kg and from 38.28 to 78.24 N, respectively. These textural
parameters did not change with MDPM increase, while increase of the percentage of BSG in the snacks
promoted hardness. These results were in accordance with results of Stojceska et al. [12], showing that
inclusion of BSG, a fibre-rich material, caused a rise of extrudates’ hardness. It has been shown that
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increase of fibre content results in less expanded and more compact structure, thus increased hardness
and firmness [7]. Furthermore, some authors suggested that proteins also cause less expansion of
extruded products [19], while others showed that addition of proteins in certain amounts can actually
increase expansion of extrudates [20]. In the present research, MDPM as a source of protein did not
have any significant influence on hardness and firmness, but only on crispiness. Hardness and firmness
were negatively influenced by screw speed, i.e. they decreased as screw speed rose, similar to reports
published earlier [9,12]. The crispiness of our extrudates varied between 64.25 and 135.1 (peak counts),
and it was also slightly influenced by the percentage of MDPM in the snacks. Crispiness was negatively
correlated with BSG, especially observed at high screw speeds. These results confirm the suggestion
that fibre and protein often lead to less crispy products [7]. Furthermore, addition of fibre and proteins
results in less starch in the mixture, which is the ingredient most responsible for the puffing of the snack
[21], and more expanded products are characterized by lower hardness and higher crispiness [11]. Screw
speed had a mild positive effect on crispiness of extrudates, which became more intensive when the
percentage of BSG was low.

gy

N Avern - - L

Figure 1.Response surface plots for the effect of MDPM, BSG and screw speed on the
hardness (A), firmness (B), crispiness (C)

4. Conclusion

Response surface plots showed that hardness and firmness were highly influenced by BSG and screw
speed, while hardness and firmness did not change significantly with the percentage of MDPM in the
snack mixtures. Hardness and firmness increased with addition of BSG, but decreased with rising screw
speed. On the other hand, crispiness was affected by all three independent variables. BSG had the most
intensive effect on crispiness. A greater percentage of BSG in snack mixtures led to less crispy product,
while increase of screw speed, when snack mixture contained 10% BSG, had a positive effect on
crispiness. The presented study is encouraging for the development of healthy alternatives to the
currently available commercial snack products that have poor nutritional value.
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Abstract. This study gives on overview of food safety tools that have been developed
recently through the perspective of the animal origin food supply chain. It introduced
some expected food safety legal issues, new technological outbreaks, food safety culture
outlined in latest versions of food safety management system standards and tools
applicable for the entire supply chains. Finally, the paper briefly shows some incentives
associated with food safety and Covid-19 as well as the role of UN Sustainable
Development Goals in animal origin food.

1. Introduction

Food safety as a concept intertwines with two ends of the pipeline — safety of food (as a product) and
fulfillment / management of various food safety requirements from the farm to the fork. General food
law outlines that “in order to ensure the safety of food, it is necessary to consider all aspects of the food
production chain as a continuum from and including primary production and the production of animal
feed up to and including sale or supply of food to the consumer because each element may have a
potential impact on food safety.” [1]. On the other hand, international food safety management system
(FSMS) standards define food safety as assurance that food will not cause any (health) harm to the
consumer when prepared and/or consumed according to its intended use [2, 3]. Based on the above, four
main dimensions of food safety upscaled from food to the food supply chain can be recognized, Figure
1.

y Food
y | Food supply
Food safety chain

Food process system

Figure 1. Four food safety dimensions
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The aim of this paper is to provide an insight into food safety tools associated with each of the four
dimensions that have been developed recently through the perspective of the animal origin food supply
chain. In parallel, it provides an “out of the box™ perspective of food safety in terms of the on-going
pandemic caused by the coronavirus SARS-Cov-2, Covid-19 and UN Sustainable Development Goals.

2. Animal origin food

It is well-known that production of animal origin food is subject to high levels of (self)control and (self)
inspection, as animals and animal origin food can transmit a variety of food borne diseases to consumers
[4]. In that sense, a vast set of regulations is put into force to control safety of meat and dairy products,
mainly focused on controlling maximal allowable values of potential chemical and microbial hazards,
including the presence of toxic elements in food packaging. The microbiological criteria providing
guidance on the acceptability of foodstuffs, is a good example [5]. Another issue of interest mainly
associated with meat is its cancerogenic risk as outlined by the International Agency for Research on
Cancer that analyzed 800+ epidemiological studies associating 15+ types of cancer with consumption
of meat and meat products [6]. This caused many pro and con campaigns related to meat in human diets,
where the cancerogenic and environmental issues were opposed to nutritional advantages of meat.

As healthy diets are in focus during the last decade, the pursuit of dietary health benefits led to
development of new/modified food labels covering various nutritional and health claims. However, this
raised another challenge as investigated in a study from 28 countries revealing three main variations:
different labeling of various nutrition/health claims; modifications in authorization procedures and
different levels of using scientific opinion [7]. Finally, an interesting response to the aflatoxin crisis that
affects not only maize but also the milk supply chain was to implement an aflatoxin-safe certification to
enable consumers’ healthy food choices [8].

3. Food processes in animal origin food companies

When it comes to technological issues associated with the companies producing animal origin food, two
development directions arise: (i) usage of non-thermal food processing technologies and (ii)
implementation of Food Industry 4.0.

Non-thermal food processing technologies have different types of action, depending of the source of
energy transfer and can be divided as: (a) technologies based on mechanical action; (b) electro-magnetic
field-based technologies and (c) pressure-based technologies [9]. The main advantage of these new
processing technologies is assurance of safety of the products [10]. Research is mainly focused on
microbial inactivation, food safety and preservation while retaining quality of the obtained products.
Use of these technologies, besides achieving microbial inactivation [11-13], provides some nutritional
improvements [14-16] due to decreased processing time and prevention of negative effects of heat.

Examples are the use of ultrasonic power in an attempt to examine the oxidation of beef proteins [17]
or the use of ultrasound in reducing the microbial load in milk [18]. However, the use of different types
of non-thermal food processing technologies due to their novelty and different technological readiness
levels, meaning they are not fully covered by (food) legislation. An example of change is from Health
Canada, which analyzed a great number of ready-to-eat meats, raw meats, and egg products processed
with high pressure processing and concluded that such foods should no longer be considered as novel
foods [19].

(Food) Industry 4.0 is recognized as a combination of internet-oriented technologies and smart
systems enabling advanced communication between each part of the system and improved human-
machine interaction systems [20]. Further applications are expected in terms of implementing smart
sensors, artificial intelligence and big data into food industry [21]. There are cases of partial
implementation of Food Industry 4.0, like in maintaining the cold chain using 10T temperature sensors
[22]. 1tis well known that the cold chain is vital in keeping meat safe, as low temperatures inhibit growth
of microorganisms [23].
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4. Food safety systems in animal origin food companies

Although there are many FSMS standards, the ones recognized by the Global Food Safety Initiative as
most appropriate for the animal origin food supply chain are FSSC 22000, BRC and IFS [24]. They
consist of three basic parts: prerequisite programs (PRPs), hazard analysis and critical control points
(HACCP) and management requirements needed to upscale HACCP to a food safety management tool.
Serbian meat and dairy companies prefer ISO 22000 as opposed to IFS/BRC [25, 26]. Their outcome in
implemented FSMS is overseen in increased safety of food and higher levels of hygiene in
establishments with an operative HACCP in place. Once HACCP became mandatory in meat
establishments, it directly improved all process hygiene indicators, outlined in significant reductions of
hygiene indicator organisms on all types of meat contact surfaces [27]. Another interesting perspective
has been observed in animal origin food companies regarding quality management systems, where most
of the companies interpret food quality as having the same importance as food safety [28].

Food safety culture is a new perspective of FSMS, where BRC is one of the international standards
that promotes this new requirement. It is defined as attitudes, values and/or beliefs at site associated with
the importance of food safety [3]. In parallel, scholars outlined five components necessary to asses this
food safety perspective as follows: leadership, communication, commitment, resources and risk
awareness [29]. A study performed in Central and Eastern Europe shows that bigger companies have
higher levels of food safety culture as opposed to small companies [30, 31]. The same study confirmed
that country of origin (EU vs. non-EU) is the greatest influencer in adopting food safety culture, mainly
because the EU is putting into force more extensive FS legislation. Finally, this study identified that
companies operating in the animal origin sector have a lower level of FSMS in place, as opposed to
similar studies in Europe where FSMS in this sector, due to food safety risks, were on a higher level
[32].

5. Animal origin food supply chains

When food safety is elevated to a supply chain perspective, different tools are developed in analyzing
various food safety risks. One tool is the concept of food safety objectives, developed to prevent or
minimize exposure of the consumer to any type of food hazard [33]. It employs techniques, or models
applied from the farm to the fork considering all kinds of variations and changes associated with
ingredients, process steps, distribution, and final food preparation (at home or in food service
establishments). It provides a value, such as the appropriate level of health protection, whereby it
calculates the maximum frequency and/or concentration of a food safety hazard in food at time of
consumption with the aim of achieving public health goal(s) [34].

A second tool is to perform an exposure assessment. This is a quantitative measurement of health
risks associated with a food hazard, whereby it is necessary to calculate occurrence of a specified hazard
in food on one hand and to analyze consumption of food in a population based on consumption surveys
on the other hand [35]. This has been used in the case of aflatoxin in milk and dairy products, where the
results obtained become usable for all stakeholders in the dairy chain continuum for their decision
making and/or developing risk mitigation strategies [36, 37].

6. Out of the box

Since the World Health Organization (WHO) announced that Covid-19 is a public health emergency of
international concern [38], all aspects of life, including food supplies have been affected. To help food
companies, the WHO developed a guidance document supporting scientific belief at the time of
publishing [39]. As coronaviruses do not have the potential to survive on food products or food
packaging [40], the European Food Safety Authority specified that food should not be considered as a
risk and/or transmission route [41]. In order to challenge food safety during the pandemic, an
international survey assessed food companies’ responses to the pandemic [42]. Results of interest
highlight that maturity of a FSMS was correlated with the response to the pandemic, where companies
operating in the animal origin food companies were identified as companies having only basic but still
effective food safety, with staff awareness and hygiene as the most important PRPs.
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Another dimension of interest encompasses the 17 Sustainable Development Goals (SDGs) adopted
by the United Nations within its 2030 Agenda [43]. Eight out of 17 SDGs are correlated with food and
food systems [44], where SDG12 'Responsible consumption and production' and SDG 13 'Climate
action' are goals highly associated with animal origin food. The livestock sector with its environmental
impacts uses natural resources and causes environmental pollution [45] but also affects climate change
[46, 47]. Upscaling to the animal origin supply chain, climate change effects occur at farms [48], affect
meat and dairy production [49, 50] and end at households [51, 52].

As a result of these environmental impacts, the Food and Agriculture Organization defined
sustainable diets as “diets with low environmental impacts which contribute to food and nutrition
security and to healthy life for present and future generations” [53]. However, the pressure on changing
dietary habits as a response to climate change affected by meat and other animal origin food, is still
more theoretical that observed in every-day life. This kind of research focuses on analyzing effects of
meat/dairy replacements, with plant-based substitutes. Such models reveal the potential of changing
eating patterns and decreasing environmental impacts [54]. Although there are diets that exclude
consumption of animal origin food such as veganism, raw foodism or fruitarianism, still a large majority
of the human population eat (safe) animal origin food regularly or occasionally [48].

7. Conclusion

The entire animal origin supply chain is recognized as a sector directly or indirectly involved in the
majority of food safety issues. Great efforts and developments are observed in all parts of the supply
chain, downscaled to meat/dairy products and/or upscaled to the entire supply chain. In spite of more
demanding requirements, required by new challenges such as Covid-19 and UN Sustainable
Development Goals, this sector still manages to deliver safe food to consumers all around the world.
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Abstract. This study provides an engineering approach in modelling the first bite. Based on the
mechanical properties of grilled pork meat obtained by applying compression and Warner
Bratzler tests and using the Finite element method, a 3D model of cubic pieces has been created.
It was then used for simulating the first bite of pork meat grilled at two temperatures and three
positions of the jaws. Stress distribution during impact of upper and lower jaw shows growth of
internal stress in the direction of jaw movement, leading to crack development and breaking of
meat.

1. Introduction

Meat is a postmortem skeletal muscle tissue of animals [1] and is subject to a variety of physiological
and biochemical changes after slaughter [2]. It is a combination of muscle fibres, intramuscular
connective tissue and intramuscular fat [3]. The complexity of meat depends on various parameters,
such as species/breed, age and muscle position in the carcass [4]. Meat and meat products are complex
systems and can be referred to as matrices of interacting components that can be determined by processes
and forces operating at the micro-scale [5].

The finite element method (FEM) is an engineering tool, increasingly used in food science. As such,
it is capable of analysing and modelling the deformation behaviour of food by solving complex
mechanical problems [6]. In meat science, it has been used mainly for analysing mass/heat transfer [7-
9], with no studies simulating the first bite. The aim of this research was to measure mechanical
properties of grilled pork meat and, based on the results, perform a first-bite modelling simulation using
the FEM.

2. Materials and methods

Pork meat (m. longissimus dorsi) was purchased locally in Zemun, Serbia, and grilled using two pre-
defined grilling regimes (T1 - medium, T2 - long) in a Tefal grill (OptiGrill+). To control the processes,
two temperatures were monitored: (i) in meat centres using a digital thermometer (Trotec GmbH - Model
BT20, Germany) and (ii) on the surfaces of meat using an infrared thermometer (TES-1327KUSB). To
calculate density for both grilling temperatures, 30 samples of grilled meat were cut into cubes of exact
measured length, width, and thickness (measured with a digital vernier calliper) as well as mass
(measured using an analytical balance (OHAUS Adventurer — Model AR2140, USA) [10].
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2.1. Mechanical properties

Mechanical properties of the grilled meat cubes were determined by performing compression and
Warner-Bratzler shear tests. All samples had cubic dimensions (20x20x20 mm), and both tests were
performed in 15 replicates. Grilled pork meat was cubed using thin-bladed sharp knives to minimize
damage to the fibres and taking into account their direction [11].

Compression test was conducted on a Brookfield CT3 Texture Analyser using the following settings:
test speed - 1 mm/s, trigger load - 10g, target mode - 30%, cylindrical probe - 50.8 mm diameter. Warner-
Bratzler shear test was conducted on a TA.XT plus Texture Analyser, under the following parameters:
test speed - 1 mm/sec, target mode - distance (21 mm), sample shape - rectangular, selected probe -
HDP/WBYV, load cell - 50 kg. Both tests were performed on all three planes of each cubic meat sample
(Figure 1).

Figure 1. Orthogonal isometric view of a cubic meat sample used for 3D modelling - grilling
surface (xOy plane); direction of fibres parallel with the z-axis

Using previous works of Vallespir, Rodriguez, Eim, Rossell6 and Simal [12] and Nieto, Vicente,
Hodara, Castro and Alzamora [13], true stress and strain were calculated (Equations 1 and 2,
respectively). Rupture stress (or) and strain (er) were extracted from the first peak of the stress-strain
curve, while Young’s modulus (Ed) was calculated for the common linear part of the stress-strain curve,
as presented by Djekic, llic, Guiné and Tomasevic [14], Equation 3.

__F@x (H, — HWD) (1)
K A, * H,
H, )
l -
=My T AH
R ®)
E; =—
d en
Legend: F(t) — force at time t; H, — initial sample height; AH — height difference; H(t) — height at time t; A,

— sample area.

Although meat could be considered as an anisotropic material, for the purpose of this study, the
authors assumed the following: (i) grilled meat is an orthotropic material, with three perpendicular
planes of material property symmetry (Figure 1); (ii) during compression tests, expansion of meat in the
direction perpendicular to the specific loading direction is equal in the other two planes with constant
volume before and after loading; (iii) the Poisson’s ratio is the ratio between the transversal (lateral)
strain and the longitudinal strain (vij = -gj/ei), Where vij corresponds to an expansion in direction “when
compression is applied in direction “.
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2.2. First bite simulation

Cubic 3D solid models of grilled meat were created using SolidWorks Simulation FEM code. For mesh
construction, tetrahedral solid element type was used with 50,406 elements and 71,869 nodes as
proposed by Wang and Sun [15], who modelled roasted meat with four-node tetrahedral elements. Our
simulation assumed the following: (i) 3D model is a 20x20x20 mm cube (ii) first bite is perpendicular
to the longitudinal direction of fibres and parallel to the x-axis; (iii) first bite force was assumed as the
value obtained from WB test divided by two, considering the upper and lower jaws.

Simulations were performed for three positions of the first bite calculated as line pressures 20 mm
long and assuming tooth width of 1 mm. The positions were in the middle of the biting plane (10 mm
from each edge); biting at one third (6.67 mm) from one edge, and at one quarter (5 mm) from one edge,
Figure 2.

a) Upper b) Upper | o | c) Upper | o
jaw* 10mm jaw 6.67mm jaw*Smm

Lower+ Lower + Lower*
jaw jaw

jaw

20mm 20mm 20mm
Figure 2. Front view of the positions of upper and lower jaws in the simulated 3D models

3. Results and discussion

From Figure 1, the meat’s grilling surface was set on the plane perpendicular to fibres that were parallel
to the z-axis. For grilling temperatures T, and T, values in the centre of the product were 74.6°C and
90.6°C, while on the surface, values were 263.4°C and 272.1°C, respectively. The density of meat grilled
at the lower temperature was 1.23 g/cm® compared to 1.17 g/cm® obtained for the higher grilling
temperature.

Firmness values obtained by the Warner-Bratzler Shear Force test show increase with the increase
of grilling temperature (64.5 N compared to 79.3 N). This test measures the maximum force needed to
cut off a meat sample [16], so the authors used these values as the biting force for first-bite modelling.
Rupture stress, €, was between 0.06 kPa and 0.08 kPa for T1 and between 0.06 kPa and 0.07 kPa for T,
calculated for all three directions. Rupture strain, o, in the three directions ranged between 3.4 and 6.7
for Ty and 5.4 and 7.3 for T.

Values of Young’s modulus in the three directions also increased with the increase of grilling
temperature, so the obtained values were between 54.3 and 75.3 kPa (T1) and 111.1 and 148.8 kPa (T>).
Finally, Poisson’s ratio was between 0.319 and 0.491. This concurs with some previous studies that
reported Poisson’s ratio of meat and meat products between 0.2 and 0.49 [17, 18]. As most soft tissues
are roughly incompressible (Poisson’s ratio up to 0.49), this justifies our assumption that when a material
is compressed axially (in one direction), it expands laterally in the other two directions [19, 20].
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Figure 2. Stress distribution during impact of upper and lower jaw shown for the six models: a)

pork meat T1 — X/2; b) pork meat T, — x/2; ¢) pork meat T1 — x/3; d) pork meat T, — x/3; €) pork

meat T, — x/4; f) pork meat T, — x/4. Colour scale bar indicates gradient areas (from maximum
to minimum) of von Mises stress (N/mm?) in the direction of pressure.

Based on the Warner-Bratzler values, the pressures applied at first bite were 1.61 N/mm? for T; and
1.98 N/mm?for T,. According to the FEM simulation, higher values for von Mises stress were obtained
for the higher grilling temperatures (1.522 N/mm? — 1.567 N/mm? for T as opposed to 1.397 N/mm? —
1.417 N/mm? for T4), showing slight differences regarding the position of the teeth during biting.

Based on the results, this study shows potential in predicting deformations during the first bite [21].
This is notable, since grilled meat has different particle size fragmentation distributions during
mastication and before swallowing [22]. The mechanical characteristics of meat directly influence
behaviour during oral processing, such as the number of chews, consumption time per bite, chewing
cycle, average bite size and/or eating rate [23].
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4. Conclusion

This research highlights the potential of using FEM to simulate the first bite of meat and is one of the
first of its kind that has tried to connect mechanical properties in modelling the first bite. Results show
growth of internal stress in the direction of jaw movement, leading to crack development and breaking
of meat. The highest values are in the area of teeth pressure, and as such, lead to the conclusion that
upon biting, the meat structure will suffer irreversible damage dividing the grilled meat in two, as
happens during the first bite.
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Abstract. The present study evaluated the levels of Mn, Se, Cu and Zn in beef cuts available at
markets in Serbia. We also assessed the risk associated with the consumption of these foods
based on the estimated daily intake (EDI) of these elements. Thirty-six beef meat cuts were
analysed using inductively coupled plasma mass spectrometry (ICP-MS). The EDI of all the
studied elements was estimated on the basis of a calculation of the amount of beef consumed by
Serbian households (mean beef consumption of 17.2 g/person/day). The studied beef cuts pose
no risk with respect to the EDIs of Mn, Se, Cu and Zn. Among the four studied beef cuts, shoulder
had the highest content of dietary zinc (68.2 mg/kg).

1. Introduction

The chemical hazards in food of animal origin (meat and meat products) are different [1] and they
are severe public health concern all over the world. The concentrations of elements in animal tissues
depend on the age and sex of animals, chemical composition of meat, sampling season (hunting), and
nutrition [2-4]. In recent years, concern has arisen in the EU regarding adjustment of mineral
supplementation to actual physiological needs of animals, as large loads of trace elements (mainly Cu
and Zn) are occurring in the environment [5].

On the other hand, it is common knowledge that consumption of meat has been an important
component of the human diet for a long time, as it provides highly bioavailable elements required for
normal development and health [6, 7]. In this context, meat is an important source of energy and
nutrients, including proteins, minerals (manganese (Mn), zinc (Zn), copper (Cu), iron (Fe) etc.) and
vitamins (B12, folic acid). Minerals contained in meat, in comparison with those present in plants, are
more easily absorbed [8]. Consequently, the determination of essential elements in all types of food,
including meat and meat products, is necessary for quality assurance and consumer health protection.

Meat consumption is based largely on availability, price and tradition. The consumption data of meat
and meat products worldwide are presented in Table 1 [9]. In Serbia, poultry is the most commonly
consumed meat type per capita (18.7 kg), followed by pork (18.5 kg) and beef (6.3 kg) in 2019 [10].

Mn, selenium (Se), Cu, Zn and other major elements are essential micronutrients that need to be
consumed in adequate amounts to maintain normal physiological function [11]. Small quantities of these
elements are vital for growth and development and they can be obtained through a balanced diet. [12].
Mn is a cofactor for many enzymes and it is involved in amino acid, cholesterol, and glucose and other
carbohydrate metabolism [13]. Se is a constituent of more than two dozen selenoproteins that play
critical roles in reproduction, thyroid hormone metabolism, DNA synthesis and protection from
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
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oxidative damage and infection [14]. Cu is a cofactor for several enzymes (known as cuproenzymes)
involved in energy production, iron metabolism, neuropeptide activation, connective tissue synthesis
and neurotransmitter synthesis [15]. Zn is involved in numerous aspects of cellular metabolism, supports
normal growth and development during pregnancy, childhood, and adolescence and is required for
proper sense of taste and smell [16].

Table 1. Meat consumption worldwide and by continent in 2017 [9]

Meat Consumption (kg/per capita/year)*

Type of Meat World Africa America Asia Europe
Bovine 9 5.63 27.83 4.68 14
Mutton and goat 1.86 2.49 0.62 1.93 1.75
Pork 15.7 1.48 18.65 15.18 35.75
Poultry 15.18 6.21 41.94 9.71 24.59
Others 0.84 1.43 0.65 0.55 1.84
Total 42.58 17.24 89.69 32.05 77.93

The lack of information on the concentrations of trace elements in beef cuts in Serbia was the main
reason to carry out the present study. In this context, this work evaluated the levels of Mn, Se, Cu and
Zn in such food. The obtained results were compared with the literature data from other countries. In
order to assess exposure to trace elements through the consumption of beef cuts, the daily and weekly
intakes were calculated and compared with the nutritional limits.

2. Materials and Methods

2.1. Sample collection

A total of 36 different beef cuts (beef steak, hind leg, shoulder and neck) commercially available in
Serbia were collected during 2020. After collection, meats were labelled and stored in polyethylene bags
and frozen at -18°C prior to analysis.

After acid mineralization of homogenized beef cuts, microwave digestion (Digestion System:
Milestone, Sorisole, Italy) was used for sample preparation. Analysis of Mn, Se, Cu and Zn 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 1577¢c
(bovine liver, Gaithersburg, MD, USA).

2.2. Estimated daily intake

Nutritional exposure to the examined trace elements was calculated by estimation of the daily intake
(EDI). The daily intake (DI) of each measured element in beef cuts was calculated used the following
equation:

DI (mg) = [D (g) X Celement (Mg kg'l)]/1000

where DI is the daily intake (mg), D is the average Serbian per capita daily consumption of beef (17.2
) [10] and Celement is the concentration of element (mg kg™) detected in beef cut.
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EDIs were expressed in mg/kg bw day was calculated according to the following equation:
EDI = DI (mg) / kg bw = mg/kg bw day
where bw is individual’s body weight (bw; assumed to be 70 kg).

The calculation of the EDI is the same as the provisional maximum tolerable daily intake (PMTDI).
The PMTDI value is the permissible human exposure of a substance in food and drinking water [17].
Hazard quotients (HQs) for Mn, Se, Cu and Zn in the analysed samples were calculated according to the
following equation:

HQ [%] = [EDlcaic / PMTDI] x 100

where EDlcac is the EDI found in this study, and PMTDI is the established provisional maximum
tolerable daily intake (PMTDI) (Table 2)

Table 2. Provisional tolerable weekly intake (PTWI) and provisional maximum tolerable daily
intake (PMTDI) of essential elements (Mn, Se, Cu and Zn)

Elements PTWI PMTDI References

Mn 49.7 pg/kg bw/week 500 pg/day (7.1 pug/kg bw/day)” NRC, 1989 [18]

Se 30.1 pg/kg bw/week 300 pg/day (4.3 pg/kg bw/day) EFSA, 2006 [19]

Cu 3.5 mg/kg bw/week 0.5 mg/kg bw/day WHO, JECFA, 26 (1982) [20]
Zn 7 mg/kg bw/week 1 mg/kg bw/day WHO, JECFA, 26 (1982) [20]

“bw — assumed to be 70 kg
3. Results and discussion

3.1. Levels of Mn, Se, Cu and Zn in four beef cuts
The results obtained for Mn, Se, Cu and Zn levels in four different beef cuts are presented in Table 3.

Table 3. Mn, Se, Cu and Zn levels (mean + SD") in selected pork cuts

Levels (mg/kg)
Beef cut n** Mn Se Cu Zn
1 Beef steak 7 0.110+£0.049  0.088+0.052 0.783+0.206 46.068+17.335
2 Hind leg 16 0.131+£0.054  0.1794+0.054 0.743+0.310 42.286+14.616
3 Shoulder 6 0.126+0.061  0.081+0.051 0.826+0.164 68.165+15.119
4 Neck 7 0.146+£0.050  0.088+0.045 0.829+0.282 58.055+16.016

“SD — standard deviation; ““n — number of samples

The lowest and the highest Mn levels, respectively, in beef cuts were 0.110 mg kg™ in beef steak and
0.146 mg kg™ in neck. Mn contents in the literature have been reported in the range of 0.076-0.15 mg
kg™ in beef cuts [21] and 0.10-1.6 mg kg™ in beef, beef with vegetables and beef breakfast samples [22].

The level of Se in beef cuts from this study was in the range 0.081-0.179 mg kg™. Se contents in the
literature have been reported in similar ranges. BilandZi¢ at al. [21] established the Se level as between
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0.087 mg kg™ (neck) and 0.21 mg kg* (shoulder) in different beef cuts. Se contents in beef meat products
have been reported in the range of 0.08-0.8 mg kg™ [22, 23].

The Cu levels in beef cuts (0.743-0.829 mg kg™) in this study were close to Cu levels in beef cuts
available to the population in the Croatian capital (0.61-0.84 mg kg™) [21]. De Sousa Ramos et al. [24]
established the Cu content was 0.883 mg kg™ in beef hamburger. Similar Cu levels were established in
beef with vegetables (0.89 mg kg™) and beef breakfast (0.71 mg kg™) [22].

Beef is considered to be a source of Zn with very high bioavailabity [25], although the zinc level
depends on the meat cut. This study showed that the lowest and the highest Zn levels, respectively, in
beef cuts were 42.286 mg kg™ in hind leg and 68.165 mg kg™ in shoulder. In the literature, Zn levels in
beef cuts varied between 38.8 and 56.3 mg kg™ [21, 22, 24, 26].

3.2. Daily intake (DI) of trace elements

The average DI (pg/day) of Mn, Se, Cu and Zn estimated for the four beef cuts for an adult in Serbia
are reported in Table 4.

Table 4. Dietary intake, DI (ug/day) of the trace elements Mn, Se, Cu and Zn in beef cuts

Dietary intake, DI (pg/day)

Beef cuts Mn Se Cu Zn

Beef steak 1.892 1514 13.468 792.370
Hind leg 2.253 3.079 12.780 727.319
Shoulder 2.167 1.393 14.207 1172.438
Neck 2.511 1514 14.259 998.546

The mean average DI was 2.21, 1.88, 13.68 and 922.67 pg/day for Mn, Se, Cu and Zn, respectively.
In the case of Zn, beef shoulder provides the highest intake of this element out of the four selected beef
cuts (1172.438 pg/day). However, the DI of Se was the lowest from shoulder (1.393 pg/day), whereas
the highest DIs of Mn and Cu were from neck.

3.3. Estimated daily intake (EDI) and hazard quotients (HQs) of trace elements

Figure 1 shows the EDI of Mn, Se, Cu and Zn, and their comparisons, considering the average Serbian
per capita consumption of beef (17.2 g/person/day) [10].
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Figure 1. Estimated daily intake (EDI) of Mn, Se, Cu and Zn and their comparisons.

The findings of this study show that the EDIs (ug/kg bw/day) of the analysed trace elements differ
widely. It is not possible to directly compare our EDI to those reported in the literature since our study
was based on the intake from only one type of food. Among the four beef cuts in this study, shoulder
had the highest content of dietary Zn (68.2 mg/kg) and, consequently, the highest EDI (Figure 1). EDIs
for Mn and Se fell in a similar range, while the EDI of Cu was from six- to ten-fold higher than EDIs
for Mn and Se.

Table 5 shows the hazard quotients (HQs) of Mn, Se, Cu and Zn, expressed as % of the calculated
EDI in this study out of the PMTDI, recommended values set by NRC, EFSA and WHO (Table 2).

Table 5. Hazard quotients (HQs) of the trace elements Mn, Se, Cu and Zn

Hazard guotient, HQ (%)

Beef cuts Mn Se Cu Zn

Beef steak 0.38 0.50 0.04 1.13
Hind leg 0.45 1.02 0.04 1.04
Shoulder 0.44 0.46 0.04 1.67
Neck 0.51 0.50 0.04 1.43

The HQs obtained were between 0.04 % (in all four beef cuts) and 1.67% (Zn, shoulder). This shows
that the obtained EDIs of Mn, Se, Cu and Zn, which refer to beef consumption by the Serbian population,
are much lower than the provisional maximum tolerable daily intakes (PMTDI). Hence, element levels
in examined four beef cuts were within safe limits.

4. Conclusion

This is a rare study to have determined the intake of trace elements (Mn, Se, Cu and Zn) from beef in
the population in Serbia. The levels of the four elements in commonly consumed beef cuts (beef steak,
hind leg, shoulder and neck) were determined. The results obtained show trace element ingestion from
beef sources was acceptable for human consumption at nutritional levels.
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antibiofilm effect against Staphylococcus aureus
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Abstract. Contamination by numerous food-borne pathogens is a major challenge facing the
food industry daily. Even though there are many strategies in the fight against contamination,
pathogens able to attach to different surfaces and form biofilms are the biggest concern.
Staphylococcus aureus is a common food-borne pathogen capable of forming biofilms on foods
and food contact surfaces. The prevalence of multidrug resistant S. aureus is high in raw
products, high-protein foods and processed products. Bearing in mind S. aureus resistance to
numerous antibacterial agents, the aim of this study was to investigate antibiofilm activity of an
ethyl-acetate extract of the medicinal plant, Frangula alnus, against S. aureus ATCC 25923 and
S. aureus ATCC 43300. It was demonstrated that extract reduced survival of both tested strains
by up to 67%. Furthermore, quantification of biofilm biomass showed that extract possesses the
extraordinary ability to inhibit biofilm formation of both tested strains (up to 91%). On the other
hand, the effect on preformed biofilm was less pronounced and measured only for S. aureus
ATCC 43300, wherein about 28% of preformed biofilm was eradicated. The results obtained in
this study encourage further investigation of F. alnus as a novel antibiofilm agent or preservative
in the food industry.

1. Introduction

Microbial contamination is the major problem in the food industry that leads to spoilage or
contamination of food and, consequently, affects human health. This kind of contamination is
unavoidable, since products in any step of processing could be in contact with microorganisms [1].
Pathogenic bacteria could exist and grow on equipment used in the food industry, which allows it to
enter food, causing problems in food processing, packaging and consumption.

Despite all preventive measures, good hygiene and disinfection procedures, formation of biofilm by
food-borne pathogens is a serious obstacle to safe food. Biofilms are dynamic microbial communities
bound to biotic and abiotic surfaces and embedded in self produced extracellular polymeric substances
(EPS). The biofilm formation is a complex process that begins with adhesion of planktonic cells to
surfaces, followed by their growth and EPS production, resulting in mature biofilms [2]. The biggest
issues with biofilms are that they are difficult to eradicate and bacteria in this form are very resistant to
adverse events and environments. Furthermore, biofilms could serve as a source for cross-contamination
of food, reducing the effectiveness of food processing and quality of food [3].
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Among many bacteria present in food and able to form biofilms, Staphylococcus aureus is a very
important food-borne pathogen and a leading causative of food-borne diseases around the globe. It can
easily contaminate high-protein food such as eggs, milk, raw and cooked meat and soybean products
[4]. In addition, the ability of S. aureus to form biofilms improves its survival on food-contact surfaces
and the environment. Furthermore, S. aureus in biofilm is chronic source of contamination, since the
dispersed cells from the biofilm can continue contaminating food and, thus, interfere with further food
chain processes [5]. S. aureus has the main advantages of forming multilayered biofilm and being highly
resistant to numerous antimicrobial agents.

In order to keep food being contaminated and to extend its expiration date, chemical disinfectants
and preservatives are widely used in the food industry. However, constant use of these agents contributes
to rapid increase of bacterial resistance and to the agents’ harmful effects [6]. Natural products, such as
extracts obtained from medicinal plants, could be safe alternatives to synthetic antimicrobial agents.
Since plants have a wide diversity of secondary metabolites, plant extracts possess a number of
biological activities that potentially could be exploited [7]. Frangula alnus is an interesting, traditionally
used medicinal plant with various biological activities, among which its antibiofilm potential is poorly
investigated [8].

Taking the above into account, the aim of this study was to investigate the antibiofilm activity of an
ethyl-acetate extract of F. alnus against the food-borne pathogen S. aureus.

2. Methods

In this study two bacterial strains were used: methicillin sensitive (MSSA) S. aureus ATCC 25923 and
methicillin resistant (MRSA) S. aureus ATCC 43300. Firstly, in order to investigate the effect of ethyl-
acetate extract of F. alnus on bacterial survival, extract was two-fold diluted in Mueller Hinton Broth
(MHB) in 96-well microtitre plates and bacterial inoculum (10* CFU/mL) was added. After 24h
incubation, optical density was measured at 600nm (ODgoonm) On a microplate reader (Multiskan FC,
Thermo Scientific, Shanghai, China). Tested concentrations of extract were in the range 0.031 mg/mL
to 2 mg/mL. Antibiofilm testing included the effect of extract on biofilm formation and on preformed
biofilms. The effect was quantified by crystal violet (CV) staining of biofilm biomass as described
earlier [9]. Concentrations that were tested were selected based on previously published minimal
inhibitory concentrations (MICs) of extract and were in range 1/16xMIC to MIC for biofilm formation
and 1/2xMIC to 4xMIC for biofilm disruption [9]. Statistical analysis of data was done by applying
GraphPad Prism 6.01 Software (Software, Inc) using one-way ANOVA with Dunnett’s post hoc test.
Data of antibiofilm testing are presented as mean valuetstandard deviation of three independent
experiments done in hexaplicate.

3. Results and Discussion

The results obtained by measuring the ODgoonm showed that F. alnus extract had a strong effect on
bacterial survival of both tested strains (Figure 1). The highest inhibition for S. aureus ATCC 25923
was at concentration 0.5 mg/mL (up to 60% inhibition), while for S. aureus ATCC 43300 the highest
inhibition was 67% (0.0625 mg/mL). These results are in accordance with some studies that
demonstrated antibacterial activity of F. alnus extracts at slightly higher concentrations [8, 10].
Differences in reported results could be attributed to extraction procedures, the use of different solvents
as well as to growth conditions of plant which could interfere with its chemical composition. In addition,
a potentially hormetic dose response was observed in both S. aureus strains. The hormesis response is
known as a response of cells to different agents that can be either beneficial or detrimental, and which
have specific, U-shaped dose dependence [11].
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Figure 1. The effect of F. alnus extract on S. aureus A) ATCC 25923 and B) ATCC 43300
survival. * statistical significance p< 0.05

Furthermore, quantification of biofilm biomass revealed that F. alnus extract possesses an
extraordinary ability to inhibit biofilm formation of both tested F. alnus strains in a dose-dependent
manner. Biofilm formation of S. aureus ATCC 25923 was inhibited by 34.2 to 91.6 % at all tested
concentrations, while for S. aureus ATCC 43300, inhibition was in range 32.8 to 73.6% (Table 1). It is
well known that F. alnus is traditionally used because of its high amount of anthraquinones, and Lee et
al. (2016) showed the inhibitory activity of this group of secondary metabolites against S. aureus
biofilms [12]. Thus, the demonstrated antibiofilm activity of ethyl-acetate F. alnus extract could be
attributed to these compounds. Moreover, it is interesting to note that subinhibitory concentrations of

extract were successful in inhibiting biofilm formation, which is in line with a study describing this
phenomenon for natural products [13].

Tablel. The effect of F. alnus extract on biofilm formation by S. aureus strains

S. aureus % of inhibition

strain 1/16xMIC 1/8xMIC 1/4xMIC 1/2xMIC MIC
ATCC 25923 34.2+0.04 56+0.13* 50.7+0.05% 84.1+0.14+ 91.6+0.24*
ATCC 43300 32.840.06 34.3+0.09 35.5+0.07* 71.6+0.09+ 73.6+0.11*

*statistical significance p< 0.05

On the other hand, the effect on preformed biofilm was less pronounced. Eradication potential was
observed for S. aureus ATCC 43300, with eradication up to 28% at the MIC (Table 2). In contrast, for
S. aureus ATCC 25923, a significant increase in biofilm biomass was observed at 2xMIC and 4xMIC
(Table 2). Such result could be explained by the fact that some substances could trigger a stress response
in biofilms, which leads to the production of extracellular polymeric substances, resulting in increased
biomass [14]. Since that extracellular matrix is a means of biofilm resistance, increase of biofilm
biomass could be considered as an adaptive response to the F. alnus extract [15].

Table 2. The effect of F. alnus extract on preformed biofilms of S. aureus strains

S. aureus strain % of total biofilm biomass

1/2xMIC MIC 2xMIC 4xMIC
ATCC 25923 106.8+0.07 107.2+0.3 135.24+0.5* 143+0.09%
ATCC 43300 85.5+0.17* 71.7£0.16% 74.9+0.15% 74.54+0.4*

*statistical significance p< 0.05
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4. Conclusion

According to the results obtained in this study, ethyl-acetate extract of F. alnus showed strong ability to
prevent biofilm formation by both tested S. aureus strains. Concerning the results, it is obvious that the
inhibitory effect is strain and dose specific. Bearing in mind the problem of food contamination that
food industry faces, this biofilm inhibitory activity is of a great importance. However, additional studies
are needed in order to apply F. alnus as a natural disinfectant or preservative in the food industry and to
improve food safety.
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Abstract. Lactic acid bacteria (LAB) have acted in food fermentations through the ages due to
their safety and resilience to specific harsh conditions of high salinity or low pH present in
food and gut where they live. Their interaction with human technological development started
in food but goes beyond, as some LAB contribute to the health of humans and animals as
probiotics. The stress tolerance of LAB also makes them excellent, robust industrial
microorganisms for production of lactic acid and other chemicals. The lactic acid market has
had a high growth rate in the last decade mainly due to expansion of poly-lactide production.
Poly-lactides are biocompatible, thermostable and biodegradable polymers of lactic acid,
suitable for use in food packaging or in medicine, as scaffolds, implants or delivery systems.
The ability of LAB to grow on complex waste substrates but efficiently produce selected
isomers of lactic acid has positioned them at the core of bio-based packaging production, and
this field is expected to grow in the future. Therefore, LAB are important for food — for
preservation, flavour and packaging, but also beyond food — as probiotics, paraprobiotics and
postbiotics. Recent trends in these fields of LAB application are analysed in this work.

1. Introduction

Fermentation was a turning point in food consumption and, consequently, in human history. It prevents
food spoilage, human hunger and undernourishment and decreases food wastage [1]. This spontaneous
process was the first application of biotechnology for safer, healthier and longer available nutritious
food, which contributed to the change from hunter-gathering human communities towards agricultural
society [2]. Today, fermented food consumption is rising, as is interest from the scientific community
in new ways to apply fermentation as a processing method [3].

Lactic acid bacteria (LAB) are largely responsible for many traditional food fermentations since
the dawn of consumption of these foods. All LAB have the common metabolic characteristic of
producing lactic acid, and that has been the criterion to categorise a very diverse group of
microorganisms as LAB. Taxonomically, Lactobacillus and 22 new related genera [4], Lactococcus,

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY 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 1


mailto:adjukic@tmf.bg.ac.rs

61st International Meat Industry Conference IOP Publishing
IOP Conf. Series: Earth and Environmental Science 854 (2021) 012025  doi:10.1088/1755-1315/854/1/012025

Enterococcus, Streptococcus, Pediococcus, Leuconostoc and Weissella genera are most often
considered LAB [5].

Representatives of LAB are used as starters, surrogates, probiotics, paraprobiotics and postbiotics
in food research and technology, but LAB as industrial microorganisms are also used to produce lactic
acid in biorefineries. LAB can use variety of substrates rich in fermentable sugars to grow and
stereoselectively produce L(+) or D(-) lactic acid isomer for synthesis of FDA-approved polymers —
poly-lactides [6]. This puts LAB in a unique place to be used as live or inactivated microorganisms in
food and food supplements but also, as industrial microorganisms that can convert food waste and
similar complex substrates into important compounds for food, chemical and other industries. As end
products, poly-lactides are used for packaging, from nanocapsulated ingredients to disposable caps in
the food industry, and from stents to scaffolds in medicine, because of their biocompatibility and
thermostability [7]. Thus LAB are highly important microorganisms for the circular economy
processes that are expected to dominate production in the next decades.

2. Lactic acid bacteria in food

Lactic acid bacteria in food are present as starters to provide acidity, preserve food and contribute
to flavour. When applied as starters, production of acids and other antimicrobial compounds (peroxide,
bacteriocins, etc.) plays a key role in food preservation [8,9] while proteolysis and exopolysaccharide
production mainly affect food texture [10—12]. Very comprehensive reviews on LAB as starters [5,13],
particularly in the dairy [8] and meat [14] industries are available, and commercial formulations
contain mostly Lactobacillus, Lactococcus and Streptococcus species. However, artisanal and
traditional production of fermented food depend on much wider microbial communities of LAB called
non-starter LAB [15,16]. Recent advances in molecular diagnostics equipped scientists to study more
deeply the microbiota of fermented food and feed. Processing of feed, through ensiling for example,
also depends on naturally occurring microbiota and often results in the variable quality of the final
silage [17]. In depth studies are expected to give new strains soon to be applied in industry, particularly
for vegetable based food [18], which is increasing in market share. The need to adequately classify
fermented food and feed is recognised by relevant bodies with the aim to stimulate and regulate the
fermented food market [3].

Metabolic pathways in LAB are the result of an interplay between the abundance of nutrients
present in their natural habitat — food or human gut — and stressors naturally existing in these
environments, for example high salinity, very low pH or bile salts. The ability of LAB to survive
microbial stress involves the “stressome” [19], which makes these bacteria robust enough for industrial
application, but also makes them suitable as surrogates in challenge tests. With rising application of
non-thermal technologies, LAB are often used to test and optimise treatment conditions, for example
food preservation by pulsed electric field [20,21]. With generally recognised as safe (GRAS) status,
LAB can be used without hampering or compromising food safety during product development.

3. Lactic acid bacteria beyond food

One subgroup of LAB has positive effects that go beyond safety or flavouring of food — these are
probiotic bacteria. Probiotics are: “live microorganisms that, when administered in adequate amounts,
confer a health benefit on the host” [3,22]. Not all LAB are probiotics, but probiotic LAB should
potentiate food functionality, being a valuable contribution even in the treatment of some diseases.
The main requirements for probiotic bacteria are to apply them live and to provide evidence about
their health benefit for the host, while fermented food does not need to show any effect over the
nutritional value of the food matrix. This is the main difference between fermented food and probiotic
fermented food. However, evidence is accumulating that even cell components of probiotics or
inactivated whole bacteria could provide health benefits to the host [23,24]. These findings open space
for new types of products derived from probiotic bacteria — postbiotics and paraprobiotics. Postbiotics
are defined as soluble compounds that can be produced by probiotic bacteria or released after the
inactivation and lysis of bacteria [25,26] — enzymes, bacteriocins, organic acids, peptides,
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exopolysaccharides etc. Paraprobiotics are inactivated probiotic bacteria which still affect human
health in positive manner [27], but also can have some technological advantages over live bacteria —
like lower susceptibility to contamination and better process control [28]. These are new concepts in
food supplementation introduced in the last five years, but exploited previously in traditional food
production, and all rely, firstly, on efficient biotechnological production of LAB biomass.

4. Lactic acid bacteria for food

Selected strains of LAB can produce L(+) or D(-) lactic acid with very high stereo-specificity of above
95% [29] on complex substrates like food wastes, by-products or residues, and which cannot be
achieved in chemical processes. This is particularly important for production of poly-lactides.
Physicochemical characteristics of poly-lactides are determined by the proportion of L(+) or D(-) lactic
acid in the polymer [30], so the ability to produce one selected isomer over a racemic mixture has
pushed LAB fermentation to dominate lactic acid’s production routes.

Poly-lactide production will consume approximately 50% of all lactic acid produced until 2025, as
the main driver of lactic acid demand [31]. This creates pressure to provide sufficient amounts of
substrates for LAB fermentation without competing with food production. LAB can effectively use
complex waste substrates and by-products rich in fermentable sugars like food waste or agricultural
waste. When LAB are used for lactic acid production, the biomass remaining after fermentation could
be valorised as high value feed additive [32]. However, to achieve high lactic acid yields on
lignocellulose-rich substrates, which are by far the most abundant in nature, it is necessary to use
genetically engineered strains or to perform a variety of treatments to release fermentable sugars into
the fermentation media. Technological challenges limit faster adoption of novel substrates for lactic
acid fermentation, but also, environmental impacts have to be thoroughly examined in order to select
the best approach. For assessment of overall sustainability, chemical routes for poly-lactide production
and processing also play an important role, but a very limited number of studies have addressed this
issue. Integrative studies on lactic acid production from alternative substrates and consecutive poly-
lactide production and processing are limited [30], but it is evident that new value chains for bio-based
plastics are in the making. Recent legislation, like the Circular Economy Action Plan 2020 [33], will
drive the field forward and clarify the path for best practices, more sustainable production and better
end-of-life solutions in future.

5. Conclusions

LAB as safe microorganisms have found many roles in supporting human societies for millennia. They
enabled some degree of food safety, contributed to metabolism of food and supported our health
mainly through the gut. In the future, LAB will be further exploited, particularly in the production of
functional fermented food, with our extended knowledge on microbial communities present in
traditional production. Randomised clinical studies are needed for analysis of health benefits and more
evidence-based applications of probiotics, paraprobiotics and postbiotics.

In biorefinery, the current challenge is to provide enough substrate for lactic acid fermentation by
LAB due to the high demand for lactic acid. New legislation stimulates the circular economy and
supports creation of new value chains, which can expand the contribution of bio-based polymers
beyond their current market share of just 2%. Poly-lactides will play significant roles in packaging
production in the future, especially for high end applications, as poly-lactides are FDA-approved.
LAB-based processes will have to be soon expanded to more abundant substrates like lignocellulose,
with technological advancements including substrate treatments, strain adaptions and innovations in
process design.
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Abstract. The Food and Agriculture Organization (FAO) predicts there will not be enough food
for human and animal nutrition until 2050. Global demand for animal protein for human
consumption is increasing, and this consequently increases the price of these ingredients. This
will open several challenges to provide enough animal feed. In the European Union, the use of
processed animal proteins in pig and poultry diets is prohibited due to the bovine spongiform
encephalopathy (BSE) legislation, while globally, the land availability for soy cultivation is
limited. The European food market is dependent on huge import of soybean, which is the main
source of valuable proteins and one of the main ingredients in feeds. Feed ingredients must not
contain antinutritive factors that would adversely affect animal production and must have an
acceptable price. Some of the alternative plant sources of protein are fava beans, peas, lentils,
hemp, different grain seeds, etc. To find alternative sources of protein of animal origin scientists
are increasingly investigating the use of worm, snail or grasshopper meals and also marine
organisms, usually algae, shells or starfish. Single cell proteins are a specific kind of protein
from different microbial sources, including microalgae, yeast, fungi, and bacteria.

1. Introduction

The Food and Agriculture Organization (FAO) predicts there will not be enough food for human and
animal nutrition in the world until 2050. According to prediction, the production of meat (poultry, swine,
and beef) will increase almost two times [1]. However, global demand for animal protein for human
consumption is increasing, and this consequently increases the price of these ingredients. This will open
several challenges to the global capacity to provide enough animal feed. However, in the European
Union, the use of processed animal proteins in pig and poultry diets is prohibited due to the bovine
spongiform encephalopathy (BSE) legislation, while globally, the land availability for soy cultivation is
limited. The European food market is dependent on the huge import of soybean, which is the main
source of valuable proteins and one of the main feed ingredients [2]. Researchers over the world are
investigating the possibility of using other sources of protein for animal nutrition.

The most widely used protein sources in livestock production (monogastric animals) are corn,
soybean meal, sunflower meal (cake) and rapeseed cake. From this point of view, plant species
characteristic of an area can significantly reduce production costs, especially for small producers, and
could be a source of alternative protein of plant origin. They must not contain anti-nutritive factors that
would adversely affect animal production and must have an acceptable price. Some of the alternative
plant sources of protein are fava beans, peas, lentils, hemp and different grain seeds. To find alternative
sources of protein of animal origin for animal nutrition, especially in organic production systems,
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scientists are increasingly investigating use of worm, snail, or grasshopper meal and also marine
organisms, usually algae, shells, or starfish. Animal protein meals are good sources of essential amino
acids, especially lysine and methionine, energy and minerals (calcium and available phosphorus) [3].
Insects can be sustainable alternative sources of protein, particularly if they are grown on biological
waste substrates. In that way, they can effectively convert low-quality wastes into high-quality proteins.
The main obstacles to animal-based protein use are consumer acceptance, regulatory issues and cost-
effectiveness (competitiveness) [4].

2. Plant-based proteins

Plant-based protein consumption is increasing very fast globally. It has reached an annual consumption
rate of about 7% [5]. Frequently used protein-rich plants are soybean, different legumes and oilseeds.
Comparing their raw states, plant-based proteins have similar protein content to meat. On the other hand,
they are rich in fibre and contain less saturated fat than meat [6].

At this moment, food producers and consumer society promote the reduction of animal-based protein
consumption. It seems that plant-based proteins are a more sustainable and healthier option [7]. There
is an extensive diversity of sources, and one of them is legumes [8]. Legumes (Family Leguminosae)
can be divided into pulses (fava beans and peas) and oilseeds (soybean). They differ in carbohydrate
and lipid contents [9] (Table 1). Pulses are low in fat and are valuable sources of vitamins (i.e. B12),
minerals (i.e. iron, zinc, magnesium, calcium), and phytochemicals, positive for both human and animal
health [10].

2.1. Legumes and oilseeds

A valuable but not enough exploited sustainable protein source is fava bean (Vicia faba L.). It has a low
fat level (1-2%), and is rich in fibre (7-9%) and polyphenols. Fava bean is also a good source of lysine.
[9]. From the agricultural point of view, fava bean has many environmental advantages, because it can
fix atmospheric nitrogen and grow and develop at extreme climatic conditions [9,11].

Another possible source of protein is lentil (Lens culinaris). Lentil grain contains 40% starch, 25%
crude protein and 15% neutral detergent fibre (calculated on dry matter basis), making lentil a nutritious
ingredient for pig feed [12]. Lentil not used for human consumption can be an alternative feedstuff. It
can substitute soybean meal in swine diets to reduce feed cost [12, 13]. The main obstacle to using lentil
in pig nutrition is the presence of anti-nutritional factors in raw lentils. Adverse effects of feeding lentils
to swine include reduced protein utilization and impaired meat quality and taste [14].

Table.1 Nutritional value of some legumes and oil cultures [15, 16]

Soybean Favabean Lentil Pumpkin Pea

Protein (g)* 41.00 27.99 28.60 57.76 25.70
Fat (g) 19.60 1.57 1.6 15.06 1.4
Carbohydrates (g) 7.60 54.70 57.60 6.84 53.70

* Calculated on 100g of dry matter

Pumpkin seed cake, which remains from the oil extraction process, could be a valuable protein-based
ingredient in animal nutrition, especially to meet the protein requirements of ruminants [17]. It contains
almost 60% protein, more than many commonly used oilseed-based feed ingredients [18], such as
soybean meal [19]. Pumpkin cake is rich in amino acids lysine (3.2%) and methionine (1.8%), and
improves the palatability of ruminant feed [20]. Substitution of soybean meal with pumpkin seed cake
in the diet of dairy goats does not decrease milk production or change the fatty acid profile of milk [17].
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2.2. Microalgae

To mitigate environmental issues due to the expansion of agriculture, use of land, and carbon emissions,
microalgae could be a sustainable food source both for humans and animals. Compared to other
alternative sources of proteins, microalgae contain valuable nutrients, such as omega-3 and omega -6
polyunsaturated fatty acids, and could compare to marine fish. The nutritional benefits of fish, such as
essential omega-3 fatty acids and protein, often come directly from their consumption of marine algae
[21]. Microalgae are also low in chemical contamination and have great purity.

Pigments are valuable components of microalgae that can act as antioxidants. They can improve
animal health and be a natural colorant. The addition of algae into animal feed provides many benefits,
such as improvement of growth and body weight, lowering feed intake, improve immune response, act
as antibacterial and antiviral components (replacement of antibiotics), and microalgae enrich animal
origin products with bioactive compounds, i.e., peptides and antioxidants. Recently, algae became a
“cell factory” in the food industry and showed the rapid growth of the bio-economy in the feed industry.
Microalgae are one of the few vegetable sources of vitamin B12 and iodine [6]. Microalgae’s bioactive
compounds could improve biological defences in the body against inflammatory diseases [22, 23].
However, the nutritional value of microalgae varies depending on the species, growth conditions, harvest
location and season [6] (Table 2).

Table 2. Nutrient compositions in different microalgae species [24, 25, 26]

Microalgae species Composition (%)

Lipids Protein Carbohydrates
Botryococcus braunii 33 39.61 2.38
Chlorella vulgaris 14-22 51-58 12-17
Spirulina maxima 6-7 60-71 13-16

3. Animal-based proteins

Contemporary aquaculture uses ingredients that are not suitable for human consumption to produce
valuable proteins, which contributes to food security and upgrades the nutritional value of proteins as
well. Due to the increase in global population, and the increase of the proportion of animal proteins in
human diets, demands for valuable proteins are also increasing. Consequently, global aquaculture is
facing continuing growth, followed by growth in global aqua feed production, which is expected to grow
up to 73.15 million tons by 2025 [27]. In the past, fishmeal was the main protein source in aqua feed
diets due to its nutritional profile that corresponds to the requirements of most aquatic species. Intensive
use of this valuable ingredient together with limited sources has led to a drastic increase in its price. This
was the driving force for scientists and feed producers to seek alternative protein sources and contribute
to sustainable aquaculture.

The goal of sustainable aquaculture was to find alternatives by utilizing agro-industrial by-products,
food leftovers, former foodstuffs, new by-products (e.g. from green biotechnologies), new protein-rich
feeds produced by recycling unused biomasses (earthworms, insects) and aquatic resources (algae).
Insect and worm meals had already consumed in many countries of South Asia, Africa, and Latin
America. Several years ago, they started to be present on the global market. They are considered as a
sustainable protein source and a possible solution for the replacement of animal-based protein [28].
Regarding nutritional quality, insects are good sources of protein and fat (Table 3). They also contain
all essential amino acids necessary for human and animal health. They are rich in polyunsaturated fatty
acids, vitamins and minerals. However, insects contain the antinutritional factor, chitin, which can
reduce protein digestibility and can cause allergy. The nutritional value of insect meal differs depending
on the species, phase of development, and type of feed.

The most frequently used insects in animal nutrition are yellow mealworm (7enebrio molitor), black
soldier fly (Hermetia illucens) and house cricket (Acheta domestica). The amino acid profile of 7.
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molitor meal generally meets fish requirements, and, in some cases even surpasses these requirements.
In comparison to fishmeal, insects are generally low in omega-3 fatty acids that are required for optimal
fish quality. However, it is possible to influence insect meal composition by rearing insects on substrates
rich in omega-3 fatty acids. For example, if 7. molitor is fed on bio wastes containing linseed as a source
of omega-3 fatty acids, the fatty acid composition of the insect meal will be changed. Apart from the
nutritive value of insect meal, safety should be also taken into consideration when using bio waste as a
rearing substrate. Microbiological safety, heavy metal content and screening of pesticides residues in
insect meal are very important in evaluation. Insects are also recognized as a valuable source of
antimicrobial peptides, which do not contribute to the development of natural bacterial resistance. When
used in animal nutrition, insect antimicrobial peptides can inhibit the growth of potentially pathogenic
intestinal bacteria. Larvae of T. molitor are recognized as a source of protein with antimicrobial activity,
which is active against Gram-positive bacteria and fungi [29, 30].

Table 3. Nutritional value of animal-based protein raw materials [31, 32]

Fish meal = Meat meal

(I1II quality) (III quality) Worm meal
Protein, g 60 50 49-69
Fat, g 10 15 10-27
Ash, g 20 30 5-8

4. Single-cell proteins

Single-cell protein is the biomass or protein extract from pure or mixed cultures of algae, yeasts,
fungi or bacteria. It can be used as an ingredient or a substitute for protein-rich foods and is suitable for
human consumption or as animal feeds [33].

Single-cell protein was first mentioned in the 1960s to describe protein-rich foods produced from
yeasts as dietary supplements for livestock and humans. Single-cell protein was considered as an
alternative protein source that might fill a gap in food and feed production [34]. The growth of
microorganisms, more rapid than that of the higher plants, makes them very attractive as high-protein
crops; whereas only one or two grain crops can be grown per year, a crop of yeasts or moulds can be
harvested weekly, and bacteria can be harvested daily [35]. Single-cell protein-based meal has the
potential to provide the animal feed industry with a sustainable, renewable feed ingredient to make up
for the deficiencies of plant-based meal and reduce the need for fishmeal in diets [36]. Single-cell protein
is currently produced from a limited number of microbial species, particularly when considering human
consumption. The range of sources for Single-cell protein used in animal feed is broader than that
approved for human consumption and is expanding. Bacterial single-cell protein generally contains 50-
80% protein on a dry weight basis and the essential amino acids [38].

5. Conclusions

Alternative proteins, plant or animal origin, could be used as substitutes for traditional feed ingredients.
It requires research attention and interest in the media and wider forums as a way to fulfil the nutritional
needs and food demands of the growing population. Some results show that numerous protein
alternatives can have important environmental and health benefits. Most protein alternatives have
resulted from the fourth industrial revolution and promise other advantages such as greenhouse gas
reduction. Alternative proteins also promote food security by decreasing land usage to grow animal feed
for the production of human food.

Acknowledgments
This work was financially supported by the Ministry of Education, Science and Technological
Development, Republic of Serbia (Project No. 451-03-9/2021-14/200222)



61st International Meat Industry Conference IOP Publishing

IOP Conf. Series: Earth and Environmental Science 854 (2021) 012026  doi:10.1088/1755-1315/854/1/012026

References

[1]
(2]
[3]
[4]

[5]
[6]

[7]
[8]
[9]

[10]

[11]
[12]
[13]
[14]

[15]
[16]

[17]

[18]
[19]
[20]

[21]
[22]

[23]
[24]

[25]

[26]
[27]
(28]

[29]
[30]
[31]

FAO Global Food Outlook November 2019 / FAO forecast
http://www.fao.org/mews/story/en/item/1247138/icode/

EU Commission Market developments and policy evaluation aspects of the plant protein sector
in the EU 2018 Final report

Miller E L, Protein nutrition requirements of farmed livestock and dietary supply FAO
http://www.fao.org/3/y5019e/y5019e06.htm

Puragi¢ O, Colovi¢ R, Banjac V, Koki¢ B, Cabarkapa I and Popovi¢ S 2019 The future of
alternative protein use in animal nutrition, Proc. 31* National conference processing and
energy in agriculture 7-12 april, 2019 Kladovo Serbia 54

European Commission 2018 Report from the commission to the council and the European
parliament on the development of plant proteins in the EU COM/2018/757 final

Future Learn EIT Food The pros and cons of alternative proteins
https://www.futurelearn.com/info/courses/engaging-with-controversies-in-the-food-
system/0/steps/63410

Dekkers B, Boom R 2018 Trends in Food Science & Technology 81 25-36

Asgar M, Fazilah A, Huda N, Bhat R and Karim A 2010 Compr Rev Food Sci F. 9 (5) 51329

Multari S, Neacsu M, Scobbie L, Cantlay L, Duncan G, Vaughan N, Stewart D and Russell W
2016 J. Agric. Food Chem. 64 (41) 780011

Tripathi A, Iswarya V, Singh N and Rawson A 2021 Pulse Foods Processing Quality and
Nutraceutical Applications (Second Edition) Chapter 4 - Chemistry of pulses—micronutrients
Academic press pp. 61-86

Chapagain T and Riseman A 2015 Nutr. Cycling Agroecosyst. 101 (1) 107-21

Landero J, Beltranena E and Zijlstra R 2012 Anim. Feed Sci. Technol. 174 108—12

Woyengo W, Jha R, Beltranena E, Pharazyn A and Zijlstra R 2014 J. Anim. Sci. 92 229-37

Nontraditional Feed Sources for Use in Swine Production 2017 ed Thacker P and Kirkwood R
(Tailor and Francis) pp. 1-528

Food Chemistry 2009 ed Belitz H D, Grosch W and Schieberle P (Springer) 1-988

Millarab K, Gallagherb E, Burkec R, McCarthyd S and Barry-Ryan C 2019 J. Food Compos.
Anal. 82 103233

Klir Z, Castro-Montoya J, Novoselec J, Molkentin J, Domacinovic M, Mioc B, Dickhoefer U and
Antunovic Z 2017 Animal 11 1772—8

Greiling A, Schwarz C, Gierus M and Rodehutscord M 2018 Arch. Anim. Nutr. 72 23959

Zdunczyk Z, Minakowski D, Frejnagel S and Flis M 1999 Die Nahrung 43 39295

Antunovié Z, Klir Z, Speranda M, Si¢aja V, Colovié¢ D, Mio¢ B and Novoselec J 2018 S. Afr. J.
Anim. Sci. 4 695-704

Kusmayadi A, Leong Y, Hong-Wei Y, Huang C and Jo-Shu C 2021 Chemosphere 271 129800.

Lorenzo J, Munekata P, Barba F, Mora L, Pérez-Santaescolastica C and Toldra F 2018 Trends
Food Sci. Technol. 79 136-47

Abebaw S, Emire S 2020 Heliyon 6 (8) e04765

Sydney E, Sturm W, deCarvalho J, Thomaz-Soccol V, Larroche C, Pandey A and Soccol C 2010
Bioresour. Technol. 101 5892e5896.

Wolkers H, Barbosa M, Kleinegris D, Bosma R and Wijffels R 2011 Microalgae: the Green Gold
of the Future UR-Food & Biobased Research Wageningen.

Milledge J 2011 Rev. Environ. Sci. Bio/Technology 10 (31) e41

Tacon A G J 2020 Rev. Fish. Sci. Aquac. 28 (1) 43—56

http://www.fao.org/edibleinsects/84962/en/#:~:text=For%?20approximately%202.5%20billion%
20people,as%?20eating%20meat%200r%20fish.

Jozefiak A and Engberg R 2017 J. Anim. Feed Sci. 26 (2) 87-99

Veldkamp T and Bosch G 2015 Animal frontiers 5 (2) 45-50

Pravilnik o kvalitetu hrane za zivotinje ("Sl. glasnik RS", br. 4/2010, 113/2012 i1 27/2014)



http://www.fao.org/news/story/en/item/1247138/icode/
http://www.fao.org/3/y5019e/y5019e06.htm
https://www.futurelearn.com/info/courses/engaging-with-controversies-in-the-food-system/0/steps/63410
https://www.futurelearn.com/info/courses/engaging-with-controversies-in-the-food-system/0/steps/63410
http://www.fao.org/edibleinsects/84962/en/#:~:text=For%20approximately%202.5%20billion%20people,as%20eating%20meat%20or%20fish
http://www.fao.org/edibleinsects/84962/en/#:~:text=For%20approximately%202.5%20billion%20people,as%20eating%20meat%20or%20fish

61st International Meat Industry Conference IOP Publishing

IOP Conf. Series: Earth and Environmental Science 854 (2021) 012026  doi:10.1088/1755-1315/854/1/012026

[32]
[33]

[34]
[35]
[36]
[37]

[38]

Fairchilda E, Bergmanb A and Trushenskib J 2017 Aquaculture 481 (1) 1624

Biochemical Engineering and Biotechnology Chapter 14 2007 ed Ghasem D. Najafpour
(Elsevier) 332—41

The Fungi (third edition) 2015 ed Watkinson S, Boddy L and Money N (Elsevier Ltd.) pp 1-449

Tusé D and Miller M 2009 Critical Crit. Rev. Food Sci. Nutr. 19 273-325

Jones S, Karpol A, Friedman S, Maru B and Tracy B 2020 Curr. Opin. Biotechnol. 61 189-97

Ritala A, Hikkinen S, Toivari M and Wiebe M 2017 Front Microbiol. 8
https://doi.org/10.3389/fmicb.2017.02009

Anupama and Ravindra P 2000 Biotechnol. Adv. 18 459-79



https://doi.org/10.3389/fmicb.2017.02009

IOP Conference Series: Earth and Environmental Science

PAPER « OPEN ACCESS You may also like

- Research on of the Sausage Flavour by

Selected physicochemical, technological, and GCS and Electonic Nose

. . . . . In Yang, Limin eng an u yYang
hygienic characteristics of artisanal and sausages . .. ... oo o coou g
produced with functional starter culture UV Nasonova and £ K Tunieva

- Collaborative effect of fat reduction and -

To cite this article: M Dui et al 2021 IOP Conf. Ser.: Earth Environ. Sci. 854 012028 tocopherol incorporation on oxidative
stability in beef sausages
B Nacak, H S Kavusan, B Sar et al.

View the article online for updates and enhancements.

IOP Publishing
ER

ENVIRONMENTAL ‘mee
RESEARCH

REGISTER
NOW

AVIRTUAL CONFERENCE

This content was downloaded from IP address 93.87.244.250 on 08/11/2021 at 08:42


https://doi.org/10.1088/1755-1315/854/1/012028
https://iopscience.iop.org/article/10.1088/1742-6596/1237/2/022158
https://iopscience.iop.org/article/10.1088/1742-6596/1237/2/022158
https://iopscience.iop.org/article/10.1088/1755-1315/85/1/012042
https://iopscience.iop.org/article/10.1088/1755-1315/85/1/012042
https://iopscience.iop.org/article/10.1088/1755-1315/333/1/012084
https://iopscience.iop.org/article/10.1088/1755-1315/333/1/012084
https://iopscience.iop.org/article/10.1088/1755-1315/333/1/012084
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjssoYqC2gtrKqMBj5OQL9msuCUCo2w52JHw5dRDNJj8OMQEd-pAWTWNnYFV9c7v8ycsp8YO9PM6i8gxpaktkrtJRf9U9223zCcjxHVfmlkZC01iV1ESDjBYM9dVu2jF3ReyMAh15D1emjc8RJapKCQoBii9kXSPNpVSRvR4YCSuuQElHXxbwe2N-D2PoPe6yEkX3IaVNGBzOGhjxWTCmnjPhDMVdWrol1uw6VbtYVIRO1SIcBzu2eAhwWbElO_Seqz9Xni5avriuq2kEsGH26gx7zCqP7cAN0go&sig=Cg0ArKJSzAmdLL_pfKQu&fbs_aeid=[gw_fbsaeid]&adurl=https://ioppublishing.org/er-2021/

61st International Meat Industry Conference IOP Publishing
IOP Conf. Series: Earth and Environmental Science 854 (2021) 012028  doi:10.1088/1755-1315/854/1/012028

Selected physicochemical, technological, and hygienic
characteristics of artisanal and sausages produced with
functional starter culture

M Duéi¢!, C Barcenilla?, A Alvarez-Ordoiiez** and M Prieto**

! Department of Veterinary Medicine, Faculty of Agriculture, University of Novi Sad,
Serbia.

? Department of Food Hygiene and Technology, University of Leon, Leon, Spain

3 Institute of Food Sciene and Technology, University of Leon, Leon, Spain

Corresponding author’s e-mail address: jamerika.miroslav@gmail.com

Abstract. Fast acidification is one of the main factors of microbial stability of dry fermented
sausages. Development of functional starter cultures for improving safety of sausages without
altering their quality is under way. This study compared aspects of physicochemical,
technological, hygienic and instrumental quality of sausages produced with or without functional
starter culture. Finished sausages with starter had lower water activity and lower levels of
enterobacteria and lactic acid bacteria, compared to artisanal ones. During most of the ripening,
pH was lower in sausages with starter, but in the final products, the same pH was observed in
both groups of sausages. In sausages with starter lower redness was determined than in artisanal
sausages, while other parameters, colour and chewiness, did not differ significantly. Use of
starter culture improved physicochemical, technological and hygienic characteristics of the final
products.

1. Introduction

The antimicrobial factors acting in dry fermented sausages (DFS) can prevent growth and reduce the
counts of unwanted microbiota. Fast acidification induced by starter cultures and drying in air-
conditioned rooms are the two most important of many factors in the hurdle concept on which is based
safety of industrially produced dry fermented sausages. Rapid growth of technologically useful bacteria
and their main metabolic activity in the presence of sugar induce reduction of pH and at the same time,
they are competitive to undesirable microorganisms. Development of a third generation of functional
starter cultures is under way and presents the use of well adapted strains that occur in traditional artisanal
foods and which do not negatively affect technological or sensory properties of sausages [1]. As another
main safety factor, low water activity (aw) suppresses growth of all microbiota and values of aw < 0.9
defines the microbial stability of finished DFS [2]. So, the main aims of this study were to assess
dynamics of physicochemical factors (pH, aw) during ripening, as well as levels of undesirable
(enterobacteria) and technologically useful microorganisms (lactic acid bacteria) in sausages produced
with (S) or without (A) functional starter culture. The final DFS were also evaluated in terms of colour
and texture quality. These preliminary results should provide the basis for further investigation of

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY 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 1
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technological and hygienic improvement of dry fermented sausages by use of selected starter culture of
the third generation.

2. Material and Methods

Chorizo sausages were produced in a local meat plant from pork meat. A traditional recipe was used
without nitrite as an additive. Half of each batter was produced with the starter Flora Italia from Christian
Hansen Company (Pediococcus acidilactici, Lactobacillus sakei, Staphylococcus carnosus) and another
half as artisanal DFS (without starter). The production process for both subgroups of sausages lasted 5
weeks at 12°C - 14°C.

Microbiological analysis: enterobacteria count (EBC) was determined on Enterobacteriaceae Count
Plate Petrifilms incubated at 37 °C for 24h, lactic acid bacteria (LAB) on Lactic Acid Bacteria Count
Plates Petrifilms at 30 °C for 48h.

Physico-chemical analysis: examination of physico-chemical parameters in sausages comprised of
determination of a,, and pH using LABswift-aw set equipment and pH meter, respectively.

Colour analysis was described in detail in [3].

For texture analysis (chewiness) the procedure of Marcos et al. was adopted, with small
modifications [4].

3. Results
Figure 1 pH and a,, in sausages without or with starter during ripening
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Sausages with starter had significantly lower pH during ripening (p < 0.05), compared to artisanal
sausages while in the final products values became approximately the same.

Lowering of water activity during the production process was similar for both groups of sausages.
However, in the final stage sausages with starter had significantly lower a, (p < 0.05) compared to
artisanal ones.
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Table 1 Levels of Enterobacteriaceae and lactic acid bacteria in sausages without and with starter
during ripening

Enterobacteriaceae count Lactic acid bacteria count
Day log10 cfu/g £ SD log10 cfu/g £ SD
A S A S
0 3.2+04 3.2+04 41+0.2 4.1 +£0.2 + starter
(6 log 10 cfu/g)

8 6.5+0.2% 43+0.2° 8.9+0.2¢ 9.5+0.2¢

18 5.5+0.42 1.5+1.4° 9.3+0.3¢ 9.2+0.2¢

36 2.6 £0.52 <1.0b 9.4+0.3° 8.7 +0.44

A — Artisanal sausages (without starter); S — sausages with starter; SD — standard deviation

Averages with different letters (for EBC - a or b; for LAB — ¢ or d) in the same row differs significantly (p < 0.05)

Table 2 Colour and texture parameters of sausages without and with starter at the end of ripening

Colour parameters A S

Lightness 33.85+4.37 33.82+£5.12
Redness 19.63 +£2.29°2 17.86 + 2.96°
Yellownes 16.47 + 3.7 15.76 + 3.55

Texture parameter
(Chewiness) 9.39+281 9.62+3.7

Averages with different letters in the same row differs significantly (p < 0.05)
A — artisanal sausages (without starter); S — sausages with starter; SD — standard deviation

4. Discusion

The pH of artisanal sausages were within the frame considered as common for this type of DFS [5,6].
In sausages produced with starter culture, pH first dramatically dropped, probably due to the high
metabolic activity of starter microorganisms, but then increased and reached the same level as in the
artisanal sausages in the final stage of production.

Levels and changes of ay in artisanal and sausages produced with starter culture were also within the
frame considered common for this type of DFS [6,7]. Compared to artisanal, sausages with starter
culture had similar or slightly lower a,, during most of the ripening, but reachhed significantly lower
values in the final stage of production.

Patterns and levels of LAB during the production process were generally similar to those reported
for this type of DFS [8,9]. Lactic acid bacteria in sausages with starter showed somewhat higher values
at the beginning of production, but in the final products, LAB levels were considerably lower than in
artisanal DFS. Higher susceptibility of starter culture strains to lowering of aw and other stress factors
may cause such results.
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In artisanal sausages initial Enterobacteriaceae loads increased during the first part of the ripening,
but then decreased to moderate numbers in the final products, mainly as a consequence of lowering of
aw. In sausages with starter culture levels of this group of bacteria were lower during the whole ripening
process, compared to levels in artisanal sausages and reduced to under the detection limit in final
products. Faster acidification of sausages with starter culture probably inhibits growth of
Enterobacteriaceae during the first part of ripening and consequently is responsible for their lower
number in the final products .

Regarding lightness, yellowness and chewiness no differences between artisanal DFS and sausages
with starter were observed. However, significantly lower redness value in sausages with starter culture
is probably because of faster acidification which intensifies partial or total denaturation of myoglobin.

5. Conlusion

Selected starter culture improved physicochemical and hygienic characteristics of the chorizo sausages.
Moreover, in sausages with starter culture there are no changes of instrumental color and texture
parameters, with the exception of redness.

6. Acknowledgements:

The financial support of the Ministry of Education, Science, and Technological Development of the
Republic of Serbia (no. 451-03-68/2020-14/200117), COST Action 18113 (STSM grant ECOST-
STSM-Request-CA18113-45768) and MASTER (Microbiome Applications for Sustainable food
systems through Technologies and Enterprise) project from the EU Horizon 2020 research and
innovation programme (no 818368) is gratefully acknowledged.

References

[1]  Cocconcelli PS and Fontana C 2008 Characteristics and applications of microbial starters in meat
fermentation (Meat Biotechnology) ed F Toldra (New York: Springer) part 2 pp 129 - 148

[2] Holck A et al. 2017 J. Food Qual. 3 1

[3] Chenletal 2019 Meat Sci. 156

[4] Marcos B et al. 2007Meat Sci. 76 46

[5] Marcos B et al. 2005 J. Food Sci. 70 339

[6] Castafio A et al. 2002 Food Control 13 107

[71 Lizaso et al. 1999 Food Microbiol. 16 219

[8] Hospital et al. 2014 Food Res. Int. 62 410

[9] Fernandez-Lopez et al. 2008 Meat Sci. 80 410



IOP Conference Series: Earth and Environmental Science

PAPER « OPEN ACCESS You may also like

. .y . -The sicochemical quality and meat
The path from protein profiling to biomarkers: The Hgo?nuc;ggof QCOS'T ving hom ity

. . . . . addition of Biduri (Calotropis gigantea)
potential of proteomics and data integration in beef e

A M P Nuhriawangsa, B S Hertanto, L R

quallty researCh Kartikasari et al.

- 