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Abstract. Compliance with the technological process and production parameters is the key to
obtaining a high-quality product. Given the rapid development of the food industry and the needs
of consumers for products that have not been subjected to repeated technological processing,
where their nutritional value is preserved as much as possible, there is a need to investigate meat
products that can meet such requirements. The purpose of the study was to determine and establish
the technological parameters of the production of chicken jerky. The study involved experimental
research, organoleptic evaluation of finished products, determination of the amount of waste
after dressing meat, physicochemical parameters of raw materials, semi-finished products, and
finished products: moisture content, pH, fat content by the Soxhlet method and protein content
by the Kjeldahl method. Four methods of production of chicken jerky were investigated, namely:
marinating with convective drying with a change in temperature conditions during the drying
process; marinating with subsequent cooking using sous-vide technology to a temperature in the
thickness of meat not less than 72°C and convective drying until ready; pre-salting of chicken
meat with a ratio of raw materials to salt of 1/1, followed by marinating and convective drying
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with a change in temperature conditions during the drying process. The final moisture content
of the finished jerky was determined to be between 20.8% and 37%, depending on the production
method. The study calculated capital (2.33% +0.5%) and technical (12.53% * 1.32%) waste from
the preparation of raw materials for the production of jerky, and provided a method for calculating
the gross weight of chicken fillet from the required net weight of meat raw materials. Waste after
drying for each of the studied methods are shown, which ranged from 46.7%, to 65.03%, 68%, and
74.77%. The results of the study can be used by meat producers and restaurant establishments
when planning and developing their own products, improving existing production technologies,

and understanding trends in the production of meat delicacies on the Ukrainian market

Keywords: drying; marinating; jerky; snacks; poultry meat; moisture content; sous-vide

Introduction

Consumption of meat and meat products is
popular among the population of Ukraine and
the world. However, there is a need to develop
new methods of processing products and use
non-conventional raw materials to ensure a
number of desired characteristics: high taste
properties, the necessary chemical composi-
tion, a longer shelf life without using synthet-
ic preservatives, and high competition among
other meat producers.

In the last decade, the development of new
meat products with improved nutritional prop-
erties has intensified. Consumers demand mini-
mally processed meat products that do not con-
tain preservatives and have a long shelf life. To
meet these needs, natural additives are widely
used instead of synthetic ones. In addition, re-
search into environmentally friendly packaging
materials that improve the shelf life of meat is
gaining momentum (Gémez et al., 2020).

Meat snack products are beginning to gain
popularity, especially among students and
people who lead an intensive, active lifestyle.
According to L.P. Zahorui & Y. Mihel (2022),
Ukrainian manufacturers occupy only 18% of
the market, the rest are imported products. The
researchers also note that such a group of prod-
ucts can be classified as healthy products, since
it contains the maximum amount of protein
and the minimum amount of fat. The analysis
of meat snack consumption shows that 92%

Animal Science and Food Technology. 2024. Vol. 15, No. 2

of respondents consume meat products dai-
ly. However, these products can be considered
health-improving only if the content of salt,
sugar, and preservatives is minimised.

There are a significant number of ways to
extend the shelf life of food. One of them is
drying. Especially valuable are dried foods that
do not require additional recovery or reheat-
ing, that is, which can be consumed immedi-
ately. Usually, such products are subjected to
heat treatment during the production process
to undergo certain biochemical transforma-
tions, give taste and aroma, and undergo long-
term ageing or fermentation. V.O. Skrypnyk &
B.H. Ponomarenko (2023) suggests using a two-
way heat supply during convective drying of
meat, when the temperature of the heated sur-
face does not exceed 130°C. This significantly
reduces the development of unwanted flavour
compounds and improves the organic proper-
ties of dried meat. In different regions of the
world, different cutting methods and different
recipes are used in the manufacture of prod-
ucts, including meat. This is conditioned by
taste preferences, climate, and territory-specif-
ic raw materials.

As reported by M.I. Myroshnychenko &
A.V. Bolshakova (2020), drying meat is a prom-
ising method of preservation that allows to pre-
serve the original properties of meat to a large
extent. During drying, meat retains not only its
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taste qualities, but also its high biological and
nutritional value, nutrients, vitamins, and ami-
no acids. The researchers give their own defi-
nition of meat snacks: thin slices of dried meat
seasoned with spices that are made from pork,
beef, chicken, horse meat, turkey, ostrich, ven-
ison, and lamb. It was found that the method
of slicing does not affect the drying time and
colour of dried meat, but reduces the elasticity
of the product in the direction of the fibres. In
addition, thicker pieces of meat take longer to
dry, and the structure and colour of the finished
product are worse compared to thinner pieces.
Researchers recommend eating meat snacks
for people with an active lifestyle, athletes and
tourists, as this type of food is low in fat and
carbohydrates, and has high nutritional value.

A survey on preferences regarding the type
of meat used in snacks showed that chicken is
the most popular (42.2% of respondents). 37.6%
of respondents identified snacks as a healthy
diet. Analysis of the results of the survey on
choosing the type of meat delicacies shows that
sausages are the most popular (45%), dried meat
is in second place (14 %) and in third place —
meat chips (7%) (Afanasieva, 2023). A. Lohi-
nova et al. (2019) investigated the use of dried
meat snacks in the diet of Ukrainian military
personnel in the field. In combat zones, due to
the constant lack of time, soldiers are forced to
limit their meals or eat at a faster pace. To im-
prove the quality of food, it was proposed to use
dried meat snacks in military rations. According
to the researchers, this will save food intake time
and at the same time provide the body with the
necessary proteins, fats, and carbohydrates for
normal functioning. However, with the produc-
tion of meat delicacies (snacks), there is a prob-
lem with standardisation and falsification of
production. For example, meat snacks are often
falsified in various ways, including assortment,
quality, quantity, cost,and information methods.

Relevant today is the need to develop
standardised methods of production with the
establishment of technological parameters

that will not depend on a number of factors, in
particular, the volume of production, used raw
materials and additional components, types of
equipment, etc. This can be used in the future
to improve the technologies of meat products
and develop regulatory documents to ensure
the quality and safety of products. The purpose
of this study was to determine and establish the
technological parameters of the production of
chicken jerky.

Materials and Methods
The research was conducted at the laboratories
of the Department of Meat, Fish, and Seafood
Technology of the Faculty of Food Technology
and Quality Management of the National Uni-
versity of Life and Environmental Sciences of
Ukraine in October-December 2023.

Chicken fillet was chosen as the main raw
material for the production of meat products.
In the course of the study, the moisture con-
tent in the raw material and finished product
was determined by drying to a constant mass
at a temperature of 103°C = 2°C (DSTU ISO
1442:2005, 2007); capital (not suitable for fur-
ther processing) and technical waste (can be
used for the production of other types of prod-
ucts) after weighting meat; pH in raw materials
and semi-finished products (DSTU ISO 2917-
2001, 2003); fat content by the Soxhlet method
(DSTU ISO 1442:2005, 2007) and protein by the
Kjeldahl method in raw materials (DSTU ISO
937:2005, 2007). In addition, during the man-
ufacturing of meat products, the temperature
in the thickness of meat was determined dur-
ing marinating, after cooking using sous-vide
technology (DSTU 3143:2013, 2014). The name
of the meat delicacy was preliminarily deter-
mined - chicken jerky.

The amount of chicken fillet (gross) that
must be taken to obtain the required amount
of prepared meat raw materials (net) was deter-
mined by the equation:

nx100

X=———
100—(we+wy)’

M

Animal Science and Food Technology. 2024. Vol. 15, No. 2
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where x — amount of chicken fillet (gross), kg;
n —required amount of prepared meat raw mate-
rials (net), kg; w, — capital waste after meat cur-
ing, %; w, - technical waste after meat curing,%.

Production of jerky was carried out accord-
ing to the methods listed below.

Method 1. Prepared, peeled meat was cut
across fibres 5-7 mm thick. The resulting meat
slices were placed in a pre-prepared mari-
nade and left for 12 hours at a temperature of
4°C £ 2°C. After marinating, the meat was dis-
tributed on special baking sheets and placed in
a dehydrator preheated to 70°C. After an hour
of drying, the temperature was reduced to 55°C
and dried for another 8 hours. Thus, the total
production time was 21 hours

Method 2. Prepared, peeled meat was cut
across fibres 5-7 mm thick. The resulting meat
slices were placed in a pre-prepared mari-
nade and left for 4 hours at a temperature of
4°C % 2°C. After marinating, the meat was dis-
tributed on special baking sheets and placed in
a dehydrator preheated to 70°C. After an hour
of drying, the temperature was reduced to 55°C
and dried for another 6 hours. The total produc-
tion time was 11 hours.

Method 3. The prepared, peeled meat was
vacuumed and cooked using sous-vide tech-
nology at a temperature of 75°C for an hour.
After cooking, the meat was cut across the fi-
bres into slices 5-7 mm thick, then marinated
and kept for another hour at a temperature of
4°C+2°C. After marinating, the meat was dis-
tributed on special baking sheets and placed

in a dehydrator preheated to 55°C, dried for
6 hours. The total production time was 8 hours.

Method 4. Prepared, peeled meat was cov-
ered with salt (the ratio of salt tomeat - 1: 1) and
left for 12 hours. Next, the meat was washed un-
der running water from the remaining salt and
placed in ice water for 2 hours, changing the
water twice in the process. After that, the meat
was cut across the fibres into slices 5-7 mm
thick, marinated and kept for another hour at a
temperature of 4°C +2°C. After marinating, the
meat was distributed on special baking sheets
and placed in a dehydrator preheated to 70°C.
After an hour of drying, the temperature was
reduced to 55°C and dried for another 5 hours.
The total production time was 21 hours.

Results

The amount of waste during dressing and prepa-
ration for meat processing was determined.
Thus, the remains of cartilage tissue, veins,
films, bruises and the fat part were separated
from the chicken fillet. In addition, the chicken
fillet was given an oval shape, so that when cut-
ting into flat pieces there were no protruding
parts of the fillet, pieces of different shapes, etc.
To interpret the results, the % of capital waste
(not subject to further processing) during pre-
liminary preparation of chicken meat and the
percentage of technical waste, i.e., trimmings
that are not conditioned for the production of
jerk, but can be used in the production of other
products (e.g. in minced systems, etc.) were de-
termined (Table 1).

Table 1. Waste after meat dressing (n=10)

No. Indicator Value, X+ A
1. Meat weight before dressing, kg 3.63+0.51
2. Weight of prepared meat, kg 3.06+0.49
3. Capital waste, % 2.33+0.50
4. Technical waste, % 12.53+1.32

Notes: X — arithmetic mean; § — measurement error
Source: compiled by the authors
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The results obtained allow calculating the
required amount of meat and controlling the
production process of meat products, calcu-
lating the economic component of production,
and developing standardised technical docu-
mentation for the production of chicken jerky.
Thus, 1,175 kg of chicken fillet is needed to ob-

tain 1 kg of prepared meat raw materials for the
production of jerky. Determination of physical
and chemical parameters in raw materials is
important for determining the degree of fresh-
ness and suitability of meat for further process-
ing. The determination was performed in four
repetitions (Table 2).

Table 2. Basic physical and chemical parameters of raw materials (n=4)

Content, %

Indicator pH . -
moisture fat protein
According to regulations” not more than 6.70 not more than 78.0 not more than 11.0 not less than 17.0
X*o 6.20 73.76 1.36 19.17
Cv, % 1.27 0.59 5.54 0.34
A, % 0.08 0.44 0.08 0.07

Notes: *“DSTUISO 1442:2005 (2007); Order of the Ministry of Agrarian Policy and Food of Ukraine No. 625 (2023);
DSTU 3143:2013 (2014); X — arithmetic mean; § - measurement error; Cv — coefficient of variation

Source: compiled by the authors

Based on the results of the study of raw
materials (Table 2), the obtained values of in-
dicators comply with the current legislation
of Ukraine. The average moisture content in
the samples of raw materials (chicken fillet)
was in the range from 73.34 to 74.04, and the
average value was less by 4.24% compared to
the maximum permitted concentration. The
average pH value of chicken fillet was at the
level of 6.2, which is 0.5% less compared to
the maximum permitted concentration. The
fat content of chicken fillet samples aver-
aged 1.36%, which is 9.64% less compared to
the maximum permitted concentration. The
protein content of chicken fillet ranged from
19.1 to 19.3, and the average value was 2.17%
higher compared to the absolute minimum

concentration. The resulting average values
will be used for comparison with the indica-
tors of the finished product.

During the production of jerky according to
the most common Method 1 (Han et al., 2007;
Lonnecker et al., 2010; recipe dried chips
(jerks), 2024), according to which cooked, sliced
meat was first marinated for 12 hours at a tem-
perature of 4°C #+ 2°C. For this reason, the tem-
perature in the thickness of the meat during
marinating was set, which was +2.5°C +0.5°C.
Then the meat was placed in a dehydrator,
where it was dried to a ready state under two
temperature conditions (see Method 1). As a
result, the indicators were obtained (Table 3),
which allowed adjusting the production process
to obtain the desired results.

Table 3. Results of the study of technological parameters
of manufacturing of meat products from chicken fillet (n=4)

. Method, X+ A
No. Indicator
1 2
1. Weight of raw materials’, kg 0.7%0.14 0.38%0.16
2. Weight of dried product, kg 0.18+0.06 0.13+0.06
3. Waste after drying, % 74.77+4.10 65.03+0.67

Notes: * — chicken fillet after dressing; X — arithmetic mean; 5 — measurement error

Source: compiled by the authors

Animal Science and Food Technology. 2024. Vol. 15, No. 2
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As can be seen from Table 3, according to
Method 1 (with a total drying time of 9 hours),
a product with a low yield by weight compared
to the product produced by Method 2 was ob-
tained. Reducing the drying time by 2 hours
and marinating meat for 8 hours allowed get-
ting a product with better performance. In ad-
dition, the error in losses after drying according
to Method 2 was only 0.67%, and according to
Method 1, on average, 4.1 %. Considering the
results of organoleptic evaluation, Method 2

has the best properties of the finished product.
By organoleptic properties (Fig. 1) jerky ob-
tained by Method 2 had higher evaluation indi-
cators for such parameters as appearance, con-
sistency, colour, smell, and taste. Thus, it was
found that a long drying time is not suitable for
obtaining a finished product with high quality
indicators, and the production method, where
the total drying time of meat from chicken fil-
let in a dehydrator is 7 hours, is suitable for the
production of chicken jerky.

Appearance

4

Smell

Colour
==g==Method 1

====Method 2

Taste

Consistency

Figure 1. Profilogram of organoleptic evaluation
of meat products from chicken fillet produced by methods 1, 2

Source: compiled by the authors

Another method of making meat delicacies
that has been investigated is drying pre-cooked

sous-vide meat (cooking meat in a vacuum pol-
ymer bag at a controlled temperature) (Table 4).

Table 4. Investigation of technological parameters
of production of meat products from chicken fillet by Method 3 (n=13)

No. Indicator Value, X£A Cv, %
1 Meat weight before cooking*, kg 0.32+0.11 34.86
2 Meat weight after cooking, kg 0.25+0.09 35.12
5. Tempentucinhe didaesol  nag7+0ss
4 Weight of dried product, kg 0.08£0.03 33.69
5 Total losses after drying, % 74.60+0.88 0.88

Notes: " - chicken fillet after dressing; X — arithmetic mean; § — measurement error, Cv — coefficient of variation

Source: compiled by the authors

According to the results obtained (Table. 4),
cooked jerks have a low yield of the finished
product. This is due to losses during cook-
ing, and then - drying. However, based on the

Animal Science and Food Technology. 2024. Vol. 15, No. 2

results of organoleptic evaluation (Fig. 2), the
resulting finished product had high taste prop-
erties, pleasant aroma, crisp consistency, and
satisfactory appearance.
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Appearance
4
3
2 e==g==Sample 1
Smel Colour
1 Sample 2
0
==@==Sample 3
Taste” Consistency

Figure 2. Profilogram of organoleptic evaluation of meat products
from chicken fillet produced by Method 3

Source: compiled by the authors

The production of jerky using Method 3 to the experimental technology of producing
heat treatment technology involves drying from  chicken jerky, when the meat was salted and
cooked meat, which probably reduces the risks  aged for different times, the results were pre-
of rapid microbiological spoilage. According sented in Table 5 and in Fig. 3.

Table 5. Investigation of technological parameters of production
of meat products from chicken fillet by Method 4 (n=3)

No. Indicator Value, XA Cv, %
1. Weight of meat before salting’, kg 0.94+0.02 1.84
2. Weight of salt, kg 0.94+0.09 1.84
3. Meat weight after salting, kg 0.83+0.01 0.7
4. pH 4.60+0.05 1.13
5. Weight of dried product, kg 0.45+0.01 2.29
6. Total losses after drying, % 51.73%0.23 0.45

Notes: " - chicken fillet after dressing; X — arithmetic mean; 8 - measurement error, Cv — coefficient of variation

Source: compiled by the authors

Appearance

5
4
3

Smell '?'\ Colour Sample 1

0 e=g==Sample 2

Sample 3

Taste Consistency

Figure 3. Profilogram of organoleptic evaluation
of meat products from chicken fillet produced by Method 4

Source: compiled by the authors
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As can be seen from Table 5, samples
that were kept for 12 hours, (temperature in
the thickness of the meat — 2.5°C * 0.5°C),
have the shortest drying time to the required
moisture content of the finished product,
compared to other methods under study. In
addition, the total weight loss during the pro-
duction of jerky is the smallest. Regarding
organoleptic parameters, in particular taste
properties (Fig. 3), the product is declared
unfit for consumption due to an excessive
amount of salt. The appearance is also unsat-
isfactory, because the product is covered with

40

35 31.8
30

25 20.8

20

15

10

p 2.4 L5

Method 1 Method 2

21.7

11

Method 3

awhite coating. The consistency is plastic and
can be easily divided into smaller pieces. But
given the preservative properties of salt, the
potentially shorter drying time of meat, and
the acquisition of a finished product of excel-
lent consistency, it is necessary to continue
exploring this method of producing jerky, us-
ing less salt and a shorter salting time.

At the next stage, the produced jerky was
examined for moisture content to determine
the degree of readiness of the product and as a
qualitative indicator for controlling the spoil-
age process (Fig. 4).

37

==0== Arithmetic mean

Measurement error

1.7

Method 4

Figure 4. Moisture content in chicken jerky (n=5)

Source: compiled by the authors

As can be seen from Figure 4, different
moisture content is observed in all the obtained
samples according to different methods. This
is due to the temperature conditions of dry-
ing, methods of processing raw materials, and
the production process. The moisture content
also regulates the organoleptic properties of
finished products, namely consistency and ap-
pearance. The lower the moisture content, the
harder it is to divide the jerky into smaller piec-
es and chew. In addition, the loss of moisture is
associated with total losses in the weight of the
product, which implies an increase in the seal-
ing of raw materials for the production of the
finished product. The knowledge of the mois-
ture content can be used to determine the de-
gree of readiness of the jerky and can be a qual-
itative indicator to control the spoilage process.

Animal Science and Food Technology. 2024. Vol. 15, No. 2

Discussion
Meat and meat products are important ele-
ments of both daily nutrition and during spe-
cialised diets (Gonzalez et al., 2020). In addition,
their consumption has been steadily increasing
around the world since the 1960s and up to
the present day. Ultimately, up to 58% of pro-
tein consumed and 30% of total calories come
from meat and meat products, and they also
provide important nutritional compounds in
the diet, especially protein, fat, essential amino
acids, minerals and vitamins. Determining the
technological parameters of the production of
products, and in this case, chicken jerky, will
expand the range of meat products offered on
the market and support the supply of important
elements to the body for its functioning (Bie-
salski, 2005; Modi et al., 2007).
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Innovation activities of meat producers are
usually associated with responding to changing
consumer preferences and requirements. That
is why there is a need to improve various tech-
nologies for the production of meat products
to meet the needs of consumers and provide
the human body with the necessary nutrients.
However, if there is a small-scale production of
traditional meat products, this leads to hetero-
geneity of their quality, which is also indicated
in the paper by M. Halagarda & K.M. Wojci-
ak (2022). The production methods used and the
raw materials used make such products more
expensive. Therefore, it is necessary to devel-
op standardised methods and requirements for
the products, so that, regardless of the volume
of production, it would always be possible to
produce a product that meets the established
indicators and desired consumer expectations.

As noted by I. Doymaz et al. (2016), the
drying process as a method of preserving and
processing meat is one of the oldest and most
common methods, as it is efficient and in-
expensive. The researchers also describe the
advantage of using this method of production
in their study. Drying extends the shelf life of
meat and meat products by reducing moisture
activity. In addition, the drying process reduces
microbial load, volume and weight, thereby re-
ducing storage and transportation costs.

The effect of various drying methods,
namely ultrasonic vacuum drying, vacuum dry-
ing and sublimation, on the drying kinetics and
some quality parameters of dried minced meat
was studied (Aksoy et al., 2019). The research-
ers also note that different drying methods and
temperatures significantly affected the drying
time, and higher drying temperatures increased
the overall colour differences of the finished
product. To speed up the drying time, ultra-
sonic treatment and vacuum drying were com-
bined. According to this method, the vacuum
process, breaking down the cell walls of food,
accelerates the transfer of water, which acceler-
ates drying. Comparing with the findings of this

study, it can be recognised that combining dif-
ferent production methods can lead to signif-
icantly better results in terms of organoleptic
characteristics, time spent on production, and
higher product yield.

The combination of different methods
of processing and preserving raw materials
leads to better results of sensory evaluation.
I. Goémez et al. (2020) also investigated com-
binations of different methods, but in such a
way that the nutritional value of meat is not
disturbed: drying in maturation chambers,
high-pressure processing, and sous-vide cook-
ing. The paper also considered chemical and
biochemical methods, such as fermentation,
smoking, and pickling to enhance the quality
indicators of meat products. This study also
combined pickling, sous-vide technology, and
convective drying with different temperature
settings. The results obtained indicate the need
to adjust some parameters of the production
process to obtain positive final results of the
finished product.

According to B.M. Naveena et al. (2008),
consumers are demanding preservative-free,
minimally processed meat products with a
longer shelf life. Nowadays, it is also widely ac-
cepted to use natural additives instead of syn-
thetic ones. In addition, research on packaging
materials that improve the shelf life of meat is
gaining momentum. Therefore, drying meat for
a long time can be attributed to lean methods
of processing raw materials, because with such
a production technology, a significant part of
nutrients is preserved and the finished product
has a long consumption period, which is espe-
cially important for consumers.

Sous-vide processing, which was used in
one of the jerky production methods, makes the
meat juicier and more tender, and at the same
time, this technique improves the digestibility
of meat, according to studies conducted on di-
gestion in vitro (Ingham et al., 2006; Kehlet et
al., 2017). This technique maintains the same
quality of meat and improves the organoleptic

Animal Science and Food Technology. 2024. Vol. 15, No. 2
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characteristics of cooked meat. Sous-vide tech-
nology can be combined with other methods of
processing and manufacturing products. There-
fore, the next step was convective drying before
the jerky were ready. Such a product is less vul-
nerable to microbiological spoilage, because
drying took place already from a fully prepared
product. Jerky, in turn, acquired specific organo-
leptic properties, which was highly appreciated.

S. Sorapukdee et al. (2016) investigated
whether chicken meat can be used as a poten-
tial raw material for dried meat. The production
was carried out using a hot air convection oven
at a temperature of 85°C,until the tempera-
ture of the centre of the piece of meat reached
71.1°C. The temperature was then lowered to
60°C and left until further dehydration. The
technology considered in this paper differs in
temperature conditions, and in the fact that
a whole piece with a thickness of 5-7 mm was
dried, and these researchers used rectangular
pieces with a thickness of 3-5 mm from crushed
meat in a meat grinder for drying. Using an-
other well-known technology, all subcutane-
ous fat and visible connective tissue were first
removed from fresh chicken breast meat. Then
drying (55°C, 30 min), smoking (65°C, 30 min),
slow drying (65°C, 70 min), slow drying (75°C,
60 min), and dry cooking (75°C, 10 min) were
performed. After cooling with chilled air (5°C,
30 min), the semi-dried chicken was individual-
ly vacuum packed with a plastic/nylon film and
stored in the refrigerator at 4°C for subsequent
studies (Choi, 2008; Song et al., 2014). In this
way, the authors of the article have obtained an-
other variant of the jerky offered on the market.

Considering this study and the researchers
mentioned above, it can be stated that the re-
sults obtained by the authors of this study are
relevant, can be considered as fundamental in
the creation of meat products according to the
developed methods. Moreover, when develop-
ing new meat products, it is necessary to apply
a comprehensive approach, including an evalu-
ation of sensory characteristics and nutritional

Animal Science and Food Technology. 2024. Vol. 15, No. 2

value, because consumers today are looking for
minimally processed products with high nutri-
tional value and extended shelf life.

Conclusions

Over the past decade, the number of new meat
products with improved nutritional charac-
teristics has increased. However, the choice of
processing and canning technologies requires a
comprehensive, global strategy that considers
not only the impact on product quality, but also
changes in sensory and nutritional characteris-
tics, and consumer attractiveness.

According to experimental studies of the
production of chicken jerky, it can be concluded
that production according to Method 1 is im-
practical. A long pickling time and the longest
drying time lead to high product losses — up to
79%. In addition, organoleptic parameters were
also not satisfactory, since jerky were brittle,
difficult to chew, and the smell and taste were
not very noticeable. Production of jerky accord-
ing to Method 2 provides high organoleptic in-
dicators. Drying losses are significantly lower
compared to Method 1 - 65.2%, which is quite
acceptable for this type of product. Production
of jerky by a combination of sous-vide technol-
ogy, vacuum pickling, and convective drying
is promising. The product obtained specific
organoleptic properties, in particular a crisp,
porous consistency, attractive appearance, and
pleasant taste and smell. Additionally, varia-
ble drying parameters can be investigated to
increase the yield of the finished product. The
subsequent studies of the advantages of this
method will be a comparison of shelf life and
the level of microbiological spoilage, because
drying took place already from pre-cooked
meat, which should reduce these risks.

Results of the production of chicken jerky
by Method 4 - salting — did not bring the ex-
pected results. Excessive amounts of salt and a
white coating on the surface make the product
unusable. Although the cooking time and yield
of the finished product was better compared
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to other methods. In further experiments, the
salt-to-meat ratio will be changed and addi-
tional studies of the efficiency of jerky pro-
duction will be conducted using pre-salting of
raw materials. Summing up the conducted re-
search, the authors have established the main
technological parameters for which chicken
jerky will be produced, namely marinating for
at least 4 hours at a temperature of 4°C =2°C
followed by convective drying for 1 hour at a
temperature of 70°C, then 6 hours at a temper-
ature of 55°C. Other ways to produce jerky re-
quire more research.

Promising research will be the develop-
ment of recipes for the production of chicken
jerky, in particular with the use of bee products
that will serve as substitutes for preservatives
and natural components to increase biological

value. The combination of these components
will expand the range of meat products devel-
oped from original raw materials, preserving
and improving their nutritional and sensory
characteristics for long periods of time.
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AHoranig. [JoTpMMaHHSI TEXHOJIOTiYHOTO IIPOIleCcy Ta MapaMeTpiB BUPOGHMUIITBA € 3alOPYKOI0
OTPUMAaHHSI BUCOKOSIKICHOTO MpOAYKTY. Yepe3 CTPiMKUIT PO3BUTOK XapuoBOi ITPOMMUCIOBOCTI
Ta BpaxyBaHHSI TOTpeb CIIOXMBAYiB y IPOAYyKIii, sIka He TigmaBajacs 6GaraTopa3’oBOMY
TEXHOJIOTIYHOMY OGPOOGJISIHHIO, e MAaKCMMaJbHO MOK/IMBO 30epeskeHo ii MOXMBHY I[iHHIiCTb, —
BUHMKAE TMOTpeda MOCTIIKEHHS M’SICHUMX BUPOGiB, SIKi 3MOXYTb 3a6e3IMeUMTM TaKi BUMOTH.
MeTot0 po60TH GYJI0O BU3HAUMTY Ta BCTAHOBUTY TEXHOJIOTIUHI MapaMeTpy BUPOOHUIITBA 3KEPOK
KypsiuMxX. BUKOHAHHS PO6GOTH 3[i/ICHIOBAIY €KCITEPUMEHTATbHUMM JTOCTiIKEHHSIMY, TTPOBOIVIA
OpraHo/IeNTMYHE OI[iHIOBaHHS TOTOBOI MPOAYKLii, BM3HAuyaJM KiJAbKiCTh BiIXOHiB TMiC/as
SKMITyBaHHS M’sica, Gi3uko-xiMiuHi MOKa3HMKM CUPOBUHM, HalliBdabpuKaTy Ta TOTOBUX BUPOOIB:
BMicT Bosoru, pH, BMicT Xupy 3a Metozmom CokcieTa Ta BMICT 611Ky 3a MeTopoMm K’enppans. B
Tpolieci BUMKOHAHHS POBGOTYU HOCTIMIKEHO UYOTHMPMU CIIOCOOM BUPOOHMIITBA KypsiUMX [IKEPOK, a
camMe MapMHYBaHHSI 3 KOHBEKTMBHMM CYIIIHHSIM 3i 3MiHOIO TeMIIepaTypHUX PEXVMIB B Mpolieci
CYIIiHHSI; MapMHYBaHHS 3 MOJAJbIIMM BapiHHAM 3a TEXHOJIOTi€l0 sous-vide Mo TemmepaTypu B
TOBILi M’sica He MeHIIe 72°C Ta KOHBEKTMBHUM CYLIiHHSIM [0 TOTOBHOCTI ; ITOTIepeHE 3aCOMI0BAaHHS
Kypsiuoro m’sica 3i CHiBBiJHOIIEHHSIM CUMPOBMHM [0 coii 1/1 3 mopmanpliMM MapMHYBaHHS Ta
KOHBEKTMBHMM CYILIiHHSIM 31 3MiHOIO TeMIlepaTypHMX PeXMMIiB B MpOLeci CylliHHS. B roroBux
JI’KepKax BM3HAUYa/IM KiHI[eBMIt BMICT BOJIOTU sIKUii cTaHOBUB BifL 20,8 % 1o 37 % B 3a/1eXKHOCTI BifI
crioco0y BUPOOHMIITBA. Po3paxoBaHO KariTanabHi (2,33 % *0,5 %) Ta TexHiuni (12,53 % + 1,32 %)
BiJIXOMM BiJ IMiATOTOBJIEHHS CUPOBMHMU A0 BUPOOHMIITBA IKEPOK, a TAKOXX HABEIEHO METOIUKY
PO3paxyHKy Macu 6pyTTO Kypsiuoro dise, Bif HeoO6XimHOT Mack HETTO M’SICHOT cupoBuHM. HaBeieHO
BTpaTU MC/IS CYIIiHHSA 32 KOKHUMM 3 JOCTIIKyBaHMM CIIOCOOOM, IO CTAaHOBWIO Bim 46,7 %,
o 65,03 %, 68 % Ta 74,77 %. Pe3ynbTaTu JOCTiIKEHHS MOKHA BMKOPMCTOBYBATM BUPOGHMKAM
M’SICHUX BMPOGiB, 3aK/IaJlaM peCTOPaHHOTO I'OCIIOapCTBa i, Yac IJIaHyBaHHS Ta pO3pO0JeHHIMM
BJIACHOI MPOAYKIIii, yIOCKOHAJEHHS iCHYIOUMX TEXHOJIOTii i BUPOOHMUIITBA, a TAKOXK JJIST PO3YMiHHS
TeH/EeHIIii1 BUPOOGHUIITBA M SICHUX Je/TiKaTeciB Ha pUHKY YKpaiHu

Kiio4oBi cyioBa: CylriHHS ; MapMHYBaHHS ; I)KePKU; CHEKM; M SICO TITHLi; BMiCT BOJIOTH; sous-vide
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Abstract. The nutritional value of raw materials is determined by a set of indicators that define the
biological value of protein, lipids, mineral composition, and safety. Therefore, their investigation
in the meat of one of Ukraine's aquaculture species — the clariid catfish - is relevant. The purpose
of the study was to investigate the biological value of protein, lipids, mineral composition, and
safety of catfish meat when grown in Ukraine and evaluate these indicators in accordance with the
recommendations of FAO/WHO. The amino acid composition of the protein was determined by
ion exchange liquid-column chromatography on an automatic analyser T 339 (Czech Republic);
the fatty acid composition of lipids was determined on a gas chromatograph HRGC 5300 (“Carlo
Erba”, Italy). The mineral composition of meat was investigated by atomic emission spectrometry
with inductively coupled plasma; the content of heavy metals was determined by atomic
absorption spectrometry. The study of the amino acid composition of the protein established the
presence of all essential amino acids in an amount significantly exceeded in the ideal protein in
accordance with FAO/WHO recommendations, which indicates a high biological value. The fatty
acid composition of lipids is typical for freshwater fish and catfish lipids from other aquacultures.
The biological value of catfish lipids is determined by the ratio of fatty acids of the w-6/w-3
families as 1.8:1.0 at the recommended value of 10:5, which indicates the possibility of using
lipids of this fish as a source of especially deficient »-3 fatty acids in the human diet. The low
level of polyunsaturated fatty acids and the absence of essential fatty acids eicosapentaenoic
(EPA) and docosahexaenoic (DHA) acids gives the basis for developing the design of biologically
valuable catfish meat products by enriching it with lipids from marine aquatic organisms. The
practical significance of the findings is to obtain original data on the nutritional value of meat
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from one of the aquaculture species in Ukraine, determine the degree of satisfaction of the daily
human need for its consumption, and develop recommendations for rational use

Keywords: catfish meat; essential amino acids; fatty acids; safety indicators; heavy metals;

radionuclides

Introduction

Ensuring a healthy human diet is a priority of
the policy of any country in the world, includ-
ing Ukraine (FAO, n.d.). The main objective of
this policy is to create recommendations based
on studies of the nutritional value and safety
of raw materials and products. Fish is one of
the main sources of biologically valuable pro-
tein, essential lipids, mineral elements, and
vitamins. As a result, there is a tendency to
increase its consumption in the world and by
2032 it is expected that the consumption of
edible fish will reach 21.2 kg per capita, com-
pared with 20.4 kg in the base period (average
2020-2022) (OECD/FAO, 2023). The contribu-
tion of aquaculture to global aquatic animal
production reached a record 49.2% in 2020 and
is planned to increase by another 15% by 2030,
which could provide a larger share of humanity
with food (FAO, n.d.). Freshwater aquaculture is
also developing very rapidly in Ukraine. Along
with the breeding of various carp species, the
Clarias gariepinus catfish of the Clariidae fam-
ily is a promising species for freshwater aqua-
culture in Ukraine. According to U.E. Sharylo et
al. (2020), U. Knaus et al. (2021), M.V. Zador-
ozhnii (2023), this species is considered one of
the most promising for aquaculture due to its
unpretentiousness to growing conditions and
relatively simple and easily controlled tech-
nology of mass reproduction. In Ukraine, the
technology of growing this type of fish was also
used during 2018-2023 (Zadorozhnii, 2023).

Research on the nutritional value of
C. gariepinus meat in vivo and in aquaculture
were conducted in Nigeria by C.0. Okonk-
wo et al. (2020), in aquaculture of Ukraine — by
I.M. Bal et al. (2023a; 2023b). The analysis of
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the above sources indicates the dependence
of the chemical composition of C. gariepinus
meat depends on the growing conditions and
weight of fish and is consistent with general-
ly established patterns. Fish weighing from
989 g is characterised by a high protein and fat
content in the aquaculture of Ukraine and is
67.74+3.45 and 26.20 + 1.32%, respectively, in
terms of dry matter. In natural conditions and
in aquaculture of Nigeria, with a fish weight of
200 g or more, the protein and fat content is
almost half that (30.27 +1.79; 42.90+ 3.37 and
12.0£1.4; 12.9£2.8 in %, respectively (Okonk-
wo et al., 2020). Meat of C. gariepinus in the
aquaculture of Ukraine has the highest caloric
value (506.7 £7.1 kcal) compared to all the con-
ditions of existence of this fish species in Nige-
ria. Fish with a low weight (200 g) is character-
ised by high fibre content (39.8+1.8; 50.6 4.2
vs. 0.22 — 1.01+0.6%, respectively.

It is known that one of the most signifi-
cant indicators of the nutritional value of fish
meat is the amino acid composition of protein.
Unfortunately, these data are not available in
the literature, which makes it necessary to in-
vestigate these indicators. Evaluation of the li-
pid profile of the clariid catfish in aquaculture
conditions is presented in the paper by A. Krog-
dahl et al. (2022). The correspondence of the li-
pid profile of fatty acids of clariid catfish to the
composition and ratio of fatty acids in fresh-
water fish lipids is shown, that is, the sum of
biologically valuable fatty acids EPA and DHA is
5.3, the total amount of PUFAs »-3 is 6.47 and
-6 is 22.45% (Bal-Prylypko et al., 2018).

Clariid catfish is in demand in Ukraine due
to its high taste properties and the possibility
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of producing a large variety of culinary dish-
es. Considering the recommendations of FAO/
WHO and the European Organisation in the
field of health nutrition, it is important to know
the biological value of proteins, lipids, miner-
al composition, and safety indicators of cat-
fish meat in aquaculture of Ukraine and assess
their compliance with these recommendations.
Therefore, the study of the amino acid, lipid
profile, and mineral composition of meat of
this type of fish in the aquaculture conditions
in Ukraine is relevant.

The purpose of the study was to investigate
the biological value of protein, lipids, mineral
composition, and safety of catfish meat when
growing in Ukraine and evaluate these indica-
tors in accordance with the recommendations
of FAO/WHO to meet the daily human need for
essential nutritional factors.

Materials and Methods
The research was conducted at the laboratories
of the Department of Meat, Fish and Seafood
Technology of the Faculty of Food Technology
and Quality Management of the National Uni-
versity of Life and Environmental Sciences of
Ukraine in June-December 2023.

The object of research was the nutritional
value of the meat of clariid catfish C. gariepi-
nus grown in the aquaculture farm LLC “Aqua
System Organic” (Kyiv Region, Vasylkiv city).
Meat samples were taken from fish weighing
956,986 and 1,021 g, crushed in a blender, and
the amino acid composition of protein, fatty
acid profile of lipids, mineral composition and
content of heavy metals and radionuclide *°Sr
was analysed. The content and composition of
fatty acids were determined by liquid chroma-
tography at the O.V. Palladin Institute of Bio-
chemistry of the National Academy of Sciences
of Ukraine using an HRGC 5300 device (“Carlo
Erba”, Italy). The lipid extract was prepared
according to the method described in (Folch et
al., 1957), dissolved in benzene, placed in a
flask closed with a glass plug, and stored at

a temperature of negative 18°C. An aliquot
of 0.5 cm® of the lipid extract was placed in a
glass ampoule, 1.5-2.0 cm?, 1.0N of HCI solu-
tion in methyl alcohol was added, the ampoule
was hermetically sealed and boiled for 50 min
in a water bath. At the end of heat treatment,
the ampoule was opened, the same amount of
water was added, the organic component was
extracted with distilled hexane and dried with
anhydrous sodium sulphate. The dried extracts
were evaporated on a rotary evaporator, the re-
sulting fatty acid methyl esters were dissolved
in benzene, applied to glass plates coated
with KSK silica gel, and the solvent was evap-
orated. A layer of purified esters was removed
from the glass plate and washed with hexane
on a Schott No. 4 filter. The resulting pure es-
ter mixture was dissolved in hexane and ana-
lysed using chromatographic columns filled
with W/HP chromosome sorbent impregnated
with Silar 5 cp liquid phase and analysed on
an HRGC 5300 chromatograph at 140-250°C
and temperature increase by 2°C per minute.
The identification of individual fatty acids was
carried out in accordance with Sigma-Aldrich
standards. The content of each fatty acid was
expressed as a percentage of the total amount.
The mass fraction of essential amino acids was
determined by liquid chromatography using
an automatic analyser T-339 (T 339, Czech
Republic) at the O.V. Palladin Institute of Bi-
ochemistry (Ukraine). The protein hydrolysis
of C. gariepinus meat was carried out at 110°C
for 24-36 hours. For this purpose, samples of
crushed meat weighing 1-5 mg were mixed
with 6N hydrochloric acid. Identification of in-
dividual amino acids was carried out based on
Sigma-Aldrich standards. The content of the
tryptophan amino acid was determined at the
V. Dokuchaev Kharkiv National Agrarian Uni-
versity according to DSTU 4507:2005 (2008)
method. Crushed fish meat was decomposed
by alkaline hydrolysis to determine tryptophan
with the conversion of the amino acid to free
form, its isolation by column ion exchange
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chromatography with Post-column derivati-
sation with ninhydrin. The mineral compo-
sition was studied at the Ukrainian Research
Institute of Alcohol and Food Biotechnolo-
gy according to DSTU 7525:2014 (2015). The
mineral composition was investigated at the
Ukrainian Research Institute of Alcohol and
Food Biotechnology in accordance with DSTU
ISO 11885:2005, by inductively coupled plasma
atomic emission spectrometry; the content of
heavy metals was determined by atomic ab-
sorption spectrometry; the mineralisation of

samples was carried out according to DSTU
7670:2014.

Results

Investigation of the amino acid composition of
C. gariepinus meat protein in comparison with
other freshwater fish

An assessment of the compliance of the
amino acid composition of C. gariepinus meat
protein with FAO/WHO recommendations and
its comparative characteristics with those of
other freshwater fish are provided in Table 1.

Table 1. Compliance of the amino acid composition with meat protein of C. gariepinus
and other freshwater fish, g/100 g of protein

Name of fish Ideal protein
. . . according to
Name of EAC C. carpio C. idella H. molitrix FAO/WHO
C. gariepinus* (Bal-Prylypko (Bal-Prylypko (Bal-Prylypko (Dietary Ref.
et al., 2018) et al., 2018) et al., 2018) 2017)
Protein content,
in % of the
total chemical 16.80 15.60 17.10 18.70
composition
AAED9, incl. 48.4 50.38 45.09 32.60 27.70
VAL 4.8 6.47 4.19 2.24 3.90
ILE 4.3 4.71 4.90 3.68 3.00
LEU 9.9 10.58 8.80 7.38 5.90
MET+CYS 4.4 2.94 2.97 1.13 2.20
THR 4.3 5.29 4.60 2.63 2.30
PHE + TOUR 7.7 7.64 7.96 5.63 3.80
TRP 0.8 1.06 0.9 Traces 0.60
LYS 10.1 11.17 10.29 7.23 4.50
HIS 2.1 0.52 0.48 2.68 1.50

Notes: *- results of the author’s own research
Source: developed by the author

Analysis of the data in Table 1 shows that
the total amount of essential amino acids in
the proteins of catfish meat in the conditions
of aquaculture in Ukraine exceeds their recom-
mended value in ideal protein by 74.72% (48.40
vs. 27.70 g/100 g of protein). In carp — by 81.87%
(50.38vs.27.70g/100 g of protein), in grass carp —
by 62.77% (45.09 vs. 27.70 g/100 g of protein), in

Animal Science and Food Technology. 2024. Vol. 15, No. 2

silver carp — by 17.68% (32.60 vs. 27.70 g/100 g
of protein). The results obtained allow estimat-
ing the biological value of protein based on the
amino acid score assessment of the protein
value of C. gariepinus in terms of amino acid
speed compared to this indicator in freshwater
fish such as carp C. carpio, grass carp C. idella,
and silver carp H. Molitrix shown in Figure 1.
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Figure 1. Protein amino acid composition of the main commercial freshwater fish of Ukraine
Notes: 1 - C. gariepinus; 2 — C. carpio; 3 - C. idella; 4 — H. Molitrix

Source: developed by the author

As can be seen from the figure, the scores
of all AAE9 in meat protein C. gariepinus ex-
ceeds 100%, which characterises its high bi-
ological value. The highest rate for lysine was
determined — 224%. This amino acid belongs
to the aliphatic, the group of acids that en-
sure the growth of the body, takes part in the
transport of fatty acids, and helps to reduce the
level of triglycerides. Meat proteins of C. sagrio,
C. idella, H. Molitrix also contain a high amount
of this acid, the rate of which is 239, 228, and
160 %, respectively. The decrease in the rate of
essential amino acids in catfish meat is found
in the following sequence: LYS (224%), PHE+-
TYR (202%), MET+CYS (200%), LEU (167%), ILE
(143%), TRP I HIS (140%), VAL (123%). In other
freshwater fish, the tendency to decrease the
speed of AAE(9) is different: in carp, HIS - 347,
LIS — 239, THR - 221, PHE+TYR - 194, LEU -

173, MET+CYS - 167, TRP - 166, VAL - 160,
ILE - 150; in grass carp, LYS - 228, PHE+TYR -
209, IKE - 163, TET+CYS — 135, VAL — 107, LEU -
83, HIS - 32; in silver carp JIS — 178, LYS - 160,
PHE+TYR - 148, LEU - 125, ILE - 122, THR -
114, TRP - 83, VAL - 57, MET+CYS - 51, %, re-
spectively.

The protein of carp and catfish meat is also
complete in contrast to the protein of grass
carp and silver carp, in which limiting amino
acids are determined, the rate of which is as
follows: HIS — 32% and LEU - 83%; TRP - 83%,
MET+CYS - 51% and VAL — 57%. Assessment of
the biological value of lipids in C. gariepinus in
comparison with other freshwater fish. Results of
studies of the fatty acid composition of lipids in
C. gariepinus meat in comparison with these in-
dicators of this fish species obtained in central
Europe and carp are presented in Table 2.

Table 2. Comparative characteristics of fatty acid composition of meat lipids in C. gariepinus

from various aquaculture conditions and carp, in %

% of the total amount of fatty acids

Name of fish FAO/WHO
Fatty acids Acid code C. gariepinus*® fog;;:lrlug (Bal?i’lc‘glrsel;‘l)(o et (rlgfg::rl;li?e(}:;?ltz
al., 2022) al., 2018) Values..., 2017)

Saturated, incl. 32.61 30.50 27.52 30

F12DO 12:0 - 0.03 0.23

F14DO 14:0 2.69 2.87 1.75

F15DO 15:0 0.93 0.25 0.31

F16DO 16:0 21.93 21.76 18.39
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Table 2. Continued

Name of fish FAO/WHO
Fatty acids Acid code C. gariepinus C. carpio re(_:ommendations
C. gariepinus* (Krogdahl et (Bal-Prylypko et (Dietary Reference
al., 2022) al., 2018) Values..., 2017)
F17DO 17:0 - 0.38 0.83
F18DO 18:0 7.06 5.02 6.01
F20DO 20:0 0.19
?flgfounsat“rated’ 40.52 36.33 49.07 60
F14D1 14:1 - 0.08 -
F15D1 15:1 - 0.02
F16D1 16:1 6.89 0.67 7.32
F16D1CN9 16:1 cis9 - 4.69 -
F17D1 17:1 - 0.14 0.06
F18D1 18:1 4.86
F18D1CN9 18:1 cis9 31.09 28.08 35.99
F20D1 20:1 2.35 0.54
F22D1 22:1 2.54 0.21 0.30
F24D1 24:1 - 0.09 -
PFA, incl. 21.87 29.99 11.44 10
F14D2 14:2 - 0.05 -
F16D2 16:2 - 0.08 -
F18D2N6 18:2 10.99 19.79 4.86
F18D2TCON 18:2 - 0.14 -
F18D3N6 18:3 - 1.85 -
F18D3N3 18:3 2.18 0.6 4.91
F18D4 18:4 - 0.72 -
F20:2D2 20:2 3.95 0.20 0.32
F20:3D3 20:3 - 0.48 -
F20:4D4 20:4 0.53 0.21 -
F20:4D4N6 20:4 - - 0.36
F20:5D5N3 20:5 1.37 3.09 0.56
F22:5D5 22:5 0.46 0.57 -
F22:6D6N3 22:6 2.39 2.21 0.43
Unidentified 5.08 3.18 11.97

Source: developed by the author

The results of the comparative charac-
teristics show that the sum of saturated fatty
acids of lipids of catfish grown in aquacul-
ture conditions in Ukraine is slightly higher
than the recommendations of FAO/WHO and
amounts to 32.61 against 30% of the total
amount of fatty acids. The mass fraction of
monounsaturated fatty acids (MFA) is 32.61%
less and the sum of polyunsaturated fatty ac-
ids (PFA) is 118.7% more than the FAO/WHO
recommendations (Fats and fatty acids in hu-
man nutrition, 2010). Among saturated fatty
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acids, a high level of palmitic acid was ob-
served both in lipids of catfish from the aqua-
culture conditions in Ukraine and from other
aquaculture conditions of this species — 21.93;
21.76% (Krogdahl et al., 2022) and freshwater
carp — 18.39%, respectively. For monounsatu-
rated fatty acids (MFA) in the lipids of catfish
meat and other freshwater fish, the dominance
of oleic acid (F18DICN9) 18:1 »-9: 31.09 % —in
catfish lipids in Ukraine aquaculture; 28.08% —
in catfish in other aquaculture conditions; and
35.99% - in carp lipids were determined. The
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amount of polyunsaturated fatty acids (PFA)
in catfish lipids in aquaculture conditions in
Ukraine is more than twice the amount recom-
mended by FAO/WHO and equals 21.87 against
10%. A high mass fraction of these acids was
also found in catfish lipids under other aq-
uaculture conditions — 29.99%. In freshwater
carp fish, the content of these acids is clos-
er to the recommended amount. Among the
polyunsaturated fatty acids of catfish lipids,
the largest mass fraction was determined for

linoleic acid (F18D2N6) 18:2 w-6. In the con-
ditions of catfish aquaculture in Ukraine, this
acid amounts to 10.99, in other conditions —
19.79 (Krogdahl et al., 2022) and in carp -
4.86% (Bal-Prylypko et al., 2018), respectively.
Assessment of the biological value of fish
meat lipids based on the ratio of individual
classes and certain fatty acids in accordance
with the ideal lipid (Tsypriyan et al., 2007) and
the FAO/WHO recommendations (Fats and
fatty acids..., 2010) are shown in Table 3.

Table 3. Assessment of the biological value of lipids in catfish meat and other freshwater fish

Fatty acid ratio
. ) . ) F18D2N6 : F18D2N6 : @6
Name of lipid type SFA : MFA : PFA  PFA : SFA F1SDICN9 F18D3N3 Y -3
(Fats and fatty acids
(Tsypriyan et al., 2007) ...2010)
Ideal lipid 1:1:1 0.2-04 >0.25 >7 10-5
C. gariepinus™ 1.49:1.80:1 0.67 0.35 5.04 1.8:1
C. gariepinus (Krogdahl ety g5 1 g . ¢ 0.98 0.70 7.71 3.39:1
al., 2022)
C. carpio (Bal-Prylypko et 4. 4 95 .1 0.41 0.13 0.98 0.9:1.0
al., 2018)

Source: developed by the author

Analysis of the data in Table 3 shows that
in catfish meat lipids in all aquaculture con-
ditions, the ratio of saturated (SFA) to mono-
unsaturated (MFA) and polyunsaturated (PFA)
fatty acids does not correspond to the ideal
lipid indicators due to the excess of the mass
fraction of SFA and MFA and the amount of PFA
by 1.49 and 1.80 (under the conditions of aqua-
culture in Ukraine) and by 1.98 and 1.80 times
(under other aquaculture conditions) (Krog-
dahl et al., 2022), respectively. The PFA : SFA
ratio in catfish lipids under all aquaculture con-
ditions is higher than in the ideal lipid and is
0.67 and 0.98 versus 0.2-0.4 in the ideal lipid.
In carp lipids, this indicator is consistent with
the ideal lipid — 0.41. The ratio of fatty acids
F18D2N6 : F18D1CN9 in catfish lipids under
various aquaculture conditions is higher than

in the ideal lipid: in catfish from aquaculture of
Ukraine, this indicator is 0.35 against >0.25 in
the ideal lipid, in carp - less than twice (0.13).
As for the indicator F18D2N6 : F18D3N3, in
the ideal lipid it is >7 and is consistent only
with catfish lipids in the aquaculture of an-
other country (7.71); in the aquaculture of
Ukraine - 5.04 against >7. The ratio of the sum
of fatty acids o-6: -3 has recently been given
considerable attention due to their functional
and metabolic significance in the regulation of
lipid metabolism (Fats and fatty acids ..., 2010;
Sharma & Agnihotri, 2020). According to the re-
sults of studies, the ratio of these acids does not
coincide with the ideal lipid, but it indicates a
high mass fraction of ®-3 fatty acids, which are
particularly deficient in the human diet. In an
ideal lipid, this ratio is 10:5, in catfish in the
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conditions of aquaculture in Ukraine - 1.8 : 1,
and in the conditions of aquaculture in another
country — 3.39 : 1. Carp lipids in this indicator
can also be attributed to biologically valuable
due to the high content of fatty acids of the »-3
family, namely, almost on a par with acids of
the -6 family (0.9 : 1.0).

Investigation of the mineral composition of
C. gariepinus meat in the conditions of aquacul-
ture in Ukraine.

Table 4 shows the content of mineral el-
ements in C. gariepinus meat and its compli-
ance with the daily requirement of an adult
person.

Table 4. Characteristics of the mineral composition of meat of C. gariepinus, mg/100 g of meat

Name of mineral element C. gariepinus

Daily requirement (Tsypriyan et al., 2007)

K 343+15 2,500
Na 42.10.7 1,300
Mg 23.240.7 400
Fe 0.230.02 15.00

2 0.40.02 12.00
Se 0.0140.002 0.055

P 20815 700-4,000

Source: compiled by the authors

According to the findings, the content of a
single mineral element in the composition of
C. gariepinus meat cannot cover the daily re-
quirement of an adult (Tsypriyan et al., 2007),
however, is of interest as an additional source

of essential macro- and micro-elements. In
terms of the content of heavy metals such as
Pb and Cd and the radionuclide °°Sr, catfish
meat meets safety requirements (Codex gen-
eral..., 2009) (Table 5).

Table 5. Content of heavy metals and radionuclides in the meat of C. gariepinus (n=23, p<0.05)

Indicator Meat of C. gariepinus Acceptable levels (Codex general..., 2009)
Heavy metals, mg/100 g
Pb Not detected 1.0
Cd Not detected 0.2
Radionuclides, Bg/kg
St 0.039+0.001 100

Source: developed by the author

The heavy metals Pb and Cd are not detect-
ed in the meat of S. gariepinus, and the content
of the radionuclide *°Sr is at a low level. Thus,
according to the indicators under study, chan-
nel catfish meat is safe in the conditions of aq-
uaculture in Ukraine.

Discussion
During 2021-2023, the important contribution
of fisheries and aquaculture to food securi-
ty and nutrition of the population in the 21%
century was increasingly recognised, as it has
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provided an increased supply of aquatic animals
to global markets. Food products from aquat-
ic organisms are one of the most popular food
groups in the world. This is conditioned by the
features of such products, which are a source
of essential and non-essential elements of nu-
trition, namely, easily digestible proteins with
all proteinogenic amino acids, monounsaturat-
ed fatty acids -9, polyunsaturated fatty acids
-6 and -3, vitamins, macro- and micro-ele-
ments. Therefore, the world has determined an
annual increase in the level of consumption of
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fish products, which in the future will be more
than 20-22 kg per year. Fish raw materials and
products are more closely related to the recom-
mendations of domestic and international or-
ganisations to ensure the daily human need for
high-quality and health-improving nutrition.
However, no product made from any raw mate-
rial can fully meet these needs (Mamndeyati &
Tidi, 2023). Therefore, in the future, innovative
technologies for the development of poly-com-
ponent food products will be developed based
on studies of all indicators of the quality and
safety of raw materials, mathematical model-
ling of the recipe composition of products that
would correspond to or be close to the recom-
mended values to meet the needs of the human
body. That is why the obtained data on the nu-
tritional value of catfish meat from aquaculture
in Ukraine are important for developing recom-
mendations for improving its processing tech-
nologies and creating health-improving nutri-
tion products.

In recent years, aquaculture of the Clarias
gariepinus catfish of the Clariidae family has
been developing in Ukraine, which was empha-
sised by U.E. Sharylo et al. (2020) and M.V. Za-
dorozhnii (2023), and this type of fish is in great
demand among the population for the produc-
tion of various culinary products. However, un-
til the next time, data on nutritional value are
limited only to materials regarding the chemi-
cal composition and some technological char-
acteristics of meat. Thus, I. Bal et al. (2023a)
established that organoleptic characteristics
of fresh clariid catfish meet the requirements
of the standard; in terms of mass composition,
the largest share belonged to the carcass —
58.07 £ 2.40%, the fillet was 43.68 £ 2.00%, the
last mass fraction of 20.01+2.73% is accounted
for by the head, bones, viscera, and fins.

According to I.M. Bal et al. (2023b), nu-
tritional value of C. gariepinus is determined
by a high fat content (26.2 = 1.32%), which is
not consistent with the data of this indicator
in catfish from natural conditions and is high-

er than in aquaculture conditions in Nigeria.
According to S.0. Okonkwo et al. (2020), cat-
fish meat, both in aquaculture and in vivo, is
low in fat (12.0+1.4-12.9+2.8%), this may be
conditioned by the weight of the fish samples
under study (200 g against 989.0 and 1,450 g
in the conditions of aquaculture in Ukraine).
The protein content of catfish meat from the
conditions of aquaculture in Ukraine exceeds
this indicator in fish from other countries and
living conditions, which determined the high-
est energy value of its meat (506.7 £ 7.1 vs.
492.2 £7.2 kcal). These data once again high-
light the influence of growing conditions and
feed on the chemical composition of fish meat.
In accordance with the recommended norms
of physiological needs for the ratio of protein,
fat, and carbohydrates in the daily diet as 1:1:4
(Order of the Ministry of Health of Ukraine
No. 1073, 2017) the results of current research
and literature sources on the chemical compo-
sition of catfish meat do not coincide. The pro-
tein content of channel catfish meat is 2.5 and
2.85 times higher than fat (Folch et al., 2023;
Bal et al., 2023a).

Meat protein of catfish in the conditions
of aquaculture in Ukraine is characterised by
its biological value, which is determined by the
high content of essential amino acids (AAE9).
The total amount of these acids is 48.40 against
the ideal protein content of 27.70 g/100 g of pro-
tein, that is, 74.29% higher. The qualitative and
quantitative composition of AAE9 catfish meat
protein is consistent with the literature data of
this indicator in other freshwater fish. Thus, in
the studies by L. Bal-Prylypko et al. (2018) the
protein of carp and crass carp meat was deter-
mined to be 50.38 and 45.09 g per 100 g of these
acids. Thus, channel catfish meat protein can be
recommended as a source of biologically valu-
able animal protein in the human diet. Regu-
larities in the composition of AAE9 in catfish
and other freshwater fish meat have also been
established, which are manifested in the high
content of LYS (the ratio of this acid is 224% in
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catfish and 160 to 239% in other freshwater fish
(Suleiman et al., 2023).

Lipids are produced, transported, and rec-
ognised by the coordinated action of numer-
ous protein-binding enzymes and receptors.
Therefore, a comprehensive analysis of lipids
is crucial for understanding their impact on
the nutritional value and technological prop-
erties of fish meat. The fatty acid composition
of lipids is a very important indicator of the bi-
ological value of raw materials. As previously
determined, the total amount of saturated fat-
ty acids (SFA) in catfish lipids is slightly higher
than the FAO/WHO recommendation, amounts
to 32.61% versus 30% of lipids, and is a typical
feature for other freshwater fish. Thus, in the
lipids of catfish from other aquaculture condi-
tions, the sum of these acids is set at 30.50%, in
carp — 27.52 %. Among this class of fatty acids,
a high content of palmitic acid F16D0 was de-
termined — 21.93%. A similar dependence was
obtained in the study of catfish meat lipids in
other aquaculture conditions - 21.76% (Kro-
gdahl et al., 2022) and in lipids of freshwater
fish: 18.39% in carp and 24.40% in grass carp
(Bal-Prylypko et al., 2018). Palmitic acid can
simultaneously bring benefits and harm for
human health, namely, positively affect the
condition of the skin, take part in the synthesis
of important fatty acids for humans, and sup-
port cellular functions, as noted by J.K. Grant et
al.(2024). However, in large quantities, this acid
can contribute to the deterioration of brain
function, the appearance of excess weight, and
cause the development of cardiovascular dis-
eases, as noted by F.M. Sacks et al. (2017).

The total amount of monounsaturated fatty
acids (MFA) in channel catfish lipids under ag-
uaculture conditions in Ukraine is 33.34% less
than the recommended amount (Fats and fatty
acids..., 2010), which is consistent with this in-
dicator in the main commercial freshwater fish
and catfish under other aquaculture conditions.
The researchers determined a total amount
of MFA in the lipids of catfish aquaculture in
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another country is at the level of 36.33%, which
is 39.45% less than recommended by FAO/WHO.
The level of the sum of these acids in carp lipids
is closer to their balanced content and is 49.07%
(18.34% less). A characteristic feature of fatty
acids of this class is the dominance of oleic acid
F18DICN9 both in the lipids of catfish aquacul-
ture of Ukraine, other aquaculture conditions,
and lipids of freshwater fish. In studies of the
fatty acid composition of catfish lipids in aqua-
culture conditions in another country, 28.08%
of this acid was found (Krogdahl et al., 2022), in
Carp-35.99% (Bal-Prylypko et al., 2018). Oleic
acid ®-9 is not classified as essential (Grant et
al., 2024), because it can be produced by the hu-
man body from unsaturated fatty acids and is
not necessary in the diet. However, the positive
effect of this acid on the duration and quality of
human life, activation of lipid metabolism, and
promotion of the penetration of active compo-
nents into the stratum corneum of the skin has
been shown. Therefore, a balanced intake of
this acid is recommended.

The total amount of polyunsaturated fatty
acids (PFA) exceeds the FAO/WHO recommen-
dation by more than two times in the lipids of
catfish aquaculture of Ukraine and is 21.87%
against 10 (Table 2). In other aquaculture con-
ditions, the content of these acids in catfish
lipids is three times higher — 29.99% (Krog-
dahl et al., 2022). In carp lipids, the amount of
PFA meets the recommendations and is 11.44%
(Bal-Prylypko et al., 2018). In the first place
in terms of quantity is linoleic acid F18D2N6
(10.99%). In the fatty acid composition of cat-
fish lipids from other aquaculture conditions,
a high content of this acid was also deter-
mined - 19.79% (Krogdahl et al., 2022). The
lipid profile of freshwater fish is characterised
by its low level: 4.86% was determined in carp,
10.66% in grass carp, and 4.54% in silver carp
(Bal-Prylypko et al., 2018). With a sufficiently
high mass fraction of polyunsaturated fatty ac-
ids (PFA) - (20.87 vs. 10% recommended), only
the 1.8:1 ratio of w-6/w-3 fatty acids indicates
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the biological value of catfish meat lipids. The
ratio of certain classes and individual fatty ac-
ids in an ideal lipid proposed by V.I. Zsyprian et
al. (2007) is declarative and until further no-
tice, experimental confirmation of these data
is very limited. The effect of the w-6/w-3 fatty
acid ratio on nutritional value has been stud-
ied to the greatest extent. This indicator has
recently received considerable attention due
to the participation of these acids in the reg-
ulation of lipid metabolism (Sharma & Agni-
hotri, 2020; Chen et al., 2023). PFA deficiency
of the -3 and w-6 families disrupts metabolic
processes in the human body, which can cause
serious diseases. Low levels of essential fatty
acids eicosapentaenoic (F20 : 5d5n3) — 1.37%
and docosahexaenoic (F22:6d6n3) — 2.39% are
typical for freshwater fish. Thus, in the lipids of
carp, grass carp, and silver carp, these acids are
present in a minimum amount: F20 : 5D5N3 -
0.56; 0.57; 1.47%, respectively; F20 : 5D5N3 —
0.43; 0.82; 0.35% (Bal-Prylypko et al., 2018).
Recently, these acids have received consider-
able attention in the human diet and are rec-
ommended for the prevention and treatment
of cardiovascular and many other diseases, as
indicated by P. Sharma & N. Agnihotri (2020).
It was established that the use of sufficient
amounts of these acids prevents the occur-
rence of atherosclerosis, coronary diseases,
and stimulates the immune system. These
acids have been shown to have anticholester-
ogenic and anti-lipogenic effects. The source
of much-needed PFA of the »-3 and ®-6 fam-
ilies is a variety of marine and oceanic species
(Manson et al., 2019; Menchynska et al., 2021).
Therefore, based on these data, it can be rec-
ommended to improve catfish meat process-
ing technologies by enriching pasty products
with fats from marine fish species to meet
the daily human need for essential fatty acids
F20 : 5D5N3 and F22 : 6D6N3. The technology
of these products allows modelling their nu-
tritional value with specified properties for al-
most all factors.

The importance of providing a person’s
daily needs with mineral elements is condi-
tioned by their participation in many metabolic
processes, so the results of the studies on these
indicators and their agreement with the recom-
mended values are important for evaluating the
nutritional value of catfish meat. Low levels of
K, Na, Mg, Fe, Z, Se, and P were found (Table
5), which cannot meet a person’s daily need for
these nutritional factors. Similar characteris-
tics of the mineral composition of meat were
noted by L. Bal-Prylypko et al. (2018) in fresh-
water fish. However, raw materials from fresh-
water fish can be used as an additional source of
mineral elements. Catfish meat meets the safe-
ty requirements by the content of heavy metals
such as Pb and Cd, and radionuclide *°Sr, and is
consistent with the data of these indicators for
other freshwater fish of aquaculture in Ukraine.

Thus, according to such indicators of nutri-
tional value as the qualitative and quantitative
composition of essential amino acids, clariid
catfish meat in the conditions of aquaculture in
Ukraine meets the recommendations for protein
usefulness. The lipid component for the con-
tent of essential fatty acids requires the design
of multicomponent food products by enriching
catfish meat with lipids from marine aquatic
organisms to provide the human diet with es-
sential fatty acids F20 : 5D5N3 and F22 : 6D6N3.

Conclusions

Aquatic food products make an important con-
tribution to food security and nutrition, are in
high demand among the Ukrainian population,
and are among the most popular food groups.
Over the past few decades, Ukraine has been
farming Clarias gariepinus, a catfish that is in
great demand. However, the lack of systematic
studies of the nutritional value of its meat limits
the improvement of processing technologies.

The biological value of catfish meat pro-
teins is determined by the content of all essen-
tial amino acids, the sum of which is 74.72%
higher than in the ideal protein according to
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the recommendations of FAO/WHO. The ra-
tio of all essential amino acids is above 100%
and indicates the absence of limiting ones.
The composition of fatty acids and lipids of
catfish meat is typical for freshwater fish and
this species grown in other aquaculture condi-
tions. A high content of palmitic acid - 21.93%,
oleic acid - 31.09% and linoleic acid — 10.99%
was determined. The biological value of lipids
is determined by the ratio of fatty acids of the
0-6/w-3 family as 1.8:1 at the recommended
10:5, which indicates the possibility of using
lipids of this fish to regulate lipid metabolism
and as a source of fatty acids of the -3 fami-
ly that are particularly deficient in the human
diet. The content of macronutrients K, Na, Mg,
Fe, Z, Se, and P is significantly less than the dai-
ly requirement of an adult, but their presence
in catfish meat can be an additional source of
them when consumed. Catfish meat is safe in
terms of the content of heavy metals Pb, Cd and
the radionuclide *%r.

Thus, the data on the nutritional value of
Clarias gariepinus meat, grown in aquaculture
in Ukraine, were obtained, namely, the biolog-
ical value of protein and lipid components, the
content of some essential mineral elements,
heavy metals and °°Sr radionuclide. The totality
of these data indicates a high biological value
of proteins due to the qualitative and quanti-
tative content of essential amino acids, the
speed and sum of which exceeds the FAO/WHO
recommendations for an ideal protein. Lipids

are characterised by a low content of polyun-
saturated fatty acids and almost no particularly
valuable fatty acids EPA and DHA. However, the
lipid value of this type of fish is determined by
the ratio of fatty acids of the w-6/w-3 families
as 1.8 : 1 with the recommended 10:5. Given the
deficiency of ®-3 fatty acids in the adult diet,
catfish lipids are of interest as a source of these
acids. However, the nutritional value of any fish
and other raw materials does not meet the rec-
ommendations for health-improving nutrition.
Undoubtedly, the C. gariepinus is in great de-
mand among the population of Ukraine. There-
fore, promising areas for further research will
be associated with the development of multi-
component paste products, the formulation of
which is planned to be enriched catfish meat
with polyunsaturated fatty acids such as eicos-
apentaenoic and dogosahexaenoic from marine
aquatic organisms.
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AHoTaunig. XapuoBa LiHHICTP CHUPOBMHM BU3HAYAETHCS CYKYMHICTIO TIOKa3HUKIB, sKi
XapaKTepu3yloTh 6i0MOTiYHY LiHHICTb GiNIKY, MiMimiB, MiHEpaJIbLHOTO CKIamy Ta 6e3mneku. Tomy ixX
JOCITiTKEHHS y M’SICi OMHOTO i3 00’€KTiB aKBaKy/IbTyp YKpaiHM — KJIapi€BOr0 COMUKY € aKTyaTbHUM.
Merta po60TH mojisiraia y JoCTiakeHHi 6iomoriunoi miHHOCTI 61Ky, JIiMTigiB, MiHEpaJbHOTO CKIALY,
6e3Mexky M’sica COMMKY IIpM BUPOILyBaHHI B VKpaiHi i OL[iHKM 11X MOKa3HUKIB y BigmoBigHOCTI
o pekomenpariiin ®AO/BOO3. AMiHOKMCIOTHMIA CKiTaj 61Ky BU3HAYaIM METOIOM i0OHOOOMiHHOT
piguHO-KoJOHOUHOI XpomaTtorpadii Ha aBTOMaTMuHOM aHajiizaTope T 339 (Yexis); >KUPHO-
KUCJIOTHUIT CKJIaf, dimigiB - Ha rasoBom xpomarorpadi HRGC 5300 («Carlo Erba», Itamis).
MiHepanpuuit cKaag M’sica AOCTIIKYBaJIM METOLOM AaTOMHO-eMiciifHOi crekTpometpii 3
iHOYKTMBHO-3B’S13aHOI0 IJITAa3MOI0; BMICT BaXKKMX METajiB — METOJOM aTOMHO-abcopOuiifHol
cnektpoMeTpii. docaimskeHHSI aMiHOKMCIOTHOTO CKIaAy OiIKy BM3HAUMIO MPUCYTHICTH YCix
He3aMiHHMX aMiHOKMCJIOT Y KiJIbKOCTi CYTTEBO IEPEBUILEHOI Y ileaqbHOMY 6i/IKY y BigmoBigHOCTI
o pekoMmeHpaniin ®AO/BOO3, 110 CBiZUMTD MMPO BUCOKY 6i0NIOTiUHY IiHHICTh. JKUPHOKMUCIOTHUI
CKJIaJ JIiTiiB € TUITOBUM JIJISl IIPiCHOBOZHUX PUO Ta JIMiZiB COMUKY i3 iHIITMX YMOB aKBaKyIbTYPU.
BiosnoriuHa IiHHiCTh TiMiiB M’Sica COMUKY BU3HAUYAETHCS CITiBBiTHOIIEHHSIM SKUPHUX KUCIOT POAVH
®-6/w-3 sk 1,8:1,0 npu pekomenmoBaHomy 10:5, Mo CBiIUMTH TPO MOKIUBICTD BUKOPUCTAHHS
nimigis wiei pubu y sIKOCTi Akepesna 0co6amnBo MedilUTHUX Y PaLliOHi TIOAMHU KUPHUX KUCTOT
®-3. Huspkuii piBeHb NOJIi HEHAaCMUYEHMX KMPHUX KUCJIOT Ta BiACYTHICTh He3aMiHHMX >XKMPHUX
KUCIOT eiiko3aneHTaeHoBoi (EIIK) Ta moko3arekcaeHoBoi (IT'K) KMCIOT mae migcraBy GopMyBaTu
Iu3aifH GioJNIOTiYHO IIHHMX TPOAYKTIB 3 M’SICA COMMKY ILUISIXOM Jioro 36arayeHHs Jiimigamu
MOPCbKUX Tifpo6ioHiB. [IpakTUYHA 3HAUMMICTb PE3YAbTATIB AOCTIAKEHD TMOISTAE B OTPUMAHHI
OPUTiHAIBHUX AAHUX MOJ0 XapuoBOi LIIHHOCTI M’sica OJHOTO i3 06’€KTiB aKBaKyAbTYpM YKpaiHu,
BM3HAUeHi CTYMeHIO 3aJJ0OBOIEHHST T0O0BO1 MOTPeOU JIOIMHM IIPY H0TO CIIOKMBAHHI Ta PO3PO6KU
peKoMeHallii o0 pallioHaIbHOTO BUKOPUCTAHHS

Ki11040Bi c/1oBa: M'SICO COMMKY; aMiHOKMCIOTY He3aMiHHi; SKUPHi KUCIOTH; TIOKa3HUKM O6e3MeKM;
Ba)KKi MeTasu; pagioHyK/Iian
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Abstract. The introduction of additives of plant or animal origin into meat products is currently
a steady trend in food technologies due to the possibility of obtaining unique properties of
products and reducing their cost, which justifies the relevance of the conducted research. The
purpose of the study was to build a mathematical algorithm that can determine the regularities
of changes in the main parameters of the process of preparing minced meat semi-finished
products with vegetable additives, which would help to establish the trends in the development
of technical and technological efficiency of mechanisation of the system of fine grinding of raw
materials for the production of sausage products. The addition of spelt flour and mushrooms as
ingredients to the minced meat mass was investigated, which allows, together with reducing the
cost of production of cooked sausage products, significantly improving the organoleptic quality
indicators of products, reducing their caloric content and extending the shelf life for consumption.
The wild variety of spelt used in this scientific work as an alternative to its cultivated varieties
has significantly less allergic activity and, accordingly, a lower proportion of gliadins, which form
the basis of wheat gluten; which justifies the practical significance of the study. A microstructural
analysis of minced meat of control and experimental samples of boiled sausages was performed,
which revealed that the latter category of meat product is characterised by increased density
and elasticity due to the inclusion of spelt microparticles in the vacuole of the meat fraction.
According to the results of experimental studies, using the “dimension analysis” method and the
Federman-Buckingham theorem, it was possible to obtain a criterion equation for the process
of heat and mass transfer under conditions of intensive mechanical mixing. These process
characteristics were described using the Euler, Fourier, and Sherwood criteria. The compiled
function contains the main factors of external influence on raw materials and their physical
and mechanical characteristics, which allows adequately assessing the diffusion processes in the
technological environment and creating the recommended range when designing technical and
technological support for obtaining high-quality food products

Keywords: spelt; shear stress; minced meat mass; similarity theory; similarity numbers; diffusion;
cooked meat products

Introduction

Currently, thereisasteadytrend of increasing the
population’s demand for meat products, which
leads to a partial reorientation of meat process-
ing enterprises to the production of combined
meat products containing additives of plant and
animal origin. One of the main priorities of the
national policy in the field of healthy nutrition
is a revolutionary restructuring of technologies
to create completely new, qualitatively different
food products that will meet the requirements
of modern consumers and will have a target-
ed adjustment of chemical composition and
functional characteristics. L.V. Bal-Prylypko et
al. (2022) found that the eating habits of the

country’s population as a whole and its vari-
ous regions are characterised by critically low
levels of protein, vitamins, minerals, dietary
fibre, and other vital components. According
to the latest research, a revolutionary potential
in the development of a new market for meat
products through the creation of enriched and
innovative combined products has been noted.
This means using food additives and replacing
some of the raw meat with plant components to
achieve a more balanced composition. This ap-
proach will not only reduce the shortage of meat
products, but also contribute to the develop-
ment of new technologies in the food industry.
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For a long time, the question of the possi-
bility of providing the latest varieties of prod-
ucts with health-improving and medicinal
properties remained for these recipes, which
led to the development of the FOSHU (Foods
for Special Health Use) concept in Japan in 1991.
Based on the results of experimental studies by
L.D. Diaz et al. (2020), it was found that in many
countries the food market of meat products re-
ceived quite a large number of products that
became known under the brand of “function-
al” and focused primarily on consumers with
special needs. Their purpose is to provide basic
nutritional needs while simultaneously having
a positive effect on the physiological state of a
person, in particular, to normalise the concen-
tration of cholesterol in the blood and the com-
position of the bacterial flora of the intestine,
strengthen the immune system, give the prod-
uct anti-inflammatory properties, prolong the
active period and overall life expectancy.

Seven main types of additives characterised
by therapeutic and preventive properties of in-
gredients of functional products, namely, dietary
fibre; minerals; vitamins; antioxidants; polyun-
saturated fatty acids; probiotics and prebiotics,
have been consistently used at Ukrainian en-
terprises. In addition, to improve the condi-
tions for preparing products for consumption,
for hydration of dietary fibre concentrates, the
formulations contain treated water, the qual-
ity of which is subject to strict requirements
by the national standard for drinking water
(DSTU 7525:2014, 2014).

It is common practice to add dietary fibre to
the products, which is necessary for the normal
functioning of the digestive tract, normalisation
of metabolic processes that are not broken down
by human digestive enzymes: cellulose, hemi-
cellulose, and lignin. A.K. Das et al. (2020) argue
that the need for dietary fibre is a consequence
of the evolution of the human gastrointestinal
tract, which since ancient times has consumed
mainly fibre-rich plant foods recommended by
Western diets, normalising the daily requirement

Animal Science and Food Technology. 2024. Vol. 15, No. 2

of which from 14 to 30 g, depending on the age
of the person. V. He et al. (2022) found that di-
etary fibre and whole grains include a unique
range of bioactive components, among which
starch compounds occupy a special place. It is
worth noting that these starchy substances re-
main resistant to enzymes that work in the gas-
trointestinal tract (Takac et al., 2021).

As reported by S.K. Gill et al. (2021), the
growing demand for the use of recipes for meat
products with vegetable additives justifies the
importance of the presented research object,
the need to develop effective models for de-
scribing, evaluating and predicting the dynam-
ics of changes in the characteristics of this prod-
uct, which confirms relevance and prospects for
the development of mathematical modelling
methods shown in the paper. Therefore, the
purpose of the study was to improve the pro-
duction technology of cooked sausage products
and the process of cooking minced meat with
admixtures of spelt flour and champignons by
applying similarity theory and modelling meth-
ods using the “dimension theory” method, de-
veloping a physical and mathematical model of
the studied process of compiling the heat and
mass transfer equation and graphoanalytical
analysis of dependencies between the main pa-
rameters of the process.

To achieve this goal, the following main
tasks were set: to analyse the current trends in
the development of the meat industry regarding
the use of vegetable proteins and enzymes in
the production of semi-finished products; com-
prehensive studies of the functional and tech-
nological properties of plant additives in meat
semi-finished products; to develop an improved
technology for the production of meat semi-fin-
ished products with the addition of, in particu-
lar, spelt flour and mushrooms; to develop a
physical and mathematical model of the process
of cooking minced meat; to draw up an equation
of heat and mass transfer of the process under
study and determine the relationships between
its main parameters.
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The scientific hypothesis of this study is
as follows: the development of a mathemat-
ical model of the minced meat preparation
process is based on the analysis of the factor
space, which reveals experimentally obtained
physical and mechanical characteristics of the
minced meat weight and the driving forces of
the process, the dependencies between which
were replaced by dependencies between simi-
larity numbers that can adequately describe the
process under study.

Literature Review

Many modern studies are increasingly focusing
on the use of various additives of animal and
vegetable origin in meat products. E.B. Rimm et
al. (2022) argue that the lipids contained in the
vast majority of seafood are rich in polyunsatu-
rated fatty acids, docosahexaenoic, and eicosa-
pentaenoic acids, which are present only in this
type of raw material, making marine raw ma-
terials the basis for multicomponent functional
food systems.

M.]. Keenan et al. (2009) concluded that di-
etary fibre in meat mixes stabilises the struc-
ture and increases the ability of minced meat
to retain water in an amount that is 5-30 times
their own weight due to the content of cellulose,
hemicellulose, and lignin in them. S.K. Gill et
al. (2021) proved that the body’s main source
of dietary fibre is legumes and cereals, whole
grains, vegetables, fruits, and nuts. It is impor-
tant to note that dietary fibre is divided into sol-
uble and insoluble. Soluble fibre can be found in
foods such as vegetables, fruits, and nuts, while
insoluble fibre is mostly found in whole grains.

S. Guerra et al. (2021) proved that pectin is
avaluable component of plant additives, which
is included in the basic structure of fruit cells
and green parts of plants. Pectin gels create
the basis of the walls of the stomach and intes-
tines, eliminate acute physical effects, signif-
icantly reducing inflammation of the mucous
membrane. The addition of pectin contributes
to the effective elimination of incorporated

radionuclides from the body, as noted by
V.P. Vasyliv et al. (2021), in particular, biogen-
ic toxins, cholesterol, bile acids, urea, bilirubin,
serotonin; increases immunity and post-radi-
ation recovery of blood enzyme elements, im-
proves the antioxidant activity of blood and
liver tissues. Chitin, as a natural biological pol-
ymer found in fungi, in particular, champignons
or yeast, performs the protective and resisting
function of cells; effectively binds lipids, re-
ducing the activity of fat absorption processes
in the intestine, is necessary for the growth of
hair and nails, according to L. Vyerchenko et
al. (2019). G. Caio et al. (2020) conducted a
study that used seeds of cereals such as wheat,
rye, barley in sausage products, which allowed
increasing the starch content to 4%, which
leads to a reduction in production costs and
allows simultaneously enriching the minced
mixture with dietary fibre. However, it is impor-
tant to consider that the high content of gluten
in these additives can cause genetic diseases,
such as celiac disease, which occurs in a certain
part of the population, which ranges from 0.2%
to 6%, depending on the region of the world.

The scientific manuscript by T. Pintado
& S. Cofrades (2020), described a series of ex-
periments on adding legumes to meat prod-
ucts, which were characterised by a significant
content of essential amino acids and minerals,
which allowed increasing the biological value of
meat mixtures by 15-20% and the energy value
by 3-5%. L.]J. Deleu et al. (2020) proved that the
spelt grain contains up to 24% protein against
12-13% in ordinary winter wheat, and gluten
up to 53% compared to conventional varieties
with a minimum amount of gluten, so it can be
recommended for inclusion in the diets of glu-
ten allergy sufferers. In contrast to the usual
varieties of cultivated wheat, spelt protein is
characterised by an increased content of most
essential amino acids and unsaturated fatty
acids (Allai et al., 2022). D.R. Shah et al. (2020)
noted that the use of spelt as a starchy additive
to minced meat avoids the need to introduce

Animal Science and Food Technology. 2024. Vol. 15, No. 2




42

Physical and mathematical modelling...

dietary fibre into the composition due to their
high grain content (10.7%). When spelt is con-
sumed, the body receives vital trace elements
such as B vitamins, potassium, zinc, manga-
nese, minerals and vitamins that help improve
the body’s immune system and lower blood
cholesterol (Janci¢ et al., 2022).

Thus, the use of spelt flour in the compo-
sition of the meat products under study can
significantly improve the content of essential

acids, vitamins, and valuable trace elements in
the product, creating competition for tradition-
ally used dietary fibre, justifying the prospects
of the developed recipe.

Materials and Methods
Studies of boiled meat products of control and
experimental samples were carried out using
raw materials, the classification of which is pre-
sented in Table 1.

Table 1. List of raw materials for conducting experimental studies

No. Experimental samples
1 red and white meat of broiler chickens (DSTU 3143:2013, 2014)
2 pink salmon caviar (DSTU 8096:2015, 2017)
3 skimmed milk powder (DSTU 4273:2015, 2016)
4 dried crushed champignons (DSTU ISO 7561-2001, 2003)
5 spelt flour (DSTU 46.004-99, 1999)
6 nori algae (DSTU 5013:2008, 2009)
7 olive oil (DSTU 5065:2008, 2009)
8 refined sunflower oil (DSTU 4492:2017, 2019)
9 drinking water (DSTU 7525:2014, 2014)
10 table salt (DSTU 3583:2015, 2017)
11 white sugar according to (DSTU 4623:2023, 2023)

Source: developed by the authors

The moisture binding capacity (MBC) was
determined by the amount of water released
from 300 g of the sample after pressing three
times for 10 minutes with a 1 kg load. Plas-
ticity was determined by pressing the sample
sample after determining the MBC parameter.
The calculation was performed using the spot
area formed by the crushed sample when it was

pressed on filter paper with a static load of 1 kg
for 10 minutes. The penetration coefficient of the
finished products was determined by the depth
of immersion of the needle indenter into the
test sample. Maximum shear stress t was de-
termined using the plasticity values and pen-
etration numbers obtained from studies of the
corresponding samples (Table 2).

Table 2. Functional and technological indicators of control
and experimental samples of boiled sausages

Control of TU U 10.1-

Experimental Experimental Experimental

Indicator 37792346-002:2021,% sample No.1  sampleNo.2  sample No. 3

Conter}t of .hydrated spelt _ 5.0 70 3.0
flour in minced meat, %
Content of champignon

mushrooms in minced - 1.5 2.0 3.0

meat, %
Plasticity X, cm?/g 7.80 8.44 8.66 8.79
Penetration, Pa 1,609.06 1,660.86 1,769.36 1,766.44

Source: developed by the authors
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Modelling was performed using the sec-
ond Federman-Buckingham similarity theory
and the “dimension theory” method, which
allows processing the obtained experimental
data in the form of a criterion equation (Pa-
lamarchuk et al., 2021).

The following calculation methods were
used to calculate the similarity criteria required
for the study.

The Euler criterion can be determined by
the equation:

P
Fu=——,
p-S-v?

M

where P - resistance of the medium, H; S — area
of the force contact action, m?; p — density of
the food mass; v — speed of the product flow in
the bowl of the mincer

The Sherwood Criterion Sh is typically cal-
culated as

Sh=p-1/D, (2)

where { — characteristic size under the condi-
tions of the mass exchange under study, which
can be identified with the average particle size
of the dispersed phase, which can be taken for
the cutting process: £ =0.4 mm; D - diffusion
coefficient, which can be accepted for minced
meat masses D=0.5-10"° m?/s.

The mass transfer coefficient can be deter-

mined by the following ratio:

p— HV
B = AC-S?

3

where I - volumetric process performance,

kg/m?; AC - difference in spelt concentrations

in developed and traditional technologies, %
The plasticity value can be determined by

the equation:

Sg _Sg_ 4

N
m mg P ‘rm'

X =

“4)

The diffusion Fourier number can be deter-

mined by the equation:
D

-t
Fo, =72,

©)

where t — processing time of a single product load:
for research conditions, the cutting time — t=8 min

Statistical evaluation of the results was per-
formed using standard methods using statisti-
cal software Statgraphics Centurion XVII (Stat-
Point, USA) — multivariate analysis of variance
(MANOVA), LSD test. Statistical processing was
performed in Microsoft Excel 2016 in combina-
tion with XLSTAT. The values were estimated
using the mean value and standard deviations.

Results and Discussion

When choosing the most acceptable meat raw
materials from the standpoint of physiological
value, the content of the most consumed types
of meat — beef, pork, and chicken - of constitu-
ent proteins (18.9%, 16.4%, 20.3%, respectively)
and fats (12.4%, 27.8%, 13.1%, respectively) was
considered. Chicken has the advantage of being
the closest in these respects to beef, which is in
acute shortage in the diet. However, due to the
relatively lower content of macro- and micro-el-
ements in it, the search for additives that would
compensate for this shortcoming of chicken has
become a subject of further study, given that the
ongoing decline in the supply of raw meat re-
quires the use of protein-rich plant-based ingre-
dients to make up for the lack of protein. There-
fore, it is effective to use vegetable proteins as a
substitute for traditionally used wheat flour for
wild spelt flour, enriched with dietary fibre, min-
erals and fatty acids, and to enrich the taste and
smell with the addition of crushed mushrooms.

The main factors of the process of prepar-
ing a mixture of beef, pork, and chicken with the
presented vegetable additives are the density of
products p, maximum shear stress z,, changes
in the concentration of spelt flour and cham-
pignons in products AC, value of the diffusion
coefficient D and the mass recovery coefficient
in the technological mass f, product process-
ing time in the mincer t, kinematic character-
istics of the process, in particular, the speed of
product flow promotion in the mincer bowl »
and its rotation speed w.

Considering the presented factor space and
the features of the course of the process under
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study, the following criteria or similarity num-
bers can be noted that define it:

Euler number Eu as a measure of the ratio
of pressure forces and head velocity;

Sherwood number Sh, as a measure of the
ratio of the intensity of convective and diffusion
flows at the interface of separation of interacting
phases;

the Fourier number is diffuse, as a
measure of the ratio of the mass of a substance
transmitted by diffusion and local ripples in a
non-stationary flow.

At the first stage of the calculation, the
parameters of the process under study pre-
sented above are decomposed into dimensions
in Table 3.

Table 3. Basic design parameters of the mincing process

No. List of parameters of the process under study Dimension
1 Product density p, kg/m*® kg-m*
2 Processing time for a single product load t, s s
3 Maximum shear stress z , Pa kg-s2-m!
4 Diffusion coefficient D, m?/s m?-st
5 Average particle size of the dispersed phase ¢, m m
6 Speed of product flow in the mincer bowl v, m/s m-s!
7 Mass transfer rate in load weight 8, m/s m-s!
8 Free fall acceleration g, m/s? m-s?

Source: developed by the author

The presented similarity criteria determine
the main physical, mechanical and rheological
factors of the process.

Equation (1) is modified to determine the

Euler criterion in the form:

P T
Eu= 5=,
p-Sv pu

©6)

where P - resistance of the medium, N; S — area
of force contact, m?; t,, = S — maximum shear
stress, Pa; v — speed of the product movement
. th . b 1 _ ﬂ _ mngR,

in the mincer bowl: v=5—=77=; R - ge-

ometric size of the mincer bowl (Fig. 1); n, o -

rotation speed and angular velocity of the minc-
er bowl: can be adopted n_within n_=8-20 rpm;
k,, — coefficient of driving force consumption
when moving minced meat to overcome the re-
sistance of the knife mechanism: can be taken
within the limits of k  =1.5-2.0.

The speed of the product flow is defined as

_ 20wR _ mngR _ 3.14150,233

v = =
Kk 15k, 15-1,7

= 0.43m/s.

on on

The product density can be taken within
p=1,100-1,180 kg/m?

Figure 1. Diagram of a mince cutter for fine mincing
Notes: 1 - cutting mechanism, 2 — bowl drive shaft, 3 — mincer bowl

Source: developed by the author
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When determining the mass transfer coef-
ficient, equation (3) is transformed as:

mg T

ﬁ _m, m _
T ACS T tSACp  t-SACgp  t-AC-gp’

Y

where g =9.81 m/s? — free fall acceleration;
t,=m-g/S=P/S.

When determining plasticity, equation (4)
is transformed as follows:

_S5_59 _59_49
X_m_m-g_P_rm' ®
Then when using (8):
Tn =% ©)

Using that the penetration index is propor-
tional to the shear stress of the minced meat

mass 7, penetration coefficient Q determined

from the dependency:
P
7 —

Q= W2 Tm " kp'r» (10)

where k - proportionality coefficient; h -
depth of indenter depth in the mass of minced
meat under a certain load P, which was deter-
mined from experimental studies

Then when using (6):

Ty = (11)

Given a fairly large number of factors that
determine the process, the relationship be-
tween them will be replaced by the dependen-
cies between the presented similarity criteria.
To do this, the dimension matrix is compiled
using Table 4.

Table 4. Dimension matrix of the investigated process
of vibrational mixing of sausage mince ingredients

Parameters p, kg/m? v, m/s T, (I;Ilim:z)k 8/ t,s B, s/m
M, kg 1 1
L,m -3 1 -1 1
T,s -1 -2 1 -1
Power coefficients € n m o

Source: developed by the author

In general, the relationship between the
presented parameters can be written as a func-
tion:

ﬁzf(/)’ 0, T, 0.

Based on the dimension matrix compiled in
Table 2, the presented function is rewritten as
a power series:

p=K-tmm-pe-vn-ta, (12)

where K — constant coefficient.

For a given factor space, where we have 6
variables, by the m theorem, the number of di-
mensionless components is 6 -3 =3. This cor-
responds to the number of similarity criteria
selected, such as the Sherwood, Fourier, and
Euler numbers.

In Table 3, the dimension matrix can be
represented as a system of equations for the
power coefficients of the mass transfer equa-
tion (11).

Equation (11) provides

n+e=0
n—-m—-3e—-[1=1

-n—2m+a=-1 (13)

&=-m. (14)

From the term of equations (13) and (14):

0=-3m-3¢+a. (15)
From equation (15):
n=a-2m+l. (16)

From equation (16):
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a=3m+3. (17)

Given equation (10)

ﬁ =p-m . U(a-2m+1) . t(3m+31:) . Tm‘ (18)
Given equation (2)

) m
% =Sh= g. [ﬁ] - tBm+38) .y (@+1) (19)

Given equation (6)

Sh=Eu™ - p(@*D @ . 2 (20)
Given equation (1)
(a+1)
Sh = Eu™ - Fo,* - [g] B @1

Then the general expression of the mass
transfer equation of the process under study
takes the form:

Sh=Eu,-Fo,*K; (22)
(a+1)
k=[1""e (23)

Using the data in Table 4 and the method
of graphoanalytical estimation of power func-
tions, a graph of the function Sh = f(Eu) was
constructed; this function is linear, the graph
of which consists of the abscissa axis and the
angle ¢ (Fig. 2). To obtain initial data during the
graphoanalytical analysis of the process under
study, the values of the above-mentioned Fou-
rier, Sherwood, and Euler criteria, and the mass
flow coefficient, were determined using the
corresponding equations (1, 2, 3, 5, 6) according
to experimental data obtained based on the re-
sults of the conducted studies (Table 3).

Then the value of the first power coefficient
ism=tgp=1tg72°=3.08

10
9
S 8
g7
3 6
= °
S 5
= =N
8 4 ~
g
T 3
<
o4
1
5 1
0 0.002 0.004 0.006 0.008 0.01

Euler criterion, Eu

Figure 2. Function graph Sh = f (Eu)

Source: developed by the authors

Table 5. Values of similarity criteria for the process of minced meat preparation

Process parameter Control of TUU 10.1- Experimental Experimental Experimental
p 37792346-002:2021,% sample No.1 sample No.2 sample No.3
Penetration number, Pa 1,609.06 1,660.86 1,769.36 1,766.44
Content of hydrated spelt
flour and mushrooms in - 0.065 0.09 0.11
minced meat AC
Maximum shear stress ¢, kPa 1.26 1.16 1.13 1.12
Minced meat density p, kg/m*® 1,100 1,110 1,130 1,180
Diffusion coefficient D, m?/s 0.5-10°
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Table 5. Continued

Control of TUU 10.1- Experimental Experimental Experimental
37792346-002:2021,% sample No.1 sample No.2 sample No.3

Process parameter

Particle size of the dispersed

1-103 0.8-103 0.6-103 0.4-10°
phase ¢, m
Processing time t, s 480
Speed of flow in the mincer
0.43
bowl v, m/s
Mass transfer rate in load 3.74-10% 3.42-10% 2.37-10% 1.83-10°
weight 8, m/s
Sherwood criterion, Sh 7.4712 5.4739 2.8386 1.4608
Euler criterion, Eu 0.0062 0.0057 0.0054 0.0051
Fourier criterion, Fo, 0.240 0.375 0.667 1.500

Source: developed by the authors

Using the previous calculation methodol- y (Fig. 3) of its slope to the abscissa axis was
ogy, the function graph was plotted using the  found and the value of the second power coeffi-
data from Table 4. From this graph, the angle cient was determined by the equation:

Table 6. Calculated data for determining power coefficients

Control of TU U 10.1- Experimental Experimental Experimental

Process parameter 37792346-002:2021,% sample No.1 sample No.2 sample No.3

Dimensionless component Fo / 0.130 0.246 0.560 1.786
Dimensionless component Eu™ 1.574-107 1.201-107 1.05-107 8.776-108
Dimensionless component Sh/Eu™ 4.75-107 4.56-107 2.7-107 1.66-107
Dimensionless Sh_ 3.65-10° 1.85-10° 4.83-107 9.32-10°
component Eu™Fo,
Parameter K 5.14-10% 2.63-10" 1.11-10% 3.29-10"

Source: developed by the authors

1,00E+08
9,00E+07
8,00E+07
7,00E+07
6,00E+07
5,00E+07
4,00E+07
3,00E+07
2,00E+07

1,00E+07 '/

0,00E+86
0

Sh/Eum

1 2 3 4 5 6 7 8 9 10
Fourier criterion, Fo 9

Figure 3. Function graph St~ f(Fog)

Eu™
Source: developed by the authors
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The next step was to plot the function
“%};Oda= f(K) (Fig. 4). Using the data from
1,00E+09
9,00E+08
8,00E+08
7,00E+08
6,00E+08
5,00E+08

Sh/Eum*Fo,?

4,00E+08
3,00E+08
2,00E+08
1,00E+08

Table 4, the process constant K was deter-
mined.

0,00E+00

0,00E+00  2,00E+12

Figure 4. Function graph gym o«

Source: developed by the authors

Thus, the criterion equation of the process
of vibrational mixing of the ingredients of the
studied process was finally determined in the
form of
.3

)

u]2‘4'3
D

Sh = Eu™ - Fo,® - K = Eu3%® - Fo, '3 - [

%_[#]308 [Dt]143 [512.43.

The presented mass transfer equation il-
lustrates the dominant effect of the fine grind-
ing process on the change in the concentration
of spelt flour and champignons in production
AC. This effect is determined by the value of the
diffusion coefficient D, the particle size of the
dispersed phase, and the mass flow coefficient
in the loading mass B. Using equation (26) and
the developed programme, the recommend-
ed set of operating mode parameters for the
process of fine grinding in the production of
cooked sausages is established, considering the
above factors.

K= [E](aﬂ) B

&
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4,00E+12

6,00E+12
K

8,00E+12  1,00E+13

= f(K)

The paper by J.M. Ramos-Diaz et al. (2022)
described an experiment aimed at creating a
recipe for minced meat for semi-finished poul-
try products with the addition of porcini mush-
rooms. The main approach was to identify the
optimal combination of ingredients to create
a balanced meat mix. Various types of meat,
dairy products, and herbal supplements were
used in the model recipes. The use of turkey
and chicken fillet provided complete animal
proteins, and partial replacement of fatty meat
raw materials with milk fat was carried out to
reduce fat content. Additionally, the research-
ers developed a technology for making sausage
products with the addition of vegetable ingre-
dients for frying and indicated the main tech-
nological parameters of the production and
heat treatment process. They also investigat-
ed the rheological properties of minced meat,
such as adhesion, viscosity, and shear struc-
tural and mechanical properties. However, the
researchers should substantiate in more detail
the use of meat offal and dairy ingredients to
stabilise protein and fat in the meat mixture,
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and prove that replacing the main meat raw
materials with vegetable ones will allow ob-
taining high-quality sausages for grilling. In
addition, the researchers did not perform sen-
sory analysis of the finished product after heat
treatment, which may be an important step in
determining its quality.

The study by K. Chen et al. (2022) inves-
tigated promising developments for the meat
processing industry — the production of dry
snack products, in particular, meat chips. The
main purpose of the study was to investigate
the functional and technological characteris-
tics of minced meat systems consisting of beef
and seafood. These systems were designed
to be improved with special food additives
to increase quality and properties. The study
showed that minced meat systems were high
in protein (30.0-34.8%), lipids (2.2-3.7%), and
carbohydrates (0.8-2.5%). Systems with the ad-
dition of seafood were characterised by a high
ability to retain moisture (74.52-90.3%), which
indicates their properties during drying. How-
ever, the researchers did not consider a number
of important rheological parameters, such as
maximum shear stress and dynamic viscosity,
nor did they perform an organoleptic assess-
ment. To improve the results obtained, it may
be useful to conduct mathematical modelling
based on these indicators.

H. Eshgarf et al. (2021) investigated the
thermophysical properties of model dissected
masses based on meat and fish with a function-
al additive. The influence of the multiplicity of
grinding and additive concentration on the ratio
between frozen (free) and non-frozen (bound)
water and optimal technological parameters
for the production of semi-finished products
was determined. It was found that a functional
vegetable additive in minced meat of split meat
and fish products contributes to an increase in
the proportion of undemanding moisture at
temperatures up to -18°C. For double grind-
ing, the rational value of the additive should be
considered 25%, and for triple grinding — up to

30%. But it is not clear why the researchers did
not analyse the factors that limit the introduc-
tion of additives, and what organoleptic char-
acteristics of the finished products they studied
while maintaining the high moisture retention
capacity of the semi-finished product.

The purpose of the study by M. Nasiru et
al. (2021) consisted in establishing the rela-
tionship between prescription components and
production parameters of a new type of meat
product. The paper offered solutions to the
problem of creating a model recipe for a meat
product with a high content of dietary fibre in
a composite mixture. The goal was to develop
mathematical tools that could serve as a ba-
sis for evaluating the component composition
and parameters of cooking semi-finished meat
products with specified structural and techno-
logical characteristics. The features of cooking
semi-finished meat products using a composite
mixture containing unconventional vegetable
raw materials were revealed. The researchers
developed a mathematical model that considers
the dependence of the quality of finished meat
semi-finished products on the number of com-
ponents in the recipe and cooking conditions.
They also determined the optimal dosage of the
composite mixture and the values of the cook-
ing parameters.

However, a comprehensive study of the
mechanisms of development of structural and
technological effects in ready-made meat sys-
tems under various conditions of their pro-
duction process was not presented. The main
finding was a model describing nonlinear re-
lationships between the structural parameters
of a semi-finished meat product and techno-
logical indicators from the conditions of the
production process, in particular, temperature.
To clarify the study, the researchers should
analyse the dosage of the components of the
composite mixture, explain the purpose of
their introduction, which is aimed at improv-
ing the physical properties of the meat prod-
uct that they enrich.
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Common varieties of cereals widely used in
the food industry have significantly lower con-
tent of dietary fibre, essential amino acids, and
unsaturated fatty acids compared to wild spelt.
The use of spelt as a substitute for traditional
cereal varieties in food can help increase the
consumption of dietary fibre and other useful
components of food, which was determined by
0. Kochkodan et al. (2020).

L.V. Bal’-Prylypko et al. (2018) argue that
adding pectin to food may prove to be an effec-
tive method of removing harmful compounds
such as biogenic toxins and radionuclides from
the body, especially after exposure. Such tech-
niques can improve the function of the immune
system and contribute to the overall state of
human health, but to confirm the results of
these studies, the researchers need to present
the results of organoleptic and physicochemi-
cal properties of the finished product.

Thus, replacing traditional food compo-
nents with spelt and using pectin as a supple-
ment may prove to be effective strategies for
improving a person’s eating habits and overall
health, as confirmed by scientific research.

Conclusions
The developed formulation allowed simulta-
neously increasing the protein content in the
minced meat composition by replacing wheat
flour containing 11-12% protein with spelt
flour, where the protein content reaches 20-
22%; and also reducing the allergic danger
due to the fact that the gluten of spelt flour
contains significantly less highly allergic glia-
din present in traditional wheat flour in fairly
large quantities. To compile a mathematical
algorithm that relates the main parameters
of the process of preparing minced meat, the
choice of Froude, Euler, Fourier and Sherwood
similarity criteria was substantiated, which
allowed estimating the forces of inertia and
weight, pressure and head velocity, intensity
of convective and diffusion flows at the inter-
face of interacting phases, and intensity of the

Animal Science and Food Technology. 2024. Vol. 15, No. 2

mass transfer process in the process of minced
meat preparation.

When using graph-analytical methods, a
mathematical model was compiled in the form
of a mass transfer equation containing the ratio
between such process parameters as product
density p, coefficient of dynamic viscosity of the
process medium u, maximum shear stress
change in the concentration of methylcellulose
in raw materials AC, value of the diffusion coef-
ficient D and the mass transfer coefficient in the
load mass f. Using the compiled criterion equa-
tion and the developed programme, the main
graphical relationships between the presented
parameters were revealed, which allowed creat-
ing a recommended number of operating mode
parameters for the studied process of preparing
minced meat and sausage production technolo-
gy using a food additive based on spelt flour and
champignon mushrooms.

The developed mathematical algorithm
based on the results of physical and mathemat-
ical modelling allowed optimising the product
formulation, analysing the nutritional value of
minced meat and other multicomponent mix-
tures, developing new products and analys-
ing their impact on health at a new level; this
significantly expands the potential of process,
technological and organisational aspects of de-
signing new food products with a combined for-
mulation, considering a wide range of mechan-
ical and heat and mass transfer factors; thereby
significantly increasing their competitive abil-
ity in the industrial food production market. A
promising area for further research is to deter-
mine the effect of various ratios between spelt
flour, mushrooms, and other ingredients on
the taste, texture, and nutritional properties of
minced meat using mathematical modelling.
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AHoTanig. BeefeHHsT 10 M’SICOMTPOAYKTIB JTOMIIIOK POCIMHHOTO a60 TBAPMHHOTO TMOXOIKEHHS
CKJIaJa€ Ha TeIlepellHill yac CTiliKy TeHAEeHLiI0 y Xap4yoBUX TEXHOJIOTISIX yepe3 MOXKIMBOCTI
OTPMMATM YHiKaJbHi BJIACTMBOCTI NMPOAYKIIii Ta 3HWKEHHS il co6iBapTOCTi, IO OBIPYHTOBYE
aKTyaJIbHICTh MPOBENEHNUX AOCTiIKEHb. MeTOW CTaTTi € Mo6ygoBa MaTeMaTUYHOIO aarOpPUTMY,
110 M03BOJISIE BU3HAUNTY 3aKOHOMIPHOCTi 3MiHM OCHOBHMX ITapaMeTpiB IpOliecy IPUTrOTYBaHHS
dapmry m’sicHux HamiBpabpuKaTiB i3 pOCAMHHMMM AOMIllIKAMM, IO AO3BOJUTb BU3HAUUTU
TEHJIeHIIii PO3BUTKY TEXHiYHOI Ta TEXHOJOTiUYHOI edeKTMBHOCTI 3aco6iB MexaHisallii cucremu
TOHKOTO TOAPiGHEHHS CUPOBUHM [III BUTOTOBJIEHHS KOBGAacHMX BMPOGiIB. [OCTimskeHO
3aCTOCYBaHHS Y SIKOCTi iHTpeAieHTIB A0 (apiieBoi Macu BUKOPUCTOBYIOTh OMIIIIKY CITEJTBTOBOTO
GopolllHa Ta TpUOIB mevepuili, M0 MO3BOJISE Pa30M i3 3HMKEHHSM COOiBapTOCTi BMPOOHMIITBA
BapeHOi KOBOAcHOI TMpOAYKIii, 3HAYHO ITOKPAIATU OPraHOJENTUYHIi TOKA3HUKU SIKOCTi
MPOAYKTiB, 3MEHIIUTY IXHIO KaJOPiliHICTh Ta ITOAOBXUTY T€PMiHM MPUIATHOCTI IO CIIOKMBAHHS.
JTIvkopoC/vii pi3HOBU/I, CITENTBTA, 0 BUKOPUCTOBYETHCS Y IaHiil HAYKOBiii pO6OTi SIK abTepHATUBA
il KyJbTYypHMM COpTaM, BOJIOJi€ 3HAUHO MEHIIOK aJepTiiffHOI aKTMBHICTIO Ta BiAmoBigHO
MEHIIIOI0 YaCTKOIO MTiafMHiB, SIKi CKIaJal0Th OCHOBY ITIIEHNYHOTO IIIOTEHY a60 KJIEKOBUHMU; 1[0
OGTPYHTOBY€E MPAaKTUYHY LIiHHICTh PO6OTH. ByB BUKOHAHMIT MiKpOCTPYKTYPHUII aHami3 Qapiry
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KOHTPOJIBHOTO Ta JOCTiTHUX 3pa3KiB BApEHUX COCHCOK BUSIBUB, 1[0 OCTAHHS KATeropis M sICHOTO
MPOAYKTY XapaKTepHa IiIBUIIeHUMU HIIIbHICTIO Ta MPYKHiCTIO 3aBASKM BKIIOUEHHIO MiKpOYacTOK
CIeNIbTY Y BaKyosIi M sICHOI dpakiiii. 3TifHO 3 pe3yabTaTaMyu eKCIIepMMEHTAIbHUX JOCTiIKeHb,
BUKOPUCTAHHSIM METOIY «aHaji3y po3mipHocTeii» Ta Teopemu denepmana-bykiHrema Bmamocst
OTpMMATM KpUTepiajabHe DiBHSIHHS ISl MPOIECYy TeIlIoMacoOOMiHY B yMOBax iHT@HCHMBHOIO
MeXaHIuHOro TepeMinryBaHHs. JIaHi MpOIeCHi XapaKTepuCTUKM Oyau omucaHi Mpu HOTmoMo3si
KkputepiiB Eitniepa, ®@yp’e Ta lllepsyna. CkinageHa GyHKIlis MicTUTh OCHOBHi hakTOpH 30BHIIIIHBOTO
BIUIMBY Ha CMPOBMHY Ta ii Pisuko-mMexaHiuHi XapakKTepuCTUKM, IO JO3BOJISE aeKBATHO OLIIHUTYU
npouecu nudysii y TeXHONOTiYHOMY cepemoBMINi Ta cHOpMYyBaTU pPEeKOMEHAOBAaHWI psif MPU
MPOEKTYBaHHI TEXHIYHOTO Ta TEXHOJIOTiYHOTO 3abe3TeueHHs ISl OTPMMAaHHS SKiCHOI XapuoBoi
MPOAYKITii

Kiio4oBi cj10Ba: criesibra; Harpyra 3CcyBy; dapiieBa Maca; Teopist omi6HOCTi; uncia momi6HOCTi;
nudysist; BapeHi M’SICONTPOIYKTH
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Abstract. The temperature and humidity index (THI) is one of the most critical environmental
factors, because it affects the body's thermoregulation and the overall productivity of goats. The
study aimed to identify the relationship between the behavioural reactions of goats of different
breeds and changes on the temperature and humidity index in the premises. The study used
methods of time slices and recording of behavioural manifestations of goats. It was found that with
a THI of 69-74%, the intensity of animal movement was high, but when the THI increased to 81%,
activity sharply declined. After an extended stay in THI of 75-81%, goats find it quite challenging
to restore average activity indicators. The animals were in the comfort zone (THI = 69-74%) and
showed a moderate to weak approach to the feed table. With THI of 75-81%, goats showed interest;
however, they did not consume feed. Animal rest positively correlates with such indicators as THI,
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r= from +0.40 (Saanen) to +0.49 (Alpine); movement in the pen, r= +0.62 and +0.66; approach to
the feed table r=+0.32 and +0.31; and urination r= +0.16 and +0.12, respectively. A sharp increase
in the rest frequency was detected at 76-81% THI. After normalising THI, animals also rested more
frequently, which may be a consequence of heat stress. At the optimal level of THI (up to 74%), the
frequency of goat rest decreased over a long period of time. A positive statistically insignificant
correlation was established between THI and animal movement in the pen, r= from +0.19 (Saanen)
to +0.39 (Alpine). The movement of animals in the pen positively correlates with feed consumption,
r= from +0.30 (Saanen) to +0.34 (Alpine), and negatively with the rumination process in animals,
r= from -0.23 (Alpine) to -0.68 (Saanen). It was found that goats of the Saanen breed are more
dependent on THI than the Alpine breed. The study's results should be considered when regulating

the microclimate on premises for dairy goats and male goats

Keywords: ambient temperature; goats; animal behaviour; feed consumption; rumination

Introduction
Ukraine is currently developing goat breeding
on a new, modern technical and technological
basis, which, along with the development of
other livestock sectors, is a key to filling the
market with products and ensuring the coun-
try’s food security. The success of modern in-
dustrial farms mainly depends on creating
comfortable conditions for animals. By defini-
tion of V.V. Nedosekov et al. (2021), animal wel-
fare is based on criteria such as feeding, envi-
ronment, health, behaviour, and mental state.
That is why the organisation of optimal condi-
tions for keeping animals, in particular the mi-
croclimate — one of the most important factors
of animal welfare — is important.

The welfare of animals kept in extensive
conditions generally depends on the influ-
ence of climatic factors (heat, cold, humidity,
etc.). Research conducted by I.A. Pomitun et
al. (2021) confirms that long-term exposure to
sub- and above-normal temperatures affects
not only the behavioural responses of animals,
but also affects the further development of an-
imals and the manifestation of their reproduc-
tive ability. In particular, it was found that tem-
perature stresses can affect the physiological
processes and ability of animals to reproduce.
For animals that are constantly kept indoors,
air conditioning, optimal livestock density, the

type of floor and the availability of bedding are
important factors of physical comfort. Insuffi-
cient ventilation, even at low ambient tempera-
tures, can cause shortness of breath and stress,
especially in pregnant animals. According to
C.M. Dwyer (2022), when the livestock density
is less than 1 m? per animal, their aggression
and motor activity increase, as evidenced by
competition for the best places to lie down. In
specialised enterprises, the methods and sys-
tems of keeping are significantly changing, in-
dividual care for animals is decreasing, and the
utilisation rate of technological machines and
equipment is increasing. Therefore, accord-
ing to R. Mylostyvyi & O. Chernenko (2019),
A. Lykhach & V. Lykhach (2023), the technical
environment requires a detailed study of the
life manifestations of farm animals, including
goats (Yildirir et al., 2019). This means that
it is important to adapt technologies so that
they consider the natural needs of animals and
do not cause stress or inconvenience to them.
Studies are conducted to find out what aspects
of keeping affect the physiology, behaviour, and
productivity of animals. G. Zobel et al. (2019)
suggest that goats have acquired certain cog-
nitive functions in the course of evolution.
Goats have developed natural behaviours that
affect how they feed and interact in the herd.
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However, according to C.M. Dwyer (2022), in
the context of intensive production technolo-
gies, goats are not able to independently meet
their needs for providing sufficient feed and
water, since they are completely dependent on
humans. According to A.L. Goetsch et al. (2022),
the eating behaviour of goats is determined by
such important factors as indoor microclimate
parameters, the level of animal productivity,
the size of the technological group, the balance
of the diet and the feeding regime. Animals, like
humans, are capable of experiencing pain and
suffering. Therefore, for example, the behaviour
of goats during feed consumption may be an
important marker for early detection of various
diseases in them. Also relevant are studies on
the relationship between the rank of dominance
and feed consumption; features of herd behav-
iour and animal productivity. The study of these
aspects helps to better understand the needs of
animals and optimise their living conditions.

The temperature regime, as a factor of
influence on animals, is one of the most crit-
ical, because it affects the thermoregulation
of the body and the productivity of goats in
general. In this regard, the purpose of the
study - analyse the activity indicators of
goats of different breeds and identify the re-
lationship between behavioural responses of
animals and changes in the temperature re-
gime in the room.

Materials and Methods

The study was conducted in 2023 on the num-
ber of goats of Saanen (male goats, n=7, fe-
males, n=14) and Alpine (male goats, n=7, fe-
males, n=14) breeds in the conditions of the
farming enterprise “Tetiana-2011" of the Kyiv
Region. Among the goats that were simultane-
ously kept in the herd, analogue groups were
formed, considering the age, live weight, and
productivity of the animals (Table 1).

Table 1. Goat productivity indicators, M+m

Group Breed  Number of animals, units Live weight, kg Average daily milk yield, kg
1 -dairy goats  Saanen 14 59.6+0.42 2.63%0.08
2 —dairy goats  Alpine 14 59.9+0.53 2.77+0.12
3 —-male goats  Saanen 7 75.0+0.44 -
4 -male goats  Alpine 7 75.3+0.36 -

Source: developed by the author

All animals were kept in the same stall con-
ditions and fed the same type of feed. The diet in-
cluded haylage of perennial grasses, hay, straw,
and concentrated feed. Goats consumed feed
from the feed table three times a day. Total nutri-
tional value of the diet adjusted considering the
energy requirements of lactation, based on 1 kg
of goat milk (4% fat) - 5.2 MJ EE and 45-70 g DP.

Two methods were used to conduct the
planned research.

The first was the time slice method (Dan-
chuk et al., 2020), observations were carried out
three times a day, every 6 hours, for an hour.
The behaviour of goats after milking and af-
ter feeding was recorded. Observations were

Animal Science and Food Technology. 2024. Vol. 15, No. 2

carried out for a month, with stable keeping
of goats at different ambient temperatures.
Hot weather changed for a period of prolonged
rains with a cold snap. The average temperature
in the room was 22.6*0.83°C (min — 18, max —
30). Temperature and humidity index (THI) -
71.2%£0.88 (min — 67, max — 81). THI categories
were defined by L.R. Hahn et al. (2009).

The second was a method for recording in-
dividual behavioural manifestations of goats
(Danchuk et al., 2020). During the observa-
tion, only cases of the necessary motor activi-
ty or behaviour of animals were recorded. The
results obtained by this method did not allow
judging the overall distribution of time by
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different types of motor activity of animals, but
they determined the frequency, duration, se-
quence, and direction of behavioural reactions
of interest to the researcher. A system of ab-
breviations was used to collect data and record
individual acts of goat behaviour. The following
behavioural acts of goats were recorded: move-
ment of animals along the pen — M, approach
to the feed table — Af, feed consumption — F,
rumination — Rm, rest — R, defecation — D, uri-
nation - U.

Considering abbreviated records of animal
behavioural acts, the information was entered
inthe primary data processing protocol. The pri-
mary data was then processed and transferred to
the final data processing protocol. Standing and
lying down were taken as a state of rest; and any
movement, searching for and consumption of
feed, and fighting were taken as motor activity.
Thus, by setting the number (+) and (-) during
the follow-up period, the time spent on move-
ment and rest was determined. The intensity
of goat movement was calculated as the ratio
between the rate of movement in the pen and
the sum of animal activity indicators per day.

The mean values (M) for groups and their
limits, the statistical error of the average (+ m)
and the value of correlation coefficients (r)

were determined as an indicator of assessing
the relationship between goat behavioural re-
sponses and changes in the temperature regime
in the premises. The bioethical requirements of
the Law of Ukraine No. 3447-1V (2006) were fol-
lowed during animal manipulations.

Results and Discussion

In the course of research, according to THI in-
dicators, the following factors are considered:
the following safety categories: optimal - up
to 74%; preventive - 75-78%; dangerous — 79-
83%; extremely dangerous — more than 84%. It
was found that with a sharp increase in temper-
ature, the intensity of goat movement decreased
(Fig. 1). With a THI of 69-74%, the intensity of
animal movement was high, but when the THI
increased to 81%, there was a sharp decline in
activity. It is worth noting that the goats react-
ed more stably to a gradual increase or decrease
in temperature. They probably had some time
to adapt to changing environmental conditions.
When there were sudden changes in tempera-
ture, the activity of goats changed abruptly.

Normally, the movement intensity indica-
tor should be 1, that is, an indicator of the move-
ment of animals in the pen must be equal to the
sum of all animal activity during observation.
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Figure 1. Movement intensity of all groups of animals, in accordance with the THI, %

Source: developed by the author
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The approach to the feed table is not an in-
dicator of feed consumption. This indicator was

recorded on the condition that the animal ap-
proached the feed table, but did not eat (Fig. 2).
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Figure 2. Approach to the feed table of all groups of animals, in accordance with THI, %

Source: developed by the author

Analysis of the data obtained shows that
being in the comfort zone (THI = 69-74%) the
animals showed a moderate to weak approach
to the feeding table. However, during the peri-
od of a sharp increase in temperature, animals
approached the feed table often. There was no
definite correlation between feed consumption
and the approach of animals to the feed table,
depending on -0.09 (Alpine breed) to +0.23
(Saanen breed).

Observations have shown that at THI 75-
81% (warning / dangerous), goats showed in-
terest however, there was no feed consumption.

The animals either stood for a certain time near
the feed table, or sniffed the feed and left. These
approaches were repeated every 10-15 minutes.
This indicates that animals cannot focus only
on their feed intake and often change their ac-
tivities. This behaviour can also indicate the
quality of feed. In any case, the animals felt un-
comfortable. At THI up to 74%, less amount of
“idle” approaches to the feed table was record-
ed. The data show a more stable behaviour of
Alpine goats compared to Saanen goats (Fig. 3).
It was recorded that the animals approached
the feed table exclusively to consume feed.
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Figure 3. Approach to the feed table of dairy goats, according to THI, %

Source: developed by the author
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Male goats showed a similar response to
temperature rise, but it should be noted that
it was less intense than goats (Fig. 4). The
graph shows the difference in response to the

stimulus between the breeds under study. Saa-
nen male goats sharply increased the activity
of the approach to the feed table, while Alpine
male goats, on the contrary, reduced it.

o

% 3.5 == == Saanen

s 3 3 Alpine

& 25 /

o

£ 2 2 2 2

g 15

< 1 1 1 1 1

&

g 05 \

2. 0 0 0
69 75 73 69 69 69

THI, %

Figure 4. Approach to the feed table of groups of male goats, according to THI, %

Source: developed by the author

As noted by R.M. Reshma Nair et
al. (2021), under stress, animals reduce met-
abolic activity, in particular rumen activity.
Thus, it is predicted that at high THI val-
ues, the experimental animals will chew less
time, delaying this process for the night, or
a cooler period, when the ambient temper-
ature will be optimal and comfortable for
maintaining the normal functioning of their
digestive system. That is why the frequency
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of feed consumption indicator is important
when evaluating the behaviour of goats at
different temperatures.

Observation data (Fig. 5) confirm the
results obtained by R.M. Reshma Nair et
al. (2021). Goats consumed food often and for
a short period of time precisely because of
the elevated THI. This conclusion was made
based on the results of the analysis of the
data shown in Fig. 2 and Fig. 5.
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Figure 5. Feed consumption of all experimental groups of animals, according to THI, %

Source: developed by the author
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In the course of the study, it was revealed
such pattern: when THI 76-81%, both the max-
imum approaches to the feed table without
feed consumption and the maximum frequency
of feed consumption were simultaneously ob-
served in animals. That is, the animals quickly
changed their activities, moved a lot, and gen-
erally spent less time consuming feed than, for
example, at normal temperatures, when the
frequency of approach to the feed table was the

lowest, and the frequency of feed consumption
was the highest. Thus, it can be concluded that
at THI of 69-73%, the animals approached the
feed table exclusively for feed consumption and
stayed there for a longer time.

Analysing the data in Fig. 6, it is worth
noting that no significant difference was found
between the breeds. Saanen and Alpine goats
showed almost identical trends in feed con-
sumption depending on the changes in THI.
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Figure 6. Feed consumption of groups of dairy goats, according to THI, %

Source: developed by the author

However, unlike dairy goats, male goats
(Fig. 7), observed a significant difference in
the response to THI of 75% (warning). Saanen
male goats had an increased frequency of feed

consumption, while Alpine male goats had a sig-
nificant decrease. A minor and statistically in-
significant correlation was established between
THI and animal feed consumption (r = +0.06).
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Figure 7. Feed consumption of goat groups, according to THI, %

Source: developed by the author

Given the features of ethological studies,
the main object of which is live animals, it is
quite difficult to predict their activity during
the experiment. Notably, the act of defecation
in animals occurred at optimal THI values (69-
74%). A low and insignificant correlation was

Animal Science and Food Technology. 2024. Vol. 15, No. 2

established between THI and the frequency of
defecation (r=+0.21).

A small positive statistically insignificant
correlation was found between THI and urina-
tion in goats. For the entire goat population un-
der study, the correlation coefficient was +0.08.
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There was also no correlation between the ap-
proach to the feed table and urination - from
-0.19 (Saanen breed) to +0.35 (Alpine breed);
between feed consumption and urination — from
-0.07 (Alpine breed) to +0.21 (Saanen breed).

At THI of 81%, a decrease in the frequen-
cy of chewing in animals was detected (Fig. 8),
while goats showed relative calmness. At THI
of 68-75%, high rates of rumination were re-
corded. Although THI of 75 % is considered
a warning category for animals, according to

the observations, it did not have a significant
effect on the reduction of rumination frequen-
cy. However, at THI of 76%, a sharp decrease in
the rumen activity was observed. The correla-
tion coefficients between THI and rumination
were found to be low and statistically insig-
nificant, ranging from -0.16 (Alpine breed) to
+0.07 (Saanen breed). In addition, all the an-
imals abruptly reacted to the change in THI.
This may indicate a rather low recovery rate
after heat shock.
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Figure 8. Frequency of rumination in all animal groups, according to THI, %

Source: developed by the author

Goats of the studied breeds reacted al-
most equally to changes in THI, however, there
were some differences (Fig. 9). The reaction of
Saanen goats was more intense and coincided
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with temperature changes compared to Alpine
goats. Overall, Alpine goats were quite passive
in responding to changes THI and in general,
they had low rumen activity.
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Figure 9. Frequency of rumination in dairy goats, according to THI, %

Source: developed by the author

Animal Science and Food Technology. 2024. Vol. 15, No. 2




Features of goat behaviour depending...

There was no significant difference be-
tween the frequency of rumination in male
goats of both breeds (Fig. 10). The only signif-
icant difference was observed at THI of 69%,

when male goats of the Saanen breed showed
an average level of rumination frequency, and
in male goats of the Alpine breed it increased
sharply.
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Figure 10. Frequency of rumination in male goats, according to THI, %

Source: developed by the author

Rest of animals is an important indicator
of their overall comfortable condition. When
animals often change their position, they can-
not relax — this indicates the presence of dis-
comfort. Rest positively correlated with such
indicators as THI, r = from +0.40 (Saanen) to
+0.49 (Alpine); movement in the pen, r= +0.62
and +0.66; approach to the feed table, r= +0.32
and +0.31 and urination, r= +0.16 and +0.12,
respectively. That is, with all the parameters
associated with animal movement. When the
animal is uncomfortable lying down, it moves
to another place in search of a more comfort-
able one. Therefore, it is necessary to analyse
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the frequency of rest only considering the in-
dicators of the frequency of movement in the
pen. It was predicted that in a state of discom-
fort, with high THI indicators, animals will have
a simultaneous increase in both the activity of
movement in the pen and the frequency of rest.

Studies have revealed a sharp increase in
the frequency of rest at THI of 76-81% (Fig. 11).
After normalisation of temperature, there was
also an increased frequency of rest in animals,
which may be a consequence of heat stress.
Then, over a long period of time, at the optimal
THI (up to 74%), the frequency of animal rest
decreased.
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Figure 11. Frequency of rest of all animal groups, according to THI, %

Source: developed by the author
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However, it is not possible to definitively
confirm the effect of temperature on the in-
crease in the frequency of rest based on the
data obtained. At the end of the observations,
a similar peak of activity was detected, but
at the optimal temperature (THI of 68-71%).
Therefore, for a more accurate assessment of
the impact of this index on animal rest, it is
necessary to extend the duration of experi-
ments to have a greater volume of data. A pos-
itive statistically insignificant correlation was
established between THI and animal move-
ment in the pen, r= from +0.19 (Saanen) to +
0.39 (Alpine). The movement of animals in the
pen positively correlated with feed consump-
tion, r = from +0.30 (Saanen) to +0.34 (Alpine)
and negatively with rumination, r= from -0.23
(Alpine) to -0.68 (Saanen). The movement of
animals in the pen is the main indicator of
their activity. The movement of animals is
an important parameter of their comfortable
state and normally occurs constantly with
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breaks for food consumption, rest, etc. There-
fore, to determine the state of discomfort of
animals, it is advisable to describe it together
with an indicator of the opposite activity of
animals, namely, rest.

As already noted, sharp changes in the
activity of animals were recorded during the
observations. The goats took a recumbent po-
sition to rest, but after a short time (from 3 to
5 minutes) they got up and changed their place
to lie down. This phenomenon was repeated.
This frequency of position changes may indi-
cate discomfort in animals, they are not able
to relax and rest. Quite often, in the process of
finding the best place to rest, animals showed
aggression and struggle for places to lie down,
especially near drinkers and walls. It was found
that animals of the studied breeds reacted dif-
ferently to the change in THI (Fig. 12). Animals
of the Saanen breed demonstrated more rapid
changes in the frequency of movement in the
pen, unlike Alpine breed.
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Figure 12. Frequency of movement in the pen of all groups of animals, according to THI, %

Source: developed by the author

However, it is not possible to highlight
the dependence of animal movement in the
pen and THI indicators, this pattern is not ob-
served on the graph. It was suggested that at
high values of THI, both indicators (movement
in the pen and rest) will have equally high

activity indicators. Comparing graphs of these
indicators (Fig. 11, 12), in general, identical
peaks at THI 75-81 % can be distinguished.
Subsequently, when the temperature regime
was normalised, the separation of the values
of these parameters was observed. The level of
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rest of animals decreased simultaneously with
a decrease in the activity of movement of ani-
mals in the pen (Saanen breed) and there was
a decrease in the frequency of rest with high
indicators of movement in the pen (Alpine
breed). Thus, it can be assumed that animals of
Saanen breeds are more dependent on temper-
ature and respond to an increase in THI - by
increasing the activity and frequency of posi-
tion changes, and on normalisation of THI - by
general calming (extending the rest time and
reducing movement in the pen).

The study analysed the activity indica-
tors of goats of different breeds depending on
changes in the room temperature regime. The
negative impact of high temperature on animal
productivity was observed during the introduc-
tion of farm animals from temperate climates
to warm climates and during the first attempts
to increase the milk productivity of animals in
subtropical regions (Berman, 2012). Exploring
the problems of global warming, M. Cheng et
al.(2022) concluded that extreme climate change
has a negative impact on the rate of increase
in livestock population, their productivity, re-
productive function, morbidity, and mortality.

According to S.B.Romo-Barron et al. (2019),
the thermal effect on sheep productivity and
well-being is most noticeable when the air tem-
perature decreases below 12°C (lower thresh-
old) or increases above 25-31°C (upper thresh-
old), when the thermoregulation mechanisms
significantly deviate from the norm. Behaviour-
al responses to heat stress in sheep are mani-
fested, depending on its severity and duration,
by a permanent or temporary decrease in motor
activity and by seeking shaded areas. Accord-
ing to L.A. Pomitun et al. (2021), the optimal
air temperature on the day of insemination of
ewes (13-26°C) contributed to the emergence of
poliovulation and better fertilisation of eggs, as
evidenced by the output of lambs born as part
of twins and triplets and a 7.3% higher multi-
plicity of ewes against animals whose insemi-
nation occurred at elevated temperatures.

Animal Science and Food Technology. 2024. Vol. 15, No. 2

Research W.H.E.]. van Wettere et al. (2021),
conducted using ecological Chambers, proved
the negative effect of high temperatures (>32°C)
on the components of sheep fertility (estrus,
fertilisation, embryo survival, and lambing).
The influence of the above temperatures is es-
pecially noticeable 5 days before and 5 days af-
ter estrus. Heat stress for 5 days before estrus
reduces the fertilisation rate by almost 60%. It
was also found that prolonged exposure to high
temperatures (32-41°C) during pregnancy of
sheep reduces the weight of lambs at birth, their
viability, thus increasing neonatal mortality.

Environmental parameters and physiologi-
cal responses of animals are the starting point
for mathematical modelling of their impact
on animal development and manifestation of
their productivity. R. Mylostyvyi & O. Chernen-
ko (2019), investigated the relationship between
the parameters of the thermal environment and
the milk productivity of cows in the hot period.
The integral indicators of the cowshed’s micro-
climate state were the temperature and humidi-
ty index (THI) and the temperature and humidity
index in the cowshed hangar type (THI,,). The
researchers found a weak correlation between
sun exposure and daily milk yield at r=-0.2, be-
tween relative humidity and daily milk yield at
r=+0.4, and between relative humidity and milk
fat content at r=+0.2. The correlation between
daily milk yield, milk fat, milk protein content
and, wind strength r=-0.2 to 0.4. Between dai-
ly milk yield, milk fat and milk protein content,
and air temperature r = -0.2 to 0.5 (p < 0.05).

As noted by R.M. Reshma Nair et al. (2021),
domestic goats are an ideal subject for climate
change research. Anatomical, physiological,
and behavioural features of goats help them
adapt to different environmental conditions.
According to N. Koluman (2023), during peri-
ods of drinking water scarcity, goats voluntar-
ily reduce their dry food intake. R.M. Reshma
Nair et al. (2021) report that when exposed to
high temperatures, goats are able to concen-
trate urine, thus maintaining the body’s water
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balance. In turn, N. Maksimovi¢ et al. (2023)
found that the heart rate in goats with limited
access to water decreases, further slowing down
the metabolic rate to conserve water and com-
pensate for the reduction in animal food intake.

However, according to S. Hamzaoui et
al. (2013), goats are not heat-resistant during
lactation. They show certain changes in produc-
tivity due to heat stress, namely, a decrease in
milk yield and a change in the chemical compo-
sition of milk. However, there is also a decrease
in feed consumption. In goats, the maximum
appetite was shown at the ambient tempera-
ture range from 0°C to +10°C, then it was grad-
ually lost when the temperature rose to +40°C.
Under heat stress, goats’ rectal temperature
(+0.58°C), respiratory rate (+48 breaths/min),
water consumption (+77%), and water evapora-
tion (+207%) increased.

A.AK. Salama et al. (2020) also confirm
that heat stress causes noticeable changes in
thermophysiological properties in dairy goats,
including an increase in rectal temperature and
respiratory rate, along with a decrease in feed
intake (by 28%) and milk yield (by 21%). In turn,
A. Contreras-Jodar et al. (2018) found that heat
stress not only negatively affected the milk pro-
duction levels of Murciano-Granadina goats and
their eating behaviour, but also led to changes in
the immune system and increased susceptibil-
ity to diseases. Using the THI index, a decrease
in feed intake (by 29.8%), milk yield (by 8%),
protein content (12%) and fat content (13%) in
milk was found in goats exposed to heat stress.

HA. Yamani & N. Koluman (2020), investi-
gated how rising ambient temperatures affect
milk production in Saanen, Alpine, and Boer
goats. According to their data, milk yield in
goats decreased with an increase in the value
of THI. Overall, THI was 70.097% in the spring
season and 82.65% in the summer season. It is
recorded that for every 1 unit of increase in THI,
there is a decrease in milk yield by 1%. THI val-
ues of 75-78% cause stress, and THI values of
70% or less are comfortable for animals.

S.V. Chumak et al. (2021) found that the
presence of Saanen goats under THI conditions
of more than 65% affected some chemical in-
dicators of goat’s milk. In particular, there was
a decrease in fat content by 29%. There were
no differences in protein and lactose concen-
trations. A decrease in the fat/protein ratio in
goat’s milk by 27% and dry matter by 9% was
observed during the month. The concentration
of urea nitrogen in milk decreased by 60%.
There was a significant increase in the num-
ber of somatic cells almost three times, which
confirms the presence of a stress response
from the mammary gland.

Sharp fluctuations in the intensity of
movement of animals are always a signal
of violation of their comfortable condi-
tions, which is confirmed by observations of
M. Yildirir et al. (2019) and research data. An-
imals become restless, constantly move, ag-
gression increases, or vice versa, they become
passive. The hierarchy of goats in the herd
also affects their behaviour and feed intake
(p £0.005). Low-ranking goats have a higher
feeding frequency (P < 0.001). The duration
of rest (lying down and standing) decreases
in goats of medium- and low-rank (P =0.001).
Competitive behaviour increases (P=0.001) in
medium-and low-rank goats.

Summarising the results of this study, it
should be noted that with a sharp increase in
temperature, the intensity of movement of
Saanen and Alpine breeds decreased. With THI
indicators of 69-74%, the intensity of animal
movement was high, but with an increase to
81%, there was a sharp decline in activity. It
was also found that after a long stay in THI
conditions, 75-81% of goats find it quite diffi-
cult to restore normal activity indicators.

Thus, the analysis of scientific sources
and the present research indicate that THI is a
good indicator of detecting heat stress in ani-
mals. Therefore, it is advisable to consider this
indicator when regulating the microclimate in
premises for dairy goats.
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Conclusions

It was found that at THI values of 69-74%, the
intensity of animal movement was high. When
increasing THI up to 81%, there was a sharp
decline in activity. After a long stay in THI of
75-81%, animals had significant difficulty in re-
storing normal activity levels. Being in the com-
fort zone (THI = 69-74%) the animals showed a
moderate to weak approach to the feed table.
At THI of 75-81% (warning / dangerous), goats
showed interest however, there was no feed
consumption. There was no definite correlation
between feed consumption and the approach of
animals to the feed table, depending on -0.09
(Alpine breed) to +0.23 (Saanen breed).

At THI of 69-73%, animals approached the
feed table exclusively for feed consumption and
stayed there for a longer time. At THI of 76-81%,
animals simultaneously showed both the maxi-
mum approaches to the feed table without feed
consumption and the maximum frequency of
feed consumption. A minor and statistically in-
significant correlation was established between
THI and animal feed consumption (r = +0.06).
A small positive statistically insignificant cor-
relation was found between THI and urination
in goats (r= +0.08). No correlation was found
between the approach to the feed table and
urination - from -0.19 (Saanen breed) to +0.35
(Alpine breed); between feed consumption and
urination — from -0.07 (Alpine breed) to +0.21
(Saanen breed).

A decrease in the frequency of rumination
was found in animals at THI of 81%, while goats
exhibited relative calmness. At THI of 68-75%,
high rates of rumination were recorded. At THI
of 76%, a sharp decrease in the rumen activi-
ty was observed. Low statistically insignificant
correlation coefficients were found between
THI and ruminant performance in animals,
ranging from -0.16 (Alpine breed) to +0.07

Animal Science and Food Technology. 2024. Vol. 15, No. 2

(Saanen breed). Rest was positively correlated
with such indicators as THI, r= from +0.40 (Saa-
nen) to +0.49 (Alpine); movement in the pen,
r=+0.62 and +0.66; approach to the feed table
r=+0.32 and +0.31, and urination r= +0.16 and
+0.12, respectively.

A sharp increase in the frequency of rest
was detected at THI of 76-81 %. After normal-
isation of temperature, an increase in the fre-
quency of rest in animals was also observed,
which may be a consequence of heat stress.
At the optimal level of THI (up to 74%), over a
long period of time, the frequency of goat rest
decreased. A positive statistically insignificant
correlation was established between THI and
animal movement in the pen, r= from +0.19
(Saanen) to + 0.39 (Alpine). The movement of
animals in the pen positively correlates with
feed consumption, r = from +0.30 (Saanen) to
+0.34 (Alpine), and negatively with the rumi-
nation process in animals, r = from -0.23 (Al-
pine) to -0.68 (Saanen). It was found that ani-
mals of the Saanen breed in the conditions of
the farm “Tetiana-2011” were more tempera-
ture-dependent and responded to an increase
in THI by increasing activity and frequency of
position changes, and to the normalisation of
THI - by general calmness (lengthening of rest
time and reduction of movement in the pen).
In order to better understand the algorithm of
behaviour of dairy goats under intensive tech-
nology, it is advisable to conduct similar stud-
ies in the future, subject to an increase in the
number of experimental animals and the dura-
tion of observation.
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AHorauisa. TemnepaTtypHo-BonoricHmii ingekc (THI) € ogHUM 3 Hai6iIbII KPUTUIHUX QaKTOPiB
cepenoBMINA, aJke BIUIMBAE HA TEPMOPETY/IAIil0 OpraHiaMy Ta IMPOAYKTMBHICTb Ki3 B IIiJIOMY.
MeTa JOCTiIKeHHST — BUSBUTY B3a€MO3B’SI30K MK ITOBEIiHKOBMMM PeaKI[iIMu Ki3 pisHUX TOpif,
3i 3MiHOI0 TeMIlepaTypHO-BOJIOTICHOTO iHAEeKCy y TMpumilleHHi. Y AOCTiaskeHHI BUKOPUCTAHO
MeTOAM 4YacoBUX 3pi3iB i peecTpailii moBeiHKOBUX MPOSIBiB Ki3. BusBaeHO, 110 3a MOKa3HUKIB
THI 69-74 % iHTeHCHMBHICTh PyXy TBapMH Oy/ia BUCOKOIO, ogHak mpw minpumienui THI go 81 %,
BifOyBaBcsl pi3kuit cran aktuBHOCTI. ITicist TpuBamoro mepebyBaHHs B ymoBax THI 75-81 %
K03aM JOCUTb BaKKO BiIHOBIIOBATM HOpMasbHi MOKA3HUKM aKTUBHOCTI. [lepeGyBatoun y 30Hi
koMdopty (THI = 69-74 %) TBapUHU TeMOHCTPYBAIM ITOMipHUIL Ta CIA6KMIT MiIXiJ 1O KOPMOBOTO
cromy. ITpu THI 75-81 % K03 IPOSIBASIM iHTEpeC IO KOPMOBOTO CTOJNY, OJHAK CITOKMBAHHS
KOpMy He BinOyBasocs. BigmoumMHOK TBapyH MO3UTMBHO KODETIOE 3 TAKUMMU IOKa3HUMKAMMU SIK
THI, r = Big +0,40 (3aaHeHchbKi) Ko +0,49 (Anbmiliceki); pyx mo 3arony, r = +0,62 i +0,66; niaxin,
o KopMoBoro crony r = +0,32 i +0,31 Ta ceyoBumyckanus r = +0,16 i +0,12 BiznosigHo. BusineHo
pi3Ke MmiABUILEHHS 4yacTOTu BigmoumHKy npu THI 76-81 %. Ilicng Hopmanisanii THI Taxkosxk
CITOCTepiraay MigBUILEHY YacTOTY BiIIOYMHKY Y TBApMH, IO MOXKe OYTM HACIiAKOM TEIJIOBOTO
crpecy. 3a ontumanbHoro THI (mo 74 %), ynipogoBXK TpMUBAIOTO MepPiofAy, 4acToTa BiATIOUMHKY Ki3
3MeHLIyBanacs. BcTaHOB/IEHO MO3UTMBHY CTaTUCTMUYHO HENOCTOBipHY Kopensuilo mixk THI Ta
PYXOM TBapuH IO 3arony, r = Bifg +0,19 (3aaHeHchbki) 1o +0,39 (anbmiliceki). Pyx TBapuH 1o 3arony
MIO3UTMUBHO KODEJIIOE i3 CIIOXXMBaHHAM KopMmy, I = Bix +0,30 (3aaneHcbKi) 1o +0,34 (AnbIiiiChKi)
Ta HEraTUMBHO 3 XYMHUM IIPOLIeCOM Y TBapuH, r = Bix -0,23 (Anbmiiiceki) go -0,68 (3aaHeHCHKi).
BusiByieHo, 110 KO3M 3aaHEHChKOI mopoay 6iibin 3aneskHi Big THI Hixk Anbiilicbkoi. Pe3ynbratu
IOCTiIKeHHS IOLIbHO BpPaxXOBYBATH ITiJi Yac peryaiOBaHHS MiKpPOKIiMaTy B IMPUMIIEHHSIX IJIsT
OifHUX Ki3 i uariB

KmouoBi c1oBa: TeMmmepaTypa HaBKOJIMIIHBOTO CepelOBMINA; Lialy; IOBeLiHKA TBapuH;
CIIOKMBAHHS KOPMY; pPyMiHallis
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Abstract. An important tool for improving the productive characteristics of pigs, including boars,
is a thorough study of their behavioural patterns and reactions to compliance with housing
conditions, which serves as an indicator of the protocol for assessing the welfare of this sex group in
commercial pig farms. The purpose of the experiment was to identify the influence of age, season of
the year, and type of ventilation on the duration of behavioural acts of boars by breeds to establish
their behavioural patterns in industrial technology. The experiment involved 18 boars of the Large
White, Landrace, and Duroc breeds. The boars selected for the experiments were clinically healthy
and divided into two groups of 9 animals each. The control group of boars was kept in a room with a
transverse ventilation system, and the animals of the experimental group were kept in geothermal
air supply conditions for a year. In the process of visualising the behaviour parameters of boars
of different breeds, it was found that: the duration of rest was significant (P < 0.001) affected by
49.1-67.6% - age, 10.9-23.2% - season of the year, 0.1-3.0% - type of ventilation; the duration
of movement during the day was significant (P <0.001) affected by 44.7-68.0% — age, 9.1-28.5% —
season of the year, 0.5-3.2% — type of ventilation; the duration of admission feed and water were
significant affected (P <0.001) by 49.7-71.9% - age, 7.9-25.9% — season of the year, 0.1-2.4% — type
of ventilation. A behavioural act that prevailed in duration and frequency (P < 0.001), especially
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in the summer-autumn period, was rest, which increased in time with age from 72.3% to 76.4%,
regardless of the breed, season of the year, and type of ventilation. In summer and autumn, the
transverse air supply system visualised abnormal apathetic behaviour during rest in animals (lying
on their sides, stomach, eyes closed, without any reactions to indifferent stimuli, and the time that
boars spent on stereotypical behaviour (head banging, jumping and licking the bars of the cage)
increased by 3% (P<0.95) and in the “position of sitting dog” by 2% (P < 0.95). The results obtained
allow introducing the use of ethological factors in industrial pig production to increase boar sperm
production, and identify individuals with behavioural deviations to develop ways to assess welfare
and integrate them into production

Keywords: pigs; rest; movement; feed and water intake; welfare; three-factor variance analysis

Introduction

According to the convincing opinion of
J.J. McGlone et al. (2020), who published the
peer-reviewed section of the textbook “Animal
Reproduction in Veterinary Medicine” in the
public domain, the successful development of
pig production technologies is a case in main-
taining and restoring the number of animals
as raw materials for processing enterprises.
Results of long-term research by A. Lykhach et
al. (2023) confirm the fact that in Ukraine, most
commercial pig farms keep boars to maintain
successful pig breeding technologies and prof-
itable management of the pig industry in gener-
al. Practical experience shows that for cost-ef-
fective pork production in pig farms, the main
factor is effective artificial insemination of sows
with the criterion of evaluating boars according
to their qualitative and quantitative parame-
ters of sperm production, which was the focus
of experiments by S. Kondracki et al. (2021).
In turn, the synthesis of sperm in boars de-
pends on a number of factors, in particular:
age, breed, intensity of use, time of year, ven-
tilation system in the premises, type of higher
nervous activity, signs of individual behaviour-
al complex, etc., and is confirmed by the con-
clusions of I. Zapryanova & R. Malinova (2019),
I. Michos et al. (2021), W.L. Flowers (2022).

Despite various technological challenges,
Ukraine is adopting and implementing a num-
ber of highly innovative technologies with the

use of energy efficiency in livestock facilities,
in particular pig breeding, to combine inten-
sive systems of pork production technology,
which are operated with minimal costs, maxi-
mum production capacity in compliance with
sanitary and hygienic requirements for keeping
pigs of different sex and age groups and the
transformation of the energy system of live-
stock premises at the expense of alternative
fossil resources in the agricultural sector, in
particular, geothermal energy. However, the use
of geothermal energy (Kwak et al., 2021) in pork
production will reduce the impact of the indus-
try on the environment, harmonise the com-
pliance of conditions for keeping pigs with the
biological needs of industrial-type sites (Kim et
al., 2023), as provided for by the legislation of
Ukraine and the European Union (Council Di-
rective 2008/120/EC, 2008; Order of the Minis-
try for Development of Economy No. 224, 2021).

Natural regulatory and temperature condi-
tions for the development of pig breeding are
not observed in every region of Ukraine. For
example, data from the Ukrainian Hydromete-
orological Centre of the State Emergency Ser-
vice of Ukraine indicate that the average peak
summer temperature in Ukraine in 2023 was
+33°C, and in the southern area of the coun-
try, such as Zaporizhzhia, Kherson, Mykolaiv,
Odesa regions, the peak summer temperature
in August was recorded at +38°C (Ukrainian
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Hydrometeorological Centre, 2023). In this
regard, a long period of hot weather in these
regions has a significant impact on the tech-
nology of the pig industry and its profitability
in general. Therefore, pig production technol-
ogy, at least in these regions, requires a clear
energy-efficient environmental control system
that not only adapts to hot environmental con-
ditions, but also eliminates the effects of heat
generated by pigs. However, processing large
amounts of fresh air on hot summer days will
inevitably lead to put up in the energy con-
sumption of the cooling system, so a high-qual-
ity cooling system must provide an appropriate
balance between air quality and energy con-
sumption (Hu et al., 2023).

Since the body temperature of pigs is a
homeostatic value, and their productive char-
acteristics increase if they are kept in the tem-
perature comfort zone (Gourdine et al., 2021),
then as soon as the environment becomes hot
and humid, the thermoregulation mechanism is
triggered in pigs: reducing feed intake, slowing
down the growth rate, developing heat stress,
which is harmful to health and even leads to
death (Liu et al., 2022; Niu et al., 2024).

An important strategy for improving the
efficiency of the pig industry is to research the
features of behaviour indicators of different
breeds and production groups of pigs, which al-
lows explaining and predicting their functional
manifestation, and improving performance re-
sponses in the conditions of industrial technol-
ogy, as noted by J.L. Gourdine et al. (2021). From
the search results available, it was found that
the behaviour of boars remains insufficiently
researched, especially depending on age, breed,
season of year or type of ventilation, compared
with the behaviour of lactating sows, rearing
piglets, or fattening pigs. In addition, the pro-
cess of learning about the behaviour of boars
is complicated by significant differences in the
ways of keeping them in both sustainable and
industrial pig breeding. Currently, the legiti-
mate way to keep boars is individual, since the
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group method often shows stereotypical and
homosexual behaviour, and acute and chronic
aggression (Haigh & O’driscoll, 2019). Since
visualisation of the behaviour of boars is an
important tool for obtaining the necessary in-
formation about the compliance of conditions
of keeping with the biological needs of animals
and, as a result, an indicator of ensuring the
welfare of the latter, the purpose of the exper-
iment was to establish the influence of age,
season of year and type of ventilation system
on the duration of behavioural acts of boars in
the context of breeds and, as a result, the es-
tablishment of their behavioural patterns in
industrial technology.

Materials and Methods
Experimental studies were conducted during
2021-2023 at the Ukrainian breeding farm PrJSC
“Plemzavod Stepnoy” Zaporizhzhia Region. In
total, 18 boars of Large White, Landrace, and Du-
roc breeds were used in the experiment (Fig. 1).

Figure 1. Breeds of boars kept on the farm
Source: photo by the authors
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Boars were kept on bedding in individual
pens with an area of 7 m?, on a concrete floor
with heat and moisture insulation. The boars
of different breeds selected for the experi-
ments were clinically healthy. The pigsty was
equipped with forced transverse and geother-
mal ventilation with electronic control. Boars
were fed individually with granulated com-
plete mixed feed “Eber” at 2.8-3.0 kg of feed
per animal/day with a nutritional value: crude
protein content — 202,630 g/kg and metabolic
energy of 12,406 MJ/kg. The composition of
1 kg of granulated feed produced by LLC “PC
Alternativa” included the following ingredi-
ents (%): corn (20,000), wheat (18,355), wheat
bran (25,000), soybean cake (22,645), sunflower
meal (10,000), Aminomix Eber (4,000), (quality
certificate according to the Technical Condi-
tions DSTU 4508:2005). The feed was provided
twice a day, at 8:00 am and 04:00 pm. The boars
had constant access to drinking water from
nipple drinkers. The microclimate parameters
at the premises corresponded to Department
Norms for Technological Design — Agro-Indus-
trial Complex —02.05 “Pig-breeding enterprises

(complexes, farms, small farms)” (2005). The
conditions of feeding, watering, keeping, care,
prevention and treatment were in accordance
with the European legislation on the protec-
tion of animals and their comfort (Council Di-
rective 2008/120/EC (2008); Council Directive
2010/63/EC (2010) and Order of the Ministry
for Development of Economy, Trade and Agri-
culture of Ukraine No. 224 (2021). The treat-
ment of boars in the experiment fully met
the requirements of bioethical standards for
proper treatment of animals approved by the
Bioethical Commission of the National Uni-
versity of Life and Environmental Sciences of
Ukraine (007/2021).

A control group of boars with 3 animals of
each breed was kept in the house by a trans-
verse ventilation system with wall-mount-
ed supply valves (1), wall-mounted exhaust
fans (2), and an automated microclimate con-
trol system (3) (Fig. 2). Air entered the room
through wall-mounted valves, and the speed of
the exhaust fans and the opening of the valves
were controlled by a computerised microcli-
mate monitoring system.

Figure 2. Structural elements of transverse ventilation in the premises
for boars of different breeds from the control group

Source: photo by the authors

The design features of the ventilation sys-
tem (Fig. 3) in the house where the boars of the
experimental group were kept, 3 animals of
each breed, is the organisation of air circula-
tion using a geothermal system: air inflow from
the environment was carried out through an

air intake shaft (1), then the air passed through
an underground tunnel - air duct (2), where it
was additionally heated in winter or cooled in
summer due to soil energy before entering the
house directly through the lower ventilation
racks (3), which were evenly located near the

Animal Science and Food Technology. 2024. Vol. 15, No. 2




76

Behavioural patterns of boars...

exhaust fans of the shafts that release air to
the outside, and the functioning of the entire

7

M )

system was organised and controlled by a mi-
croclimate control device (4).

3) @

Figure 3. Structural elements of geothermal ventilation
in the premises for boars of different breeds from the experimental group

Source: photo by the authors

Both experimental groups of boars kept in
house with different ventilation systems had
identical construction, were made of the same
building materials, and were equally spatial-
ly located relative to the prevailing wind rose.
The number of cages in both buildings was the
same, with an identical area and similar system
for water and feed distribution, manure remov-
al was carried out by horizontal TSN-3 convey-
ors and remote conveyors on tractor trailers.

During the experiment, the timing of be-
havioural acts of boars of different breeds was
monitored using Full HD 1080p video record-
ers (with a maximum resolution of 1920x1080,
30 fps) with AVI recording format. In total,
behavioural acts (rest, movement, food and
water intake for 24 hours) were studied by
visual observations in boars aged 6, 12, and 24
months of the following breeds: Large White,
Landrace, Duroc. The assessment of behav-
ioural acts of boars of each breed was meas-
ured in absolute terms as the number of min-
utes spent on the performance of a particular
behavioural act during the day.

When analysing the influence of the age
group, type of ventilation, and season of the
year on the duration of rest, movement, and
feed and water intake of pigs, the algorithm
of three-factor variance analysis (with fixed
factors) was used. In addition to the influence
of the main factors, estimates of the variance
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ratio are also calculated for combinations
of second-level factors (“age group” x “type
of ventilation”, “age group” x “season of the
year”, and “type of ventilation” x “season of
the year”), and for combinations of third-level
factors (“age group” x “type of ventilation” x
“season of the year”).

For each main factor and all their possi-
ble combinations, an estimate of the strength
of the factor/combination influence was cal-
culated (h% as the ratio of the corresponding
sum of squares (SS) to the total sum of squares
of the entire dispersion complex, expressed
in %. Three-factor analysis of variance was
performed separately for pigs of three breeds
(Large White, Landrace, and Duroc). Group es-
timates of the arithmetic mean and its 95 con-
fidence interval (95% CI) were also calculated
for each combination of main factors. All cal-
culations were performed using the STATISTI-
CA software suite (StatSoft Inc.) based on the
algorithms given in the manual (Kramaren-
ko et al., 2019).

Results and Discussion
According to the conducted studies, it was
found that in Large White boars, regardless
of the type of ventilation, the duration of rest
increases with age; although in winter the rest
is shorter than in other periods of the year
(Table 1).
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Table 1. Duration of the main behaviour parameters of boars of the Large White breed,
depending on age, season of the year, and type of ventilation, min X£S_

Transverse ventilation

Geothermal ventilation

Behaviour
parameter . . . .
winter sprlng summer autumn winter sprlng summer autumn
6 months and older
Rest 837.5 870.4 856.5 873.6 864.9 872.7 879.5 871.8
£0.43 £1.30 £0.58 £0.38 £0.34 £0.87 £2.46 £0.61
Movement 5163 495.1 510.0 494.2 496.3 494.2 484.3 493.7
£0.37 £0.37 £0.38 £1.00 £1.30 £0.91 £2.53 £3.13
Fe\sgtz‘d 86.4 74.7 73.6 72.8 78.9 73.2 76.4 74.6
. £0.84 £0.98 £0.63 £0.48 £0.60 £1.17 £0.84 £1.66
intake
12 months and older
Rest 855.6 967.2 1,024.8 993.4 946.4 951.2 1,010.5 960.4
+3.83 £2.05 £3.14 £1.76 £2.33 £1.25 £1.30 £2.07
Movement 2018 407.2 361.4 382.4 432.4 428.6 380.7 418.7
£0.77 £2.24 £5.99 £5.90 £2.24 £0.57 £1.11 £1.61
Fe;:ti?d 82.9 65.6 53.8 64.2 61.2 60.0 48.8 60.9
. £2.70 £1.65 £2.40 £1.31 £0.66 £0.40 £0.20 £0.74
intake
24 months and older
Rest 935.4 946.1 1,048.3 945.6 980.5 996.7 1,026.1 993.4
£7.92 £7.10 £0.50 £1.01 £1.20 £0.69 £1.14 £0.77
Movement 4362 429.7 3453 4277 392.3 381.4 365.8 384.3
£1.84 £2.16 £3.46 £1.84 £0.93 £1.27 £1.54 £3.39
Feﬁgg‘d 68.4 64.2 46.4 66.7 67.2 61.9 48.1 62.3
o £1.11 £1.29 £0.97 £0.48 £1.11 £0.55 £0.54 £0.73

Source: developed by the authors

Based on the obtained data, it was found
that the complex of behavioural acts in boars
visualises an age-related decrease movement
from 15%, regardless of their breed, season of
the year, and ventilation system in the premis-
es. According to A. Lykhach et al. (2023), boars
are characterised by a behavioural stereotypi-
cal feature that becomes quite long with age —
the “position of sitting dog”, which accounts
for about 12% of their rest time. The results
of the studies coincide with the conclusions of
the US and French researchers - S.P. Parois et
al. (2017), the object of their study was preg-
nant and lactating sows. These researchers
note that the behavioural strategy for deal-
ing with stress is to reduce overall movement,

as a result of which lactating sows reduced
standing and sitting from 18% to 11.6% of
the time of day and increased, respectively,
rest, and barren sows — spent time in a state
of lying down to 70%. In the experiment, the
longest rest period was recorded in boars aged
24 months and older with the use of a trans-
verse ventilation system in summer, which is
72.8% of the time. Similar data was obtained
by S. Rohrmann & S. Hoy (2005) in three sperm
processing centres in Germany, where 78 boars
rested 81.0% of the 24 hours.

The results of a three-factor analysis of
variance indicate the presence of a significant
(in all cases P<0.001) influence of the main fac-
tors on the duration of rest (Table 2).
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Table 2. Results of a three-factor dispersion analysis of the influence of the age group,
type of ventilation, and season of the year on the duration of rest of Large White boars

Source of variance SS df MS F P h%, %
Age (1) 533,250.4 2 266,625.2 4,705.2 <0.001 65.7

Ventilation (2) 20,835.4 1 20,835.4 367.7 <0.001 2.6
Season (3) 125,575.9 3 41,858.6 738.7 <0.001 15.5

1x2 2,535.2 2 1,267.6 22.4 <0.001 0.3

1x3 72,001.6 6 12,000.3 211.8 <0.001 8.9

2x3 22,145.0 3 7,381.7 130.3 <0.001 2.7

1x2x3 25,202.2 6 4,200.4 74.1 <0.001 3.1

Error 9,519.8 168 56.7 1.2
Total 811,065.5 192 100.0

Notes: SS - sum of squares of deviations; df — number of degrees of freedom; MS — middle square; F — variance
ratio; R — probability level; h2 — the strength of the factor’s influence

Source: developed by the authors

The most significant impact on the du-
ration of rest was observed for the indicators
age (65.7%) and the season of the year (15.5%),
while the impact of the type of ventilation was
the lowest (2.6%). Among the combinations of
factors of the first and third levels, the highest
strength of influence, as might be expected, was
noted for the combination “age group” x “sea-
son of the year” (8.9%). On the other hand, quite

a significant influence was recorded for the
combination of all three main factors, that is,
“age group” x “type of ventilation” x “season of
the year” (3.1%), and for the combination “type
of ventilation” x “season of the year” (2.7%).
The results of three-factor analysis of variance
indicate the presence of a significant (in all cas-
es P<0.001) influence of the main factors on
the duration of movement (Table 3).

Table 3. Results of a three-factor dispersion analysis of the influence of the age group,
type of ventilation, and season of the year on the duration of movement of Large White boars

Source of variance SS df MS F P h?, %
Age (1) 382,542.9 2 191,271.4 3,946.7 <0.001 68.0
Ventilation (2) 7,989.0 1 7,989.0 164.8 <0.001 1.4
Season (3) 72,542.4 3 24,180.8 499.0 <0.001 12.9

1x2 7,558.3 2 3,779.1 78.0 <0.001 1.3

1x3 41,367.2 6 6,894.5 142.3 <0.001 7.3

2x3 17,091.6 3 5,697.2 117.6 <0.001 3.0

1x2x3 25,739.5 6 4,289.9 88.5 <0.001 4.6

Error 8,141.8 168 48.5 1.4
Total 562,972.6 192 100.0

Source: developed by the authors
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As with the duration of rest, the most sig-
nificant effects on the duration of movement
were observed for the age group (68.0%) and
season (12.9%), while the effect of ventila-
tion type was relatively low (1.4%). Among the
combinations of factors, the highest influence
on the duration of movement was registered
for the combination “age group” x “season of
the year” (7.3%). On the other hand, a fairly

significant influence was observed for the com-
bination of all three main factors, i.e.: “age
group” x “type of ventilation” x “season of the
year” (4.6%), and for the combination “type of
ventilation” x “season of the year” (3.0%). The
results of a three-factor analysis of variance in-
dicate the presence of a significant (in all cases
P <0.001) influence of the main factors on the
duration of feed and water intake (Table 4).

Table 4. Results of a three-factor dispersion analysis of the influence of the age group, type of
ventilation, and season of the year on the duration of feed and water intake of Large White boars

Source of variance SS df MS F P h%, %
Age (1) 13,861.4 2 6,930.7 669.8 <0.001 49.7

Ventilation (2) 491.2 1 491.2 475 <0.001 1.8
Season (3) 7,217.7 3 2,405.9 232.5 <0.001 25.9

1x2 7,84.4 2 392.2 37.9 <0.001 2.8

1x3 2,538.6 6 423.1 40.9 <0.001 9.1

2x3 869.8 3 289.9 28.0 <0.001 3.1

1x2x3 3717.1 6 62.8 6.1 <0.001 1.4

Error 1,738.4 168 10.3 6.2
Total 27,878.7 192 100.0

Source: developed by the authors

As with the duration of rest and the dura-
tion of movement, the most significant effect
on the duration of feed and water intake was
observed for the age group (49.7%) and the
season of the year (25.9%), while the effect of
the type of ventilation was also very low (1.8%).
Among the combinations of factors, the highest
strength of influence on the duration of feed and
water intake was registered for the combination
“age group” x “season of the year” (9.1%). On
the other hand, quite a significant influence
was noted for the combination of factors “type
of ventilation” x “season of the year” (3.1%)
and “age group” x “type of ventilation” (2.8%).

Thus, the greatest influence on the dura-
tion of various behaviour parameters of Large
White boars was noted for the main factor “age
group”. Its role in determining the duration
of rest or movement was significantly higher

than for the duration of feed and water intake.
In the second place, according to the propor-
tion of variability on the duration of various
behaviour indicators of Large White boars, was
the influence of the main factor “season of the
year”. However, the opposite situation was es-
tablished here - its effect on the duration of
feed and water intake was almost twice as high
as on the duration of rest or movement. As for
the combination of factors, the greatest im-
pact was observed either for the combinations
“type of ventilation” x “season of the year”
and “age group” x “type of ventilation” x “sea-
son of the year” (for the duration of rest and
movement), or for combinations “age group”
x “season of the year”, “type of ventilation” x
“season of the year” and “age group” x “type of
ventilation” (for the duration of feed and wa-
ter intake).
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Considering the estimates of the arithme-
tic mean ( £95% CI) of the duration of rest in
different groups of Large White boars, depend-
ing on the age group, type of ventilation, and
season of the year, the following patterns can
be noted. At the age of 6 months and older, for
Large White boars, the duration of rest for geo-
thermal ventilation almost did not differ in dif-
ferent seasons of the year, while for transverse
ventilation it was the same in spring and au-
tumn, but differed significantly from the esti-
mates for winter and summer.

The duration of rest increased in animals
aged 12 and 24 months. An increase in the du-
ration of rest at the age of 12 months for ge-
othermal ventilation was noted for animals in
summer and autumn. With the transverse type
of ventilation, boars of the same breed had an
increase in the duration of rest — in summer
and autumn. For animals aged 24 months, two
patterns of dependence of the duration of rest
on the type of ventilation were established.
The first pattern was observed during the au-
tumn-winter-spring period of the year, but
boars spent more time resting in premises with
geothermal ventilation than during transverse
ventilation. The second pattern was observed
for animals of the same breed in summer, since
for them the duration of rest, on the contrary,
was significantly higher with transverse venti-
lation than with geothermal ventilation.

The duration of movement at the age of
6 months for Large White boars did not differ
much in different seasons of the year with ge-
othermal ventilation. But with the transverse
type of ventilation, it grew — in summer and
winter. Overall, movement duration was sig-
nificantly reduced in animals aged 12 and 24
months. At the age of 12 months, it was high-
est in the autumn-winter-spring period of the
year and significantly lower in the summer with
geothermal ventilation. With transverse venti-
lation, the duration of movement increased sig-
nificantly for animals in winter, but decreased
almost proportionally in spring, summer, and
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autumn. For boars aged 24 months, two pat-
terns of dependence of the duration of move-
ment on the type of ventilation were also es-
tablished. The first pattern was observed during
the autumn-winter-spring period of the year,
but for geothermal ventilation, this behavioural
act was significantly reduced compared to the
transverse type of ventilation. The second pat-
tern was observed for boars in summer, where
the duration of movement, on the contrary, was
significantly higher with geothermal ventila-
tion than with transverse ventilation.

For boars aged 6 months, the duration of
feed and water intake almost did not differ in
different seasons of the year, both with geo-
thermal ventilation and with transverse venti-
lation. With the exception of the winter season,
when this behaviour was significantly higher
with transverse ventilation type. Overall, the
duration of feed and water intake decreased in
animals aged 12 and 24 months. At the age of 12
months, the duration of feed and water intake
was almost the same in spring and autumn for
both types of ventilation systems. In winter, the
duration of feed and water intake was signifi-
cantly higher with transverse ventilation, and
in summer, this behaviour parameter was the
lowest with both geothermal ventilation and
transverse ventilation, although it tended to
increase with transverse ventilation. At the age
of 24 months, the duration of feed and water in-
take was lowest in summer and autumn and was
the same for both geothermal and transverse
ventilation. In spring, the duration of this be-
haviour was higher, and in winter even higher,
however, the duration of feed and water intake
of boars in these seasons also did not differ with
different types of ventilation.

It is worth noting that a similar analysis of
variance was performed by S.V. Zhyzhka (2021)
in the dissertation paper on the reproductive
qualities of sows in conventional ventilation
and negative pressure air supply in different
seasons of the year. Thus, the researcher estab-
lished the probable strength of the influence
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of the indoor ventilation system on the num-
ber of piglets at weaning by 3.38% (P < 0.05),
the weight of the piglets’ nest at weaning by
5.95% (P <0.01), and the absence of this factor
on number and weight of piglets. The season
of year factor had a significant effect on nest
weight at weaning 26.58% (P <0.001), sow mul-
tiple fertility 3.47% (P <0.01), number of piglets
at weaning 2.38% (P <0.01), and piglet survival
before weaning 1.87% (P <0.05). The significant
influence of this factor on the size of piglets has
not been established. The interaction of these
factors had little effect on the weight of the pig-
lets’ nest at weaning.

The time spent on parameters of the be-
haviour of boars of the Landrace breed, de-
pending on age, season of the year and type of
ventilation, is shown in Table 5. The results of
the behavioural range of boars of the Landrace
breed indicate that the predominant behav-
iour in terms of duration and frequency in this
breed, as well as Large White and Duroc breeds,
is a stationary state, which is visualised at pig
farms as behaviour in a state of rest. Howev-
er, in the course of observation, it was noticed
that boars of the Landrace breed, differing in
a more excitable type of higher nervous ac-
tivity when kept with a transverse type of air

ventilation, spent up to 3% (P <0.95) of the time
on stereotypical behaviour, which manifested
itself in the form of head banging and lick-
ing the cage grate, especially in the hot sum-
mer and autumn, which is consistent with the
study by I. Petak et al. (2010), identified a sim-
ilar phenomenon from 13 studied behavioural
complexes of sire boars. ].W. Ross et al. (2015)
suggest that this behaviour of pigs is a conse-
quence of heat stress, where extreme heat in
the summer months of the year is likely to af-
fect both pork production and welfare of pigs.
According to V. Miclea et al. (2016), the behav-
ioural complex of boars has a significant im-
pact on their sperm production. Most animals
without heat stress showed stable sexual re-
flexes, and they were awarded 5 points. In turn,
ejaculates were collected from the same boars
twice a week in the spring for two years and it
was noted that ejaculates were characterised by
age and breed-appropriate volume, concentra-
tion and mobility, and could be processed into
the largest number of doses for insemination.
This had an obvious positive economic effect.
However, the researchers found that age affect-
ed the quality of ejaculate in young boars, with
the exception of a few animals that had reduced
sexual reflexes.

Table 5. Duration of the main behaviour parameters of boars of the Landrace breed,
depending on age, season of the year, and type of ventilation, min X+S_

Transverse ventilation

Geothermal ventilation

Behaviour
parameter  yjpter spring summer autumn  winter spring summer autumn
6 months and older
Rest 832.4 868.9 904.3 871.3 896.3 873.3 900.4 875.3
+1.71 +0.93 +7.18 +1.41 +7.02 +0.82 +7.80 +2.33
Movement 517.6 498.2 442.8 493.8 469.8 495.6 466.8 494.5
+0.57 +9.09 +5.57 +1.31 +3.00 +0.40 +7.45 +1.93
Feed and 90.1 72.9 92.9 74.9 73.9 71.1 72.8 70.2
water intake +0.41 +0.67 +0.23 +0.30 +1.35 +0.56 +1.08 +0.40
12 months and older
Rest 862.2 898.6 1,021.4 929.3 929.3 939.8 967.5 965.4
+4.87 +16.27 +0.90 +10.61 +10.61 +3.98 +6.67 +1.99
498.9 475.6 366.5 449.1 436.4 418.3 408.9 414.5
Movement 1 69 +8.47 £4.37 £7.29 +1.87 +3.08 £4.03 £1.01
Feed and 78.9 65.8 52.1 61.6 65.6 54.2 58.4 60.1
water intake +1.25 +1.60 +2.09 +1.04 +1.18 +1.03 +0.25 +0.61
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Table 5. Continued

Transverse ventilation Geothermal ventilation

Behaviour
parameter  yjipter spring summer autumn  winter spring  summer autumn
24 months and older

Rest 934.8 954.6 1,010.1 956.4 938.6 965.1 1,021.0 951.3
+7.64 +5.47 +0.44 *4.15 +£8.38 +9.20 £2.01 £10.02

Movement 446.8 429.3 380.0 431.8 442.3 414.5 369.8 410.7

+4.58 +2.17 +5.20 £1.31 *v11.96 +4.87 +1.95 +£5.16

Feed and 58.4 56.4 49.8 51.8 59.1 60.4 49.2 67.0

water intake £0.97 +1.35 +1.06 £1.19 £0.77 +1.22 +0.67 *£1.59

Source: developed by the authors

The results of the three-factor analysis of
variance indicate the presence of a significant

(in all cases: P <0.001) influence of the main
factors on the duration of rest (Table 6).

Table 6. Results of a three-factor variance analysis of the influence of age group,
type of ventilation, and season of the year on the duration of rest of Landrace boars

Source of variance SS df MS F P W, %
Age (1) 27,3483.6 2 136,741.8 368.7 <0.001 49.1
Ventilation (2) 16,474.3 1 16,474.3 44.4 <0.001 3.0
Season (3) 129,346.5 3 43115.5 116.3 <0.001 23.2
1x2 6,512.0 2 3,256.0 8.8 <0.001 1.2
1x3 16,872.9 6 2,812.1 7.6 <0.001 3.0
2x3 25,016.1 3 8,338.7 22.5 <0.001 4.5
1x2x3 27,408.6 6 4,568.1 12.3 <0.001 4.9
Error 62,302.1 168 370.8 11.2
Total 557,416.1 192 100.0

Source: developed by the authors

The most significant effect on rest duration
was observed for the age group (49.1%) and
season of the year (23.2%), while the effect of
ventilation type was the lowest (3.0%). Among
the combinations of factors of the second and
third levels, the highest strength of influence
was noted for the combination “age group” x

“type of ventilation” x “season of the year”
(4.9%), and “type of ventilation” x “season of
the year” (4.5%).

The results of three-factor analysis of var-
iance indicate the presence of a significant (in
all cases: P<0.001) influence of the main fac-
tors on the duration of movement (Table 7).

Table 7. Results of a three-factor variance analysis of the influence of age group,
type of ventilation, and season of the year on the duration of movement of Landrace pigs

Source of variance SS df MSs F p h %
Age (1) 165,723.5 2 82,861.7 407.1 <0.001 44.7
Ventilation (2) 12,034.9 1 12,034.9 59.1 <0.001 3.2
Season (3) 105,796.7 3 35,265.6 173.3 <0.001 28.5

1x2 4,132.5 2 2,066.3 10.2 <0.001 1.1

1x3 8,966.4 6 1,494.4 7.3 <0.001 24

2x3 21,805.4 3 7,268.5 35.7 <0.001 5.9

1x2x3 18,363.1 6 3,060.5 15.0 <0.001 4.9
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Table 7. Continued

Source of variance SS df MSs F P h, %
Error 34,191.4 168 203.5 9.2
Total 371,013.8 192 100.0

Source: developed by the authors

Similarly, as with respect to the duration of
rest, the most significant effect on the duration
of movement was observed for the age group
(44.7%) and the season of the year (28.5%), and
the influence of the type of ventilation was low
(3.2%). Among the combinations of factors of the
second and third levels, the highest strength of
influence on the duration of movement of boars

of the Landrace breed, and in the previous case,
was noted for the combination of “age group”
x “type of ventilation” x “season of the year”
(4.9%) and “type of ventilation” x “season of the
year” (5.9%). The results of a three-factor anal-
ysis of variance indicate the presence of a sig-
nificant (in all cases: P <0.001) influence of the
main factors on feed and water intake (Table 8).

Table 8. Results of a three-factor dispersion analysis of the influence of the age group, type of
ventilation, and season of the year on the duration of feed and water intake of Landrace boars

Source of variance SS df MSs F P h, %
Age (1) 14,892.1 2 7,446.1 826.2 <0.001 55.7
Ventilation (2) 632.2 1 632.2 70.2 <0.001 2.4
Season (3) 2,123.0 3 707.7 78.5 <0.001 7.9
1x2 1,980.2 2 990.1 109.9 <0.001 7.4
1x3 3,056.1 6 509.3 56.5 <0.001 114
2x3 969.9 3 323.3 35.9 <0.001 3.6
1x2x3 1,589.7 6 265.0 294 <0.001 5.9
Error 1,514.0 168 9.0 5.7
Total 26,757.1 192 100.0

Source: developed by the authors

As with the duration of rest and duration
of movement, the most significant effect on the
duration of feed and water intake was observed
for the age group (55.7%). But the assessment
of the strength of the influence of the season
of the year was significantly lower than for the
previous two behaviour indicators of Landrace
pigs (7.9%). The effect of the type of ventila-
tion was also relatively low (2.4%). Among the
combinations of factors, the highest strength of
influence on the duration of movement was re-
corded for the combination “age group” x “sea-
son of the year” (11.4%) and “age group” x “type
of ventilation” (7.4%).

Consequently, the greatest influence on
the duration of various behaviour parameters
of Landrace boars was observed for the main

factor “age group”. Its role in determining the
duration of rest or movement, in contrast to
other boars of the Large White breed, was lower
than for the duration of feed and water intake.
In the second place, according to the proportion
of variability on the duration of various indica-
tors of boar behaviour, was the influence of the
main factor “season of the year”. But here the
opposite situation was established - its effect
on the duration of feed and water intake of Lan-
drace boars was significantly lower than on the
duration of rest or movement. As for the com-
bination of factors, the greatest influence was
observed for the “type of ventilation” combi-
nations x “season of the year” (for the duration
of rest and movement), and for “age group” x
“season of the year” and “age group” x “type of
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ventilation” (for the duration of feed and water
intake). Ultimately, for all behaviour indicators
of Landrace boars, a significant influence was
also noted for the combination of third-level
factors, that is, “age group” x “type of ventila-
tion” x “season of the year”.

Estimation of the arithmetic mean (* 95%
CI) of the duration of rest in different groups of
boars of this breed depending on the age group,
type of ventilation, and season of the year
shows that at the age of 6 months for Landrace
animals, the duration of rest with geothermal
ventilation was almost the same in different
seasons of the year, while with the transverse
type of ventilation the highest estimates of this
behavioural trait were obtained for the summer
season, slightly lower — in spring and autumn,
and finally the shortest duration of rest was
observed in winter. A significant influence of
the type of ventilation on the duration of rest
was noted only in winter. Overall, the duration
of rest increased in animals aged 12 and 24
months. At the age of 12 months, for Landrace
animals, the duration of summer rest with
transverse ventilation significantly increased
compared to geothermal ventilation, while dur-
ing the remaining seasons of the year, on the
contrary, it significantly decreased. Especially,
this decline was also noted in winter. At the age
of 24 months, during the autumn-winter-spring
period, the duration of rest of boars did not sig-
nificantly differ, while during the summer sea-
son it was significantly higher, but, again, did
not depend on the type of ventilation.

An estimate of the arithmetic mean (*95%
CI) duration of movement in different groups
of Landrace boars, depending on the age group,
type of ventilation and season of the year, in-
dicates that at the age of 6 months, the dura-
tion of movement did not significantly differ in
spring and autumn with both geothermal and
transverse ventilation. Overall, movement du-
ration tended to decrease in animals aged 12
and 24 months. At the age of 12 months, the
duration of movement of boars of this breed
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was almost the same in different seasons of the
year with geothermal ventilation. Although in
winter it was still slightly higher than in sum-
mer. But with transverse ventilation, the dura-
tion of movement of Landrace pigs significantly
increased during all seasons of the year, except
for summer. At the age of 24 months, the dura-
tion of movement was almost independent of
the type of ventilation, and to a greater extent
depended on the season of the year. It was low-
est in summer, grew during the spring and au-
tumn seasons, and peaked in winter.
Estimation of arithmetic means (¥ 95% CI)
of the duration of feed and water intake in dif-
ferent groups of Landrace boars depending on
age group, type of ventilation and season of the
year shows that at the age of 6 months the du-
ration of this behaviour was the same among
Landrace boars in all seasons of the year with
geothermal ventilation. While with transverse
ventilation, it increased significantly in win-
ter and summer, or, conversely, remained un-
changed during spring or autumn. Overall, the
duration of feed and water intake tended to
decrease in animals aged 12 and 24 months. At
the age of 12 months, with geothermal venti-
lation, the duration of feed and water intake in
boars was greatest in winter. With transverse
ventilation, on the contrary, there was a sig-
nificant off-season differentiation in the dura-
tion of feed and water intake; it was lowest in
animals during the summer, highest in spring
and autumn, and finally reached its maximum
in winter. The significant influence of the type
of ventilation was observed in all seasons of the
year, except autumn. At the age of 24 months,
the duration of feed intake during the summer
season was lowest with both types of ventila-
tion. Significant differences for boars kept un-
der different types of ventilation were observed
in the autumn: with geothermal ventilation,
the duration of feed and water intake in this
season was the highest, while with transverse
ventilation — as low as in summer. The type of
ventilation did not affect the duration of feed
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and water intake of Landrace boars in winter
and did not significantly affect them in autumn.

The study by M.B. Shpetnyi (2019) is
somewhat consistent with the conducted ex-
periments, and according to the results of the
analysis of variance, it was found that the main
economic useful features were significantly

affected by the type of lattice floor in the piglet
rearing machine — 9.7-13.6%, while the time of
year affected the same features by 3.5-5.6%, and
their combined interaction by 2.9-4.9%. The
time spent on behaviour parameters of boars of
the Durocbreed, depending on age, season of the
year and type of ventilation, is shown in Table 9.

Table 9. Duration of the main behaviour parameters of boars of the Duroc breed,
depending on age, season of the year, and type of ventilation, min X£S_

Transverse ventilation

Geothermal ventilation

Behaviour
parameter  yinter  spring summer autumn  winter  spring summer autumn
6 months and older
Rest 905.3 911.2 976.4 966.2 926.1 937.7 949.2 940.1
+1.10 +1.48 +5.51 +1.91 +0.64 +1.10 +6.78 +3.66
472.3 468.2 408.4 414.2 453.2 453.1 443.1 441.1
Movement 45 g¢ +4.21 £0.96 £0.97 £5.66 +3.38 £3.66 +1.88
Feed and 62.12 60.0 55.9 59.5 60.5 59.1 57.9 58.9
water intake +0.55 +0.46 £0.99 +0.89 +0.50 +0.52 +0.52 +0.35
12 months and older
Rest 862.6 922.5 1,069.4 984.4 964.9 960.4 985.2 966.7
+4.83 +9.38 +4.84 +2.76 +5.91 +3.91 +7.12 +1.66
489.2 442.8 327.9 396.8 406.7 414.3 400.0 416.9
Movement 4599 +8.80 £6.40 £2.46 £0.93 +1.42 +3.14 £0.97
Feed and 88.3 74.3 42.0 58.6 68.3 65.4 52.9 56.0
water intake +0.90 +0.59 +0.65 +0.50 +0.25 +0.82 +0.72 £0.46
24 months and older
Rest 1,065.8 1,064.5 1,100.7 1,072.6 1,068.6 1,049.6 1,050.3 1,042.1
+2.94 +1.23 +2.97 +2.01 +8.38 +0.71 +6.79 +1.54
342.9 337.5 319.0 332.5 334.6 354.1 359.0 364.8
Movement 3777 +4.28 +4.04 +3.46 +4.04 +6.45 +4.82 £6.82
Feed and 31.0 38.8 20.4 35.3 36.5 35.0 30.4 33.4
water intake +0.33 +1.22 +0.26 +1.29 +0.42 +0.53 +(0.38 +£0.50

Source: developed by the authors

Visualisation of behavioural acts of Du-
roc boars depending on the season of the year
and the type of ventilation parameters that in
animals aged 24 months, the duration of time
for rest ranged from 72.3% to 76.4%, consider-
ing the phlegmatic temper of representatives
of this breed. During rest, the animals lay on
their sides, stomachs, with their eyes closed,
sometimes not responding to any indifferent
stimuli in the house where they were kept, es-
pecially in the hot season. Such indifference,
according to D.M. Broom & A. Fraser (2007) re-
fers to abnormal apathetic behaviour, which in

this study was observed in boars of the Duroc
breed with a transverse air ventilation system.
In addition, boars of this breed showed stere-
otypical behaviour in the form of jumping on
the cage grid — up to 1% (Fig. 1) and the “po-
sition of sitting dog” — 2% (P <0.95), which is
consistent with the experiments conducted by
I. Petak et al. (2010) and in their case, this fig-
ure was 3% (P<0.99).

The results of a three-factor analysis of
variance indicate the presence of a significant
(P<0.001...0.003) influence of the main factors
on the duration of rest (Table 10).
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Table 10. Results of a three-factor dispersion analysis of the influence of the age group,
type of ventilation and season of the year on the duration of rest of Duroc boars

Source of variance SS df MS F P h?
Age (1) 560,717.4 2 280,358.7 2,013.2 <0.001 67.6

Ventilation (2) 1,233.7 1 1,233.7 8.9 0.003 0.1
Season (3) 90,471.7 3 30,157.2 216.6 <0.001 10.9

1x2 8,933.9 2 4,467.0 32.1 <0.001 1.1

1x3 52,316.7 6 8,719.4 62.6 <0.001 6.3

2x3 65,405.7 3 21,801.9 156.6 <0.001 7.9

1x2x3 26,650.5 6 4441.7 31.9 <0.001 3.2

Error 23,395.3 168 139.3 2.8
Total 829,124.9 192 100.0

Source: developed by the authors

The most significant effect on the dura-
tion of rest for Duroc boars was observed for
the age group (67.6%) and the season of the
year (10.9%), while the influence of the type
of ventilation was very low (0.1%). Among the
combinations of factors of the second level, the
highest strength of impact was noted for the

combinations “type of ventilation” x “season
of the year” (7.9%) and “age group” x “season
of the year” (6.3%). The results of three-factor
analysis of variance indicate the presence of a
significant (in all cases: P <0.001) influence of
the main factors on the duration of movement
(Table 11).

Table 11. Results of a three-factor dispersion analysis of the influence of age group,
type of ventilation, and season of the year on the duration of movement of Duroc boars

Source of variance SS df MS F p h?
Age (1) 341,522.3 2 170,761.1 1081.0 <0.001 64.9
Ventilation (2) 2,653.0 1 2,653.0 16.8 <0.001 0.5
Season (3) 48,134.6 3 16,044.9 101.6 <0.001 9.1
1x2 4951.9 2 2,476.0 15.7 <0.001 0.9
1x3 35,051.4 6 5,841.9 37.0 <0.001 6.7
2x3 51,467.6 3 17,155.9 108.6 <0.001 9.8
1x2x3 15,771.8 6 2,628.6 16.6 <0.001 3.0
Error 26,538.6 168 158.0 5.0
Total 526,091.2 192 100.0

Source: developed by the authors

As with the duration of rest, the most sig-
nificant effect on the duration of movement
of Duroc boars was observed for the age group
(64.9%) and the season of the year (9.1%),
while the influence of the type of ventilation
was significantly low (0.5%). Among the com-
binations of factors of the second level, the
highest force of influence on the duration of

Animal Science and Food Technology. 2024. Vol. 15, No. 2

movement was also registered for the com-
binations “type of ventilation” x “season of
the year” (9.8%) and “age group” x “season of
the year” (6.7%). The results of a three-factor
analysis of variance indicate the presence of a
probable (in all cases: P <0.001) influence of
the main factors on the duration of feed and
water intake (Table 12).
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Table 12. Results of a three-factor dispersion analysis of the influence of the age group,
type of ventilation, and season of the year on the duration of feed and water intake of Duroc boars

Source of variance SSs df MS F P h?, %
Age (1) 35,502.9 2 17,751.4 4,986.0 <0.001 71.9

Ventilation (2) 47.0 1 47.0 13.2 <0.001 0.1
Season (3) 5,974.2 3 1,991.4 559.3 <0.001 12.1

1x2 477.2 2 238.6 67.0 <0.001 1.0

1x3 4,234.9 6 705.8 198.2 <0.001 8.6

2x3 1,275.4 3 425.1 119.4 <0.001 2.6

1x2x3 1,238.6 6 206.4 58.0 <0.001 2.5

Error 598.1 168 3.6 1.2
Total 49,348.3 192 100.0

Source: developed by the authors

As with rest and movement time, the most
significant effect on feed and water intake for
Duroc boars was observed for age group (71.9%)
and season (12.1%), while the effect of ventila-
tion type was also very low (0.1%). Among the
combinations of the second-level factors, the
highest strength of influence on the duration of
feed and water intake of Duroc boars was ob-
served for the combination “age group” x “sea-
son of the year” (8.6%).

Thus, the greatest influence on the dura-
tion of various behaviour indicators of Duroc
pigs was noted for the main factor “age group”.
Its role in determining the duration of feed and
water intake was higher than for the duration
of rest and movement. The season of the year to
the greatest extent determined the variability
of the duration of feed and water intake. The
combination of factors “age group” x “season of
the year” played an important role in shaping
the duration of all behaviour indicators of Du-
roc boars, while the combination “type of ven-
tilation” x “season of the year” was essential for
determining the length of rest and movement.
Ultimately, the combination of all three factors
under study also influenced the development
of behavioural responses of Duroc boars in
this experiment. According to A. Lopez Rodri-
guez et al. (2017), the change in the indicators
of various forms of behaviour of boars, which
is genetically determined, is influenced by the
design features of the pen, seasonal effects,

indoor microclimate, age, and especially ele-
vated temperature (heat stress), increasing to
34.5°C within 8 hours and 31°C - 16 hours daily
for 90 days provoked low movement, increased
rest, and also reduced fertility compared to a
similar group of boars kept at 23°C.

An estimate of the arithmetic mean (£95%
CI) duration of rest indicates that at the age of
6 months in boars in summer and autumn with
transverse ventilation, this indicator was high-
er with the transverse type of ventilation, and,
on the contrary, lower in winter and spring than
with the geothermal type. In general, the dura-
tion of rest increased in animals at the age of 12
and, especially, at the age of 24 months. At the
age of 12 months, the highest duration of rest
with transverse ventilation was observed during
the summer season and significantly decreased
during the autumn, spring and winter seasons,
respectively. The difference between different
seasons of the year in terms of the duration of
rest was probable and this range of off-season
variability was about 200 minutes. The type of
ventilation (geothermal or transverse) did not
affect the duration of rest only during the au-
tumn. At the age of 24 months, the probable
effect of the type of ventilation was observed
only during the summer — with transverse ven-
tilation, the duration of rest was significantly
higher than with geothermal ventilation.

An estimate of the arithmetic mean (£95%
CI) of the duration of movement indicates that
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at 6 months of age in the summer and autumn,
with transverse ventilation, this behaviour
parameter was lower, and in the winter and
spring, on the contrary, higher than with ge-
othermal ventilation. Overall, the duration of
movement decreased in animals at the age of
12 and, especially, at the age of 24 months. At
the age of 12 months, the highest duration
of movement with transverse ventilation was
observed during the winter, while this feature
took lower values during the spring, autumn,
and summer seasons, respectively. The differ-
ence between different seasons of the year in
terms of movement duration was significant
and this range was almost 160 minutes. Ul-
timately, the type of ventilation (geothermal
or transverse) had little effect on the duration
of movement only during the autumn; for the
remaining seasons, the differences between
different types of ventilation were very pro-
nounced. At the age of 24 months, the dura-
tion of boars’ movement did not depend on
the type of ventilation during the winter and
spring. While, during the summer and autumn,
their duration of movement significantly de-
creased with transverse ventilation type.
Estimates of the arithmetic mean (= 95%
CI) of the duration of feed and water intake at
the age of 6 months indicate that neither the
type of ventilation nor the season of the year af-
fected this behaviour. At the age of 12 months,
these indicators were slightly higher, and at the
age of 24 months, on the contrary, significantly
lower than at the age of 6 months. At the age
of 12 months, the highest duration of feed and
water intake with transverse ventilation was
observed during the winter, and this trait took
lower values during the spring, autumn, and
summer seasons, respectively. The difference
between seasons of the year in terms of the du-
ration of feed and water intake was significant
and its range between seasons was almost 50
minutes. The type of ventilation (geothermal
and transverse) did not affect the duration of
feed and water intake, again, only during the

Animal Science and Food Technology. 2024. Vol. 15, No. 2

autumn. At the age of 24 months, the duration
of boars’ feed and water intake with geothermal
ventilation was almost the same throughout all
seasons of the year, although it differed signif-
icantly between the winter and summer. With
transverse ventilation, the duration of feed and
water intake was almost the same. The dura-
tion of this type of behaviour of Duroc boars
was significantly lower only during the summer.
Based on the conducted experiment, models of
behaviour of boars of three breeds were estab-
lished depending on the age group, season of
the year, and type of ventilation, which in the
conditions of industrial pig breeding will in-
crease the reserves of ethological strategies to
put up performance responses, introduce meth-
ods for assessing welfare, and their integration
into production.

Conclusions
Based on the results of the experiment in the
conditions of an industrial pork production en-
terprise, behavioural patterns of boars in the
context of breeds depending on the age, season
of the year, and type of ventilation were estab-
lished. Thus, the duration of rest is significant
(P < 0.001) influenced by: in boars of the Large
White breed, 65.7% — age, 15.5% — season of
the year, 2.6% — type of ventilation; in boars of
the Landrace breed, 49.1% - age, 23.2% — sea-
son of the year, 3.0% - type of ventilation; in
boars of the Duroc breed, 67.6% — age, 10.9% —
season of the year, 0.1% - type of ventilation.
Accordingly, the duration of movement was sig-
nificant (P <0.001) affected by: in Large White
boars 68.0% — age, 12.9% - season of the year,
1.4% - type of ventilation; in Landrace boars
44.7% — age, 28.5% — season of the year, 3.2% -
type of ventilation; in Duroc boars 64.9% — age,
9.1% - season of the year, 0.5% - type of venti-
lation. In turn, the duration of feed and water
intake was significant (P<0.001) affected by: in
Large White boars 49.7% — age, 25.9% — season
of the year, 1.8% - type of ventilation; in Lan-
drace boars 55.7% — age, 7.9% - season of the
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year, 2.4% — type of ventilation; in Duroc boars
71.9% — age, 12.1% — season of the year, 0.1% —
type of ventilation.

Regardless of the breed, season of the year,
and type of ventilation, the predominant be-
havioural act in terms of duration (72.3-76.4%)
at P <0.001 and frequency (especially in the
summer-autumn period) during the day, was
rest, which increased in time with age (6-12-
24 months). During rest with the transverse air
supply system, the animals showed abnormal
apathetic behaviour, which was manifested in
lying on their sides or stomach, with their eyes
closed, without any reactions to indifferent
stimuli in the room for their maintenance, es-
pecially in hot periods of the year, which is a
manifestation of heat stress in animals. Boars,
when kept with transverse air ventilation, spent

(P<0.95), especially in the hot periods of sum-
mer and autumn.

The conducted study is useful for etholog-
ical monitoring of compliance of keeping con-
ditions with the biological needs of boars, and
for pig breeders it opens up ways to develop
strategies for identifying individuals with be-
havioural and performance abnormalities as
an element of animal welfare assessment and
a way to combat heat stress.

Prospects for further studies are to re-
search the relationship of sexual behaviour of
boars with qualitative and quantitative signs
of their sperm productivity, depending on the
breed, age, season of the year, and type of ven-
tilation.
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IToBexinKoBi maTepHu KHYpiB y po3pi3i mopiz
3aJIesKHO BiJ BiKy, Ce30HY POKY i TUITYy BEeHTHJIALIL
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AHoTauisa. BaxnMBuM iHCTpYMEHTOM MifBUILEHHS MPOLYKTUBHUX O3HAK CBUHEN, y TOMY UMCITi
KHYpPIiB € peTesibHe NOCIIIKeHHs iX Mopesieil TOBeAiHKM i peaklliii Ha BiJMOBiZHICTH yMOBaM
YTPUMAaHHS, IO CIYTYE iHAMKATOPOM IIPOTOKOIY OLiHKM GJIaronoiyyus TaHOoi CTaTeBOi IPymnu y
KoMeplLiliHux cBuHodepmax. MeTa moctify mossirana y BUSIBJIeHHI BIUIMBY BiKy, Ce30HY POKY i
TUITY BEHTWISILii HAa TPUBAIICTh TIOBEIIHKOBMX aKTiB KHYPIiB y po3pi3i mopiz 3amis popmyBaHHS
iX MoBemiHKOBMX TaTepHiB B yMOBax MPOMMCIOBOI TexHosorii. B excrepumeHTi 3agisiHo 18
KHYpiB BequKoi 6i10i mopoan, mopoau jgaHapac Ta Oopok. KHypu, Bigi6pasi oiast moctigis, 6ymu
KJIiHIYHO 30pOBMMMU i po3pineHi Ha nBi rpynu mo 9 roniB y KOXHiit. KOHTponabHA rpymna KHYpiB
yTpUMYyBasacs B IPMMillleHHi 3 TIOIIepeyHOI0 CUCTEeMOIO BeHTUIIALLT, @ TBApMHM JOCTiHOI Tpyy —
B YMOBax reoTepMasbHOI NOAAYi MOBITPS MPOTArOM pOKy. Y MpolLeci Bisyasisalii TOKa3sHUKIB
MOBeJliHKM KHYPiB pi3HMX IIOPiJ, BCTAHOBJIEHO, L]0 Ha TPUBAJIICTh BifAIOUMHKY BiporigHo (P<0,001)
BIUIMBaIOTh 49,1-67,6 % — BiK, 10,9-23,2 % — ce30H poKy, 0,1-3,0 % — TUIT BEeHTU/IALLii; HA TPUBAJIICTh
pyxy npotsrom ao6u BiporigHo (P < 0,001) BrummBaioth 44,7-68,0 % - BiKk, 9,1-28,5 % — ce3oH
poKy, 0,5-3,2 % — Tun BeHTWIAIii; HA TPUBATICTh MpuitoMy Kopmy i Boau Biporigao (P < 0,001)
BIUTMBAIOTh 49,7-71,9 % — BiK, 7,9-25,9 % — ce30H poky, 0,1-2,4 % — Tun BeHTW A1, [IoBeJiHKOBUM
aKToM, 110 TlepeBaykaB 3a TPUBAicTIO i yactoTolo (P < 0,001), 0co6/MBO Y TiITHBO-OCiIHHI Mepion y
KHYPIiB cItocTepiraBcst BiATIOUMHOK, KOTPUIA 3a YacoM 3 BikoM 36inbliyBaBcs Bif 72,3 % mo 76,4 %,
He3aJIeXXHO Bif] TOPOJiu, Ce30Hy POKY i TUITy BeHTUIALi. BiiTKy i BoceHM 3a momnepeyHoi cuctTeMu
1ofavi NOBiTPS MiJL Yac BiATIOUMHKY y TBAPMH Bidyasi3yBanacsi HEHOpMabHa arlaTUyHa MoBefliHKa
(mexxaHHsT Ha 6GOKax, JXMBOTi, i3 3aKpUTUMM oumMMa, 6e3 KOOHMX peakliii Ha iHgudepeHTHi
MTOIPa3HMUKY, @ Yac, IKVUII KHYpY BUTPavajy Ha CTePEOTUITHY ITIOBEIiHKY (OMUTTSI FOJIOBOIO, CTPUOKIB
i 06MM3yBaHHS IPAT PEIIiTKY KIiTKK) 36ibiryBaBcs Ha 3 % (P <0,95) i mepe6yBanu y 1mosi «cuassaoi
cobaku» Ha 2 % (P<0,95). OmepskaHi pe3yabTaTy TO3BOISIOTh B YMOBAaX POMMUCIOBOTO CBMHAPCTBA
3aIpPOBaIUTHX BUKOPUCTAHHS eTOJOriYHMX (aKTOPiB 3 MeTOI0 MiABMIIEHHS CIIepMOIPOAYKILii
KHYDiB, BUSIBJIEHHSI OCOOMH 3 BiIXWIEHHSMM TOBELiHKM IJII PO3POOKM CIOCOGIB OI[iHKMU
6aromnomyyysi Ta iHTerparii ix y BUpOOHUIITBO

KiiouoBi cjioBa: CBMHI; BiITIOYMHOK; pyX; MPUITOM KOpMY i Bogu; 6raromonyydst; TpubakTopHMit
IVCIIepCiiiHMIT aHaTi3
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Abstract. The relevance of the work was to determine whether the loin eye area of m. longissimus
dorsi as a criterion for evaluating the yield of high-value cuts from beef carcasses, is associated with
beef characteristics from bulls of the Ukrainian Black-and-White dairy breed. The purpose of the
study was to establish correlations between the loin eye area and the slaughter characteristics by
the chemical composition, sensory, physical and technological properties of beef. The correlation
between the cross-sectional area of the oblong muscle and slaughter indicators, the quality of
carcasses, the chemical composition, sensory, physical and technological properties of beef was
studied in the bulls of Ukrainian Black-and-White dairy breed (UBWDB) aged from 18 to 24 months.
A linear correlation was established between the loin eye area and the slaughter weight (r=0.404;
P >0.95), the amount of muscle tissue (r=0.355; P>0.95), including the highest (r=0.680; P >0.999)
and the first (r=0.501; P >0.99) grades, the content of fat tissue in the carcass (r=0.477; P >0.99).
The loin eye area correlated inversely (r=-0.607; P >0.95) with t he amount lost in boiling beef,
the amount of second-class muscle tissue (r=-0.377; P >0.95), the development of subcutaneous
fat (r=-0.395; P > 0.95), the total ash mass (r=-0.560; P >0.95), the juiciness of boiled meat
(r=-0.522; P >0.95), taste and aroma of broth (r=-0.587; P >0.95). There was a tendency for an
inverse correlation between the loin eye area and the total fat content of beef (r=-0.119), protein
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(r=-0.401), dry matter (r=-0.403), acidity (r=-0.458), muscle tissue colour (r=-0.126), conformation
(r =-0.127), penetration (r = -0.477), taste (r =-0.214) and aroma (r = -0.363) of boiled meat,
tenderness (r=-0.256), residue after chewing (r =-0.442), the thickness of broth (r=-0.207), and
to a linear correlation — with the amount of tendons and ligaments (r=0.331), marbling (r=0.162),
the colour of fat tissue on the carcass (r=0.276), transparency of the broth (r=0.180). The practical
significance of the data is to obtain knowledge that allows formulating marketing strategies for
predicting food quality, quantity of premium and first-grade beef, its technological properties and

intended use based on the correlation between the loin eye area of m. longissimus dorsi

Keywords: meat productivity;
characteristics of meat

conformation; marbling;

carcass quality traits; sensory

Introduction

To improve food quality and consumer safety,
it is important that the quantitative and qual-
itative characteristics of meat from Ukrainian
cattle meet international standards. Beef of
different cuts has different nutritional quality,
since it varies under the influence of many fac-
tors, and affects the cost of products. It is tech-
nologically difficult to determine their number
during the life of an animal. Therefore, it is
relevant to establish methods for predicting
the slaughter characteristics, chemical com-
position, physical, technological and sensory
properties of beef from animals of common
Ukrainian breeds by the area of the loin eye of
m. longissimus dorsi.

The loin eye area is the cross-section of
the oblong muscle between the 12%* and 13%
ribs, which is determined by dividing the car-
cass into quarters. As noted by A. Ugnivenko et
al. (2022), the loin eye area of m. longissimus
dorsi in cattle depends on the breed of ani-
mals. Thus, bulls of the Korean Hanvoo breed
at the age of 30 months have an average loin
eye area of 87.4 cm? (Bhuiyan et al., 2017),
and Ukrainian meat cattle aged 22 months -
133.5 cm? (Ugnivenko et al., 2022). Data on the
loin eye area of m. longissimus dorsi is used to
determine the optimal growth parameters of
dairy cattle during their rearing for meat, de-
termine the age and live weight for slaughter,

Animal Science and Food Technology. 2024. Vol. 15, No. 2

and predict the resulting beef and its belong-
ing to a certain variety through a direct con-
nection with valuable carcass cuts. A linear
positive correlation between the loin eye area
of m. longissimus dorsi and pre-slaughter live
weight and carcass weight were established
by M.S.A. Bhuiyan et al. (2017) in bulls of the
Hanvoo meat breed.

According to A. Ugnivenko et al. (2022), in
Ukrainian beef cattle, the loin eye area of m.
longissimus dorsi has a linear significant corre-
lation with slaughter weight (r=0.614; P >0.95)
and slaughter yield (r = 0.653; P > 0.95). This
indicates a better effect on the development
of muscle tissue in the carcass. Similar results
were obtained (Naserkheil et al., 2021; Piment-
el-Concepcion et al., 2024) in studies of genetic
correlations of the yield of primary cuts with
qualitative features of the carcass and it was
found that genetic correlations with the car-
cass weight and the loin eye area of m. longis-
simus dorsi were moderate to very strong; while
low, moderate, and negative correlations were
observed between primary cut characteristics
with marbling and subcutaneous fat thickness.
The relevance of these studies is also confirmed
by G. Bittante (2023), since beef quality chart-
acteristics cannot be directly measured on live
animals, unlike traits related to growth, pro-
ductivity, and disease resistance, the study of
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correlation of the loin eye area of m. longissimus
dorsi with qualitative characteristics of beef
would allow predicting its quality. Thus, with
the same weight of carcasses and the content of
fat tissue in them, an increase in the cross-sec-
tional area of the oblong muscle indicates an in-
crease in the yield of valuable cuts and a larger
weight of steaks from them, which are the most
profitable to sell. These are the features that
manufacturers and processors are interested in.

According to I. Randhawa et al. (2021), con-
sumers make their choices based on the nutri-
tional value and sensory characteristics of beef.
Therefore, A. Ugnivenko et al. (2022) deter-
mined of the relationship between the qualita-
tive characteristics of beef and the loin eye area
of m. longissimus dorsi in animals of the Ukrain-
ian meat breed. It was found that there is a ten-
dency to a weak inverse correlation (r=-0.193)
between the cross-sectional area of the oblong
muscle and the tenderness of meat, the content
of dry matter in it (r=-0.345). The depth of the
loin eye most correlates with the technological
properties of beef. Data on the correlation be-
tween the loin eye area of m. longissimus dorsi
with the qualitative characteristics of beefin an-
imals of meat breeds is not enough to interpret
dairy cattle. According to J. Soulat et al. (2022),
the management approach that allowed for the
best ratio between carcass and meat quality
was intermediate rearing over a long fatten-
ing period, with the diet mainly based on hay
and a high amount of concentrated feed. Such
conditions allowed producing carcasses with a
high conformation, smooth grain of meat, more
uniform colour, darker and tastier meat, and
low moisture content. The purpose of the study
was to establish correlation relationships be-
tween the cross-sectional area of m. longissimus
dorsi and slaughter characteristics, chemical
composition, and qualitative characteristics of
meat in bulls of the Ukrainian Black-and-White
dairy breed, which is used in Ukraine both for
the production of milk and beef.

Materials and Methods

The study was conducted on 34 bull carcasses
at the “Zhuravushka” farming enterprise (FE)
in the Brovary District, Kyiv Oblast. The an-
imals were kept in groups of 25 units from
birth to the age of 4 months. They were then
reared and fattened to slaughter at the age of
18-24 months at the fattening facility based
on their age. The farm’s feed needs were met
by its own fodder base. The bulls had free ac-
cess to roughage, juicy, green, concentrated
feed and mineral supplements, which were
fed from the self-feeders in accordance with
the developed rations. The cattle were slaugh-
tered in the slaughterhouse in Kalynivka vil-
lage following the Council Regulation (EC)
No. 1099/2009 (2009). The animals were
stunned with an electric current before exsan-
guination. Carcasses were suspended vertically
on hooks by the fusion between the calcaneus
bone and Achilles tendon. After evisceration,
the carcasses were divided into halves and
cleaned of excess fat and meat.

Carcasses were weighed and visually eval-
uated for conformation and subcutaneous fat
development in accordance with the Commis-
sion Regulation (EC) system (2009). The con-
formation of carcasses was classified on a scale
of 5 classes: from E (very high muscle devel-
opment) to P (very low muscle development).
Subcutaneous fat development was evaluated
on a scale of 5 classes: from 1 (lean) to 5 (very
fat). Next, the carcasses were sawn in half, and
the half-carcasses were cut at the level of the
12% rib. The colour of muscle and fat tissue was
determined using a 7-point scale, the marbling
of meat was determined on a 12-point scale,
and the thickness of subcutaneous fat on the
carcass was measured between the 12™ and
13™ ribs in accordance with the JMGA meth-
od (2000). The length and depth of the loin eye
were measured between the 12% and 13™ ribs
with a ruler (Fig. 1) immediately after dividing
the half-carcasses into quarters.

Animal Science and Food Technology. 2024. Vol. 15, No. 2
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Figure 1. Schematic division
of bull carcasses into zones
Notes: Length (1) and depth (2) of the loin eye,
(3) subcutaneous fat thickness
Source: compiled by the authors

Its area was calculated in accordance with
Order No. 290 “On Approval of the Instruc-
tion on Evaluation of Boars and Sows for the
Quality of Offspring in Specialised Testing Sta-
tions” (2004) (equation 1):

S=axbx0,8; eY)

where S - loin eye area, cm?; a - loin eye
length, cm; b - loin eye depth, cm; 0.8 - co-
efficient.

The penetration of raw meat was deter-
mined using an automatic penetrometer ac-
cording to the method given in the paper (Guts
& Koval, 2007). The content of bound mois-
ture was studied by the “press method” by the
amount of water that was released from the
suspension of 0.3 g of crushed meat under the
action of pressing and absorbed into the filter

paper, forming a wet spot. The total area of the
stain formed under the compressed meat and
the released moisture absorbed by the filter pa-
per was determined using a planimer. The dif-
ference between the total area of the spot and
the occupied meat determined the area of the
wet spot. The ability of meat to retain water was
investigated by the content of bound water as a
percentage of the weight of meat.

To determine the residual weight of beef
after boiling down, rectangular pieces of meat
weighing 150 g were cut out of m. longissimus
dorsi. They were weighed on a THB-600 scale
with an accuracy of 0.01 g. Next, they were
placed in a 5-litre pot and 2-3 litres of cold dis-
tilled water were poured. The water was brought
to a boil and cooked over low heat for 90 min-
utes. After cooking, the pieces were removed
from the water, cooled to 20°C and weighed.
The amount of meat lost in boiling was deter-
mined by equation (2) (Shkurin et al., 2002).

_ Cmx100
= Rm

Sm

) @)

where Sm - amount lost in boiling of meat, %;
Cm - weight of boiled down meat, g; Rm -
weight of raw meat sample, g.

The chemical composition of beef was
studied in the laboratory of the Department
of Meat, Fish and Seafood Technology of the
National University of Life and Environmental
Sciences of Ukraine (NUBiP) in accordance with
the methods described in Table 1.

Table 1. Methods for determining the chemical composition of m. longissimus dorsi in bulls

Studied indicators

Source

Total fat content

DSTU ISO 1443:2005 (2008)

Total ash weight

DSTU ISO 936:2008

Moisture content

DSTU ISO 1442:2005 (2008)

Protein

G.T. Shkurin et al. (2002)

Acidity (pH)

DSTU ISO 2917:2001 (2003)

Source: compiled by the authors

The characteristics of aroma, juiciness, ten-
derness, ease of chewing boiled beef, colour,
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taste, and strength of broth from it were deter-
mined by the tasting commission in the amount
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of 8 people in the laboratory of “Meat quality”
of the Department of Milk and Meat Production
Technologies of the NUBiP of Ukraine.

The data were processed statistically using
Microsoft Excel 2016 in combination with XL-
STAT. They were evaluated using correlation co-
efficients calculated using appropriate methods
(Osadcha, 2021). The correlation between the
loin eye area and the above-mentioned quanti-
tative and qualitative characteristics of all the
studied carcasses and separately in the meat
of 21-month-old bulls was calculated to com-
pare the results obtained. The age difference
in the group between them was up to 5%. Ani-
mal studies were conducted in accordance with
the “General ethical principles for conducting

animal experiments”, approved by the First Na-
tional Congress on Bioethics (Law of Ukraine
No. 3447-1V “On the Protection of Animals from
Cruelty”, 2006), and the provisions of the “Eu-
ropean Convention for the Protection of Verte-
brate Animals used for Experimental and other
Scientific Purposes” (1986).

Results and Discussion
In bulls aged 18 to 24 months and 21 months, a
linear significant correlation was found between
the loin eye area of m. longissimus dorsi and such
traits as pre-slaughter live weight and carcass
weight, the amount of muscle tissue, including
the highest and first grades (Table 2), which
mainly constitute the nutritional value of beef.

Table 2. Correlation coefficients between the loin eye area of m. longissimus dorsi and slaughter
characteristics and morphological composition of carcasses in bulls

Animal age at slaughter

Indicator

from 18 to 24 months (n = 34)

including on the 215 month

n=13)
Live weight after fasting 0.409* 0.650*
Carcass weight 0.404* 0.633*
Carcass yield 0.069 -0.285
Amount of muscle tissue 0.355* 0.524
including the highest grade 0.680*** 0.811%**
including first grade 0.501%*
including second grade -0.377* -0.367
Amount of fat tissue 0.477** 0.566*
Amount of tendons and ligaments 0.331 0.640*
Amount of bone tissue 0.049 0.160

Notes: *)P >0.95; **)P >0.99; ***)P >0.99
Source: compiled by the authors

A positive insignificant correlation was
established between the loin eye area and the
amount of tendons and ligaments in the car-
casses of 21-month-old bulls. As for the amount
of bone tissue in the carcasses of experimental
animals, there is no correlation.

There is also a tendency for a linear cor-
relation between the cross-section of m. long-
issimus dorsi and the contents of tendons and
ligaments in the carcass. There is practically no
correlation between the number of bones in the

carcasses of slaughtered animals and the loin
eye area. This can be explained by the fact that
the growth of muscle tissue (including m. long-
issimus dorsi an fat in the ontogenesis of cattle
proceeds relatively faster, and the skeleton -
slower, then the correlation between the area
of the studied muscle and the content of bones
is much lower. There is a reverse correlation
(P>0.95) between the cross-sectional area of m.
longissimus dorsi and the amount of second-class
beef, which has a significant amount of fat that

Animal Science and Food Technology. 2024. Vol. 15, No. 2
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is not separated from the muscles during dress-
ing. The obtained linear significant correla-
tion coefficients between the loin eye area and
quantitative characteristics of meat produc-
tivity on 21-month-old bulls better reflect the
relationship between them than in the period
from 18 to 24 months. Thus, the data obtained
by the authors confirm the results of the study
by V. Vinay-Vadillo et al. (2014), who reported
that the loin eye area of m. longissimus dorsi can
be used to predict the production of a certain
amount of muscle tissue in the carcass, includ-
ing by its belonging to the appropriate grade.

A similar relationship between the
above-mentioned indicators was established in
dairy breeds (Pogorzelska-Przybyle et al., 2014)
and meat breeds (Ugnivenko et al., 2022).
So, according to R. Pogorzelska-Przybyle et
al. (2014), linear close correlation coefficients
(r=0.80) exist between the loin eye area of m.
longissimus dorsi and the amount of muscle tis-
sue in the carcasses of Holstein cattle, includ-
ing the highest grade (r=0.69). In animals of the
Ukrainian meat breed, there is only a tendency

to a positive relationship (r =0.614) between
the cross-sectional area of the oblong muscle,
and the slaughter weight (carcass) and its out-
put (r=0.653).

The established linear significant correla-
tion between the loin eye area and the slaugh-
ter weight (carcass), the amount of muscle tis-
sue, including the highest and first grades, can
be explained by the fact that the m. longissimus
dorsi muscle is located mainly in the thoracic
and lumbar regions, which are the most valua-
ble cuts of carcass and its muscle tissue makes
up a significant share. There is a linear signifi-
cant correlation between the loin eye area and
the total amount of fat tissue in the carcass. A
similar correlation between the loin eye area of
m. longissimus dorsi and the fat content in the
carcass was also obtained by A. Oler et al. (2015).

Determining the correlation coefficients
between the qualitative characteristics of beef
carcasses evaluated in accordance with inter-
national standards, an inverse relationship was
established between the loin eye area and the
development of subcutaneous fat (Table 3).

Table 3. Correlation coefficients between the loin eye area of m. longissimus dorsi
and other qualitative features of bull carcasses

Indicator
Animal age
at slaughter ) Subcutaneous Subcutaneous . colour of c:olour of fat
conformation fat : marbling muscle tissue on the
fat thickness .
development tissue carcass
from 18 to
24 months -0.127 -0.395* -0.030 0.162 -0.126 0.276
(n=34)
including
on the 21% 0.301 -0.495 0.271 0.149 0.341 0.810%*
month
(n=13)

Notes: *)P >0.95; ***)P >0.999
Source: compiled by the authors

There was only a tendency for a linear cor-
relation between the cross-sectional area of m.
longissimus dorsi and the colour of fat tissue in
bulls from 18-24 months of age and a high cor-
relation (P >0.999) at 21 months. This can be
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explained by the significant content of feed
rich in carotene — green (28.3%), silage (9.6),
hay (8.6), haylage (4.7), and relatively small
(18.5%) — concentrated. According to A. Clin-
quart et al. (2022), in cattle that were fattened
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on concentrated feed without greens, subcuta-
neous fat had a more yellow colour. There is a
tendency for both a weak inverse correlation
in bulls aged 18 to 24 months and a linear cor-
relation (in 21-month-old animals) between
the loin eye area of m. longissimus dorsi and
the thickness of subcutaneous fat, conforma-
tion, and muscle tissue colour. From 18 to 24
months, the growth rate of the longest muscle
passes regardless of the fleshiness of carcass-
es, the thickness of subcutaneous fat, and the
colour of beef.

This indicates that m. longissimus dorsi
develops better with the worse fatness of car-
casses. A. Oler et al. (2015) also proved that in
the presence of a significant amount of sub-
cutaneous fat, the slaughter yield (carcasses)
and some of the edible parts in muscle tissue
are reduced. That is, a greater development of
subcutaneous fat on the carcass (its fatness)
inhibits the development of the loin eye area
of m. longissimus dorsi, and therefore, simulta-
neously reduces the number of valuable edible
parts in it. In addition, (Kruk et al., 2023) found
that the best development of fat tissue under
the skin does not correlate with the sensory

characteristics of boiled beef and broth from it
and water retention, penetration, and marbling.
According to the obtained data, there is a linear
weak correlation between the loin eye area of m.
longissimus dorsi and marbling of meat, which
does not guarantee its good sensory character-
istics. The marbling of beef is the main factor
determining its sensory quality (Sakowski et
al., 2022). According to T. O’Quinn et al. (2024),
no factor has a more beneficial effect on the
taste of beef than its marbling content.

In the study, there is no correlation be-
tween a certain loin eye area and the rate of
water loss (Table 4). The water-binding capac-
ity is influenced by glycolysis metabolism. It
is closely related to the juiciness of beef. The
lack of correlation between the loin eye area
and the water-binding ability of beef affects its
further technological processing, and the yield
of the product made from it, which is impor-
tant in cattle breeding, since the preservation
of more meat during its preparation (boiling
down) is an important feature. So, the tech-
nological feature of beef - boiling down - in-
versely correlates with the loin eye area, which
indicates an increase in waste during cooking.

Table 4. Correlation coefficients between the loin eye area
of m. longissimus dorsi and technological features of beef in bulls

Indicator

Animal age at slaughter

water binding capacity boiling down penetration
from 18 to 24 months (n=15) 0.096 -0.607* -0.477
including on the 21t month (n=13) 0.015 -0.612* -0.446

Notes: *)P>0.95
Source: compiled by the authors

Therefore, the cross-sectional area of m.
longissimus dorsi can be used as an indicator of
boiling down of beef from bulls of the Ukrainian
Black-and-White dairy breed, since it correlates
with it inversely and significantly. The correla-
tion coefficients between the cross-sectional
area of m. longissimus dorsi and its penetration

stress were average and inverse. With an in-
crease in the loin eye area of m. longissimus dor-
si in beef, the content of the main elements of
its chemical composition decreased (Table 5).
That is, evaluating carcasses for this trait does
not imply an increase in important nutrients
for human health.
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Table 5. Correlation coefficients between the loin eye area
of m. longissimus dorsi and the chemical composition of beef

Indicator
Animal age at slaughter moisture total fat total ash
Acidity @H) " 1opne  drymatter  protein content weight
from lg(rtl‘izé)momhs -0.458 -0.086 -0.403 -0.401 0.119 -0.389
including on the 21+ -0.420 0.518 -0.519 -0.527 -0.245 -0.534

month (n=13)

Notes: *)P >0.95
Source: compiled by the authors

The correlation between the loin eye area
and acidity, the amount of dry matter, protein
content, and total ash weight is inverse and
average, and between the loin eye area and the
total fat content — weak. A trend towards an
inverse correlation between the loin eye area
of m. longissimus dorsi and the acidity of beef
indicates that in meat with a larger cross-sec-
tion of the loin eye, the pH decreases faster to
normal (<5.8) and receives microbial stability
earlier. Sensory evaluation of the juiciness,
tenderness, taste, and aroma of boiled meat
determined its acceptability for the consumer.
By analysing the sensory properties, a detailed
description of how boiled beef and its broth are
perceived by the human senses was provided.

However, G.A. Ferreira et al. (2024) con-
ducted a study in Brazil to assess the percep-

tion of beef with different pH values. It was
found that beef consumers do not devalue
steaks in terms of its freshness even at pH>6.0.
The chemical composition of beef depends on
the type of breed productivity, the age of an-
imals at slaughter (Hoa et al., 2022), type of
muscle and fat tissue (Vazquez-Mosquera et
al., 2023). The results of evaluating the sen-
sory characteristics of boiled meat conducted
by a group of tasters from 8 people are shown
in Table 6. In bulls aged from 18 to 24 months,
an inverse significant correlation was estab-
lished between the loin eye area of m. longis-
simus dorsi and the juiciness of beef. The cor-
relation between the cross-sectional area of
the muscle and the taste, aroma, tenderness,
and residue after chewing cooked meat was
reverse and weak.

Table 6. Correlation coefficients between the loin eye area
of m. longissimus dorsi and sensory properties of beef

Sensory characteristics of cooked meat

Animal age
at slaughter . . . residue after average values for 5
juiciness taste aroma tenderness chewing tasting indicators
from18to24 4 5)0. -0.214 -0.363 -0.256 -0.442 -0.371
months (n=15)
including on
the 21t month -0.457 -0.072 -0.176 -0.092 -0.275 -0.210
(n=13)

Notes: *)P > 0.95
Source: compiled by the authors

An inverse significant correlation between

the sensory properties of beef and muscle tissue
growth was established by I. Albechaalany et
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al. (2024). A number of factors had a negative
impact on the results of the tasters’ evalu-
ation of boiled beef from the loin eye area of
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m. longissimus dorsi. The main reason for the in-
verse relationship between the development of
the loin eye area of m. longissimus dorsi and the
sensory properties of beef is the weak inverse
correlation between this trait and the total fat
content in muscle tissue, and the direct cor-
relation with the marbling of meat. According
to A. Listrat et al. (2020), juiciness, which has a
positive effect on the quality of beef consump-
tion and which in the mouth is characterised by
the amount of juice during chewing, also closely
correlates with the fat content inside muscles.
Increasing the area of the loin eye of m. longissi-
mus dorsi partially contributes to the reduction
of a valuable technological property — the ten-
derness of meat. Optimal distribution of total

fat content inside muscle tissue can improve
the tenderness of beef. V. Bulgaru et al. (2022)
found that tenderness is significantly affected
by the content of soluble proteins, fats, and col-
lagen. Increase in the diameter of muscle fibres,
due to which the loin eye area of m. longissimus
dorsi increases, can be one of the main reasons
for the deterioration of beef tenderness.
Results of the studied correlation coeffi-
cients between the loin eye area of m. longissi-
mus dorsi in bulls and the signs of tasting beef
broth are presented in Table 7. The linear posi-
tive correlation (r=0.587; P >0.95) between the
loin eye area and the taste and aroma of broth
was affected by feeding the bulls a significant
amount of green, coarse, and juicy feed.

Table 7. Correlation coefficients between the loin eye area
of m. longissimus dorsi and sensory characteristics of beef broth in bulls

Animal age at

Broth tasting indicators

slaughter taste and aroma strength transparency average values
from 18 to 24 «
months (n = 15) 0.587 -0.207 0.180 -0.057
including on the 21* 0.594* 0161 0.215 0.018

month (n = 13)

Notes: *P > 0.99
Source: compiled by the authors

There is a tendency for a relatively weak
inverse correlation between the loin eye area
of m. longissimus dorsi and the strength of the
broth. The inverse relationship between the
loin eye area and the strength of the broth was
conditioned by the fact that with a decrease in
the content of dry matter, protein, total fat, and
total ash in the muscles, fat diffuses less from
the endomysium and pericardium cells into the
boiled water, and less proteins, extractives, and
mineral salts are transferred to the broth.

Thus, the qualitative trait of carcasses —
the loin eye area of m. longissimus dorsi in
bulls of the Ukrainian Black-and-White dairy
breed aged 18 to 24 months - is directly cor-
related with the slaughter characteristics, the
weight of muscle tissue, including the highest
and first grades, and the weight of fat tissue in

the carcass. There is a tendency to worsen the
chemical composition of muscle tissue with an
increase in the size of the loin eye. The bone
content in animal carcasses did not correlate
with the cross-sectional area of the long back
muscle. Assessing correlation coefficients be-
tween the lin eye area of m. longissimus dorsi
with the qualitative characteristics of beef car-
casses evaluated in accordance with interna-
tional standards, there is a tendency for both
weak inverse and linear relationships with their
conformation, the development of subcutane-
ous fat and its thickness, colour and marbling of
muscle tissue. Comparison of results with data
from literature sources on correlations between
the loin eye area of m. longissimus dorsi and the
animal slaughter indicators, technological and
sensory properties of meat from animals of
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different breeds in most cases coincide. This
indicates the possibility of using this method
to predict the composition of carcasses and the
sensory and technological properties of beef.

Among the characteristics of carcasses, an
increase in the loin eye area of m. longissimus
dorsi indicates only an increase in quantitative
characteristics of muscle tissue yield in cuts,
including those of the highest and first grades.
It has no correlation with the moisture reten-
tion capacity of meat, which determines the
technological quality of many meat products
during thermal (boiling) processing.

Since the loin eye area of m. longissimus
dorsi has a linear correlation with the quantita-
tive characteristics of beef, rather than senso-
ry characteristics that depend on the chemical
composition, including the content of total fat
in the middle of the muscle, in many countries
of the world, the loin eye area is supplemented
by the severity of meat marbling when assess-
ing the quality of cattle carcasses. Thus, beef
marbling is determined in the carcass qual-
ity assessment systems of the USDA (2001),
JMGA (2000) and MSA (2015). In Ukraine, the
demand for low-fat and biologically complete
beef is growing. Such meat in the required
amount is obtained from animals of the Ukrain-
ian Black-and-White dairy breed. The biological
feature of this cattle is that the beef from it is
lean. At the age of 21 months, bulls of this breed
have a mid-muscle fat content of only 2.6%.
The curved relationships between meat tender-
ness, juiciness, taste, and muscle fat scores are
aligned with its content of 15 to 17% (Thomp-
son, 2004). Such cattle respond to satisfactory
feeding with a significant growth of muscle
tissue and late accumulation of fat. Since the
quality characteristics of carcasses compared
to beef quality are more sensitive to changes
in animal husbandry management, J. Soulat et
al. (2022) suggest that the same quality of car-
casses or meat can be achieved under different
conditions of keeping. According to R. Leight-
on et al. (2023), relying solely on their estimates
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by trained individuals may provide limited
insight. Therefore, the findings of these re-
searchers indicate that it is possible to manage
the quality of carcass and beef using various
methods of breeding, feeding, and housing. For
Ukraine, it is currently important to develop
ways to simultaneously improve the quantita-
tive and qualitative characteristics of beef from
animals of common breeds in the country.

Conclusions

Development of the loin eye area of m. longis-
simus dorsi in Ukrainian Black-and-White bulls
aged from 18 to 24 months does not allow pre-
dicting the content of only quantitative char-
acteristics in beef: slaughter weight (carcass),
number of cuts of the highest and first grades,
the content of fat tissue and tendons and liga-
ments in the carcass, but not qualitative char-
acteristics, including sensory and physical
characteristics, chemical composition of meat.

There is a direct correlation between the
loin eye area and the pre-slaughter live weight
of animals (r=0.409; P > 0.95), the slaughter
weight (r=0.404; P>0.95), the amount of muscle
tissue (r=0.355; P >0.95), including the high-
est (r=0.680; P >0.999) and the first (r=0.501;
P >0.99) grades, the content of fat tissue in the
carcass (r=0.477; P >0.99); the data obtained
confirm the possibility of using the cross-sec-
tional area of the transverse muscle to predict
the production of beef of a certain variety. The
loin eye area of m. longissimus dorsi correlates
inversely (r=-0.607; P >0.95) with the amount
lost when boiling beef, an important technolog-
ical indicator, the amount of second-class mus-
cle tissue (r=-0.377; P>0.95), the development
of subcutaneous fat (r=-0.395; P >0.95), which
protects the carcass from the penetration of
pathogenic microflora, weathering and drying,
affects the juiciness and tenderness of beef, the
total weight of ash (r=-0.560; P > 0.95), juici-
ness of boiled meat (r=-0.522; P >0.95), taste
and aroma of broth (r=-0.587; P >0.95). There
is a tendency for an inverse correlation between
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the loin eye area and the total fat content in
beef (r=-0.119), protein (r=-0.401), dry matter
(r=-0.403), acidity (r=-0.458), colour of muscle
tissue (r=-0.126), conformation (fleshiness) of
carcasses (r =-0.127), penetration (r=-0.477),
taste of cooked meat (r =-0.214), its aroma
(r = -0.363), tenderness (r =-0.256), the resi-
due after chewing (r =-0.442), the strength of
the broth (r=-0.207), and to a linear relation-
ship — the amount of tendons and ligaments
(r=0.331), marbling (r=0.162), colour of fat tis-

factors for raising and fattening animals of
other breeds of cattle common in Ukraine, the
correlation between the loin eye area of m. lon-
gissimus dorsi and quantitative and qualitative
characteristics of beef, and to substantiate the
qualitative characteristics of carcasses that
would be combined with sensory, physical and
technological properties evaluated with the
participation of consumers.
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Il;omma «M’s130B0T0 Biuka» OyraiiiB
YKPpalHCHKOT YOPHO-PSA00T MOJIOYHOT IOPOAH
Ta il B3a€EMO3B’A30K 3 03HAKAaMH SIJIOBUYHHU

Onbra Kpyk

Kangupar cibChbKOrOCIIOfapChKUX HAYK

HarionanpHmii yHiBepcuTeT 6iopecypcis i mpupomokopmcTyBaHHS YRpainm
03041, Byn. l'epoiB O6oponnu, 15, M. Kuis, Ykpaina
https://orcid.org/0000-0001-9975-8994

AHaTonili YrHiBeHKO

JITOKTOp CiTbChKOTOCIIONAPChKIUX HAYK, TTpodecop

HarionanpHuit yHiBepcuTeT 6iopecypcis i mpupomokopmcTyBaHHs YKpaiHu
03041, Byn. l'epoiB O6oponn, 15, m. Kuis, Ykpaina
https://orcid.org/0000-0001-6278-8399

AHoTaisg. AKTyaJbHICTh po6OTH TIONSITANIa Y HEOOXiMHOCTI BM3HAUEHHS, UM TUIONIA «M SI30BOTO
Biuka» m. longissimus dorsi, IK KpUTepiit OLiHIOBaHHST BUXOMY BMCOKOI[iIHHMX BiIpy6iB 3 SITOBMUMX
TYLI TOB’SI3aHMI i3 O3HaKaMM SUIOBMUMHM Bif OyraiiiB ykpaiHCbKOi YOPHO-PsI60i MOMOYHOI
ropoau. MeTolo AOCTiIKEHHSI 6y/I0 BCTAHOBUTM KOpeJsii MiX IUIOIIEe «M’SI30BOTO BiuKa» Ta
O3HaKaMM 336010 XiMiYHMM CK/IaJIOM, CEHCOPHUMM i (i3MKO-TEXHOTOTIUHMMU BJIACTUBOCTSIMU
sUToBMUMHM. Y GyraifiliB yKpaiHChbKOi 4OpHO-psi60i MonouHoi mopomu (YUMII) Bikom Bim 18
o 24 MicsiliB JOCIAMIM KOpensiilo MiX IJIOLel0 IOIMepeyHOro Iepepi3y ITpoJoBryBaTOro
M’si3a Ta O3HaKaMy 3a00l0, SKOCTi Tyll, XiMiYHMM CKIaJOM, CEHCOPHMMM, Gi3MUHUMMU Ta
TEXHOJOTiYHMMM BJIACTUBOCTSIMU SUIOBUUYMHU. YCTAHOBJIEHO TIPSIMOJIHIVHY KOpeJsIil0o MiX
TIJIOIIEI0 «M’SI30BOTO Biuka» i 3a6iitHoi0 Macoio (r=0,404; P >0,95), KifbKicTio M’130BO1 TKAHUHU
(r=0,355; P>0,95), y 1. u. Bummoro (r=0,680; P >0,999) Ta nmepmoro (r=0,501; P >0,99) copris,
BMiCTOM >XMpoBOi TKaHuuM y Tymi (r=0,477; P >0,99). Inoma «M’s130BOro BiuKa» KOpeaoBaza
3BOPOTHBO (r=-0,607; P>0,95) 3 yBaploBaHHIM SUIOBUUMHU, KiJTbKIiCTIO M’130BOi TKAHUHM IPYTOTO
copty (r=-0,377; P >0,95), po3BUTKOM >KuUpY-TIoauBy (r =-0,395; P >0,95), 3araJibHOI0 Macoio
3omu (r=-0,560; P >0,95), cokoBuUTicTI0 BapeHoro m'sca (r=-0,522; P>0,95), cmakom i apomaTom
6ynbitony (r=-0,587; P >0,95). [IposiBnsuiacsl TeHAEHIIiSI O 3BOPOTHBOI KOPEJISIii MiX IUIOIIEI0
«M’SI30BOTO Biuka» Ta 3arajJibHUM BMiCTOM XUpY Y sioBMuMHI (r =-0,119), npoteiny (r=-0,401),
cyxoi peuoBuHU (r =-0,403), KUCIOTHICTIO (1 =-0,458), KOMLOPOM M’5130BOi TKaHUHU (r =-0,126),
KoHpopmatiieto (r=-0,127), meHerpaiiieio (r=-0,477), cmakoMm (r=-0,214) i apomatom (r=-0,363)
BapeHoro m’sca, HixkHicTio (r =-0,256), 3aJMIIKOM ITiClsT PO3kKOBYBaHHS (r=-0,442), MilHiCTIO
6ymbitony (r=-0,207), Ta 10 IPSIMOJTiHiTHOTO 3B’13KY — i3 KiJIbKiCTIO CYXOXKMJIOK i 3B’130K (r=0,331),
MapMypoBicTio (r=0,162), KOIbOPOM KMPOBOi TKAHWHY Ha Ty (r=0,276), TPO30PicTIO GYIbIIOHY
(r=0,180). [TpakTHUHe 3HAUEHHS JaHMX ITOJISITA€ B OTPUMaHHI 3HaHb, SIKi JO3BOJSIIOTh HopmMyBaTH
MapKeTMHTOBI CTpaTerii MPOTHO3YBaHHS SIKOCTi IMPOAYKTIB Xap4yyBaHHS, KiJIbKOCTi SJIOBUYMHU
BMILIOTO Ta MEPILOro COPTiB, ii TEXHONOriUHi BIaCTUBOCTI i MIpM3HAUEHHS JI1 BUKOPUCTAHHS 3a
ypaxyBaHHSI KOpeISIiifHMX 3B’I3KiB MiX IJIOIIEI0 «M SI30BOTO Biuka» m. longissimus dorsi

KniouoBi cimoBa: M’sSiCHa MPOAYKTUBHICTb; KOH(GOpMAILisl; MapMypOBiCTb; SIKICHI O3HaKM TYIII;
CEHCOPHi XapaKTePUCTUKM M’sIca
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Abstract. Pollution of water bodies with heavy metals can lead to the death of fish and other aquatic
organisms, a decrease in biodiversity and a threat to ecosystems, emphasising the importance
of preserving the natural environment; pollution of water bodies can have serious economic
consequences, in particular, a decrease in profits from fishing, tourism, and other activities related
to water use, which requires the development of water management strategies. The purpose of the
study was to determine the general trends in the content of heavy metals in the surface waters
of the Teteriv River and fattening pond No. 1 of the LLC “SHF INTERRYBHOSP”. Water samples
were taken at the stream of the Teteriv River (Vidsichne Reservoir) and in the fattening pond No. 1
at a depth of 0.2-0.5 m from the surface for further laboratory analysis of the content of heavy
metal ions (HM). The atomic absorption method of analysis was used to study water. Laboratory
studies of surface waters in the Teteriv River and pond were performed according to the following
indicators: hydrogen index (pH), lead, cadmium, manganese, zinc, and iron content. The results
of the study of the content of heavy metals in the Teteriv River are presented, which showed that
the content of such heavy metals as: Pb, Cd, Mn, Zn and Fe, in river water, with the exception of
iron, exceed the limits of maximum admissible values of water quality indicators for fishery water
bodies. Background HM indicators from fattening pond No. 1 did not show an excess of the MAC
(maximum admissible concentration). High concentrations of lead, cadmium, manganese, and
iron are explained by powerful anthropogenic pollution, the source of which is agricultural and
industrial complexes of Zhytomyr Oblast. The results can be used to establish effective monitoring
of water quality in reservoirs and develop strategies to reduce pollution in aquatic ecosystems

Keywords: water environment; aquatic organisms; background indicators; pollution; rivers

Introduction

Rivers perform various ecological functions,
such as water transport, ecotourism, aquacul-
ture, and influence the restoration of ecological
balance (Ali et al., 2022). The studies by V. Agha-
dadashi et al. (2019), L.M. Cai et al. (2019) and
M. Hossain et al. (2020) found that heavy metals
(HM) such as lead, cadmium, mercury, chromi-
um, nickel, etc., can accumulate in biological
systems and be toxic even at low concentrations.
Heavy metals pose a serious environmental
threat to living organisms and aquatic ecosys-
tems due to their inability to decompose, bioac-
cumulate, environmental stability, persistence,
and biotoxicity. According to Y. He et al. (2019),
HMs affect the physical and chemical proper-
ties of sediment and water, inhibiting microbial
activity after release from the source. The study
by M. Lian et al. (2019) indicates that HMs are
harmful to the ecological environment through
the food chain and have acute and chronic

Animal Science and Food Technology. 2024. Vol. 15, No. 2

effects on the human body. Studies conduct-
ed by M.]. Kang et al. (2019) and H.E. Nour et
al. (2019) confirm that HMs that do not de-
compose accumulate and remain in surface
sediments for a long time, causing numerous
diseases and complications in the human body.

Natural activities (e.g. geological weather-
ing, precipitation, wave erosion, wind and bi-
oturbation) and anthropogenic activities (e.g.
rapid industrialisation, urbanisation, and agri-
cultural runoff) play a key role in the spread
of HMs in aquatic ecosystems such as rivers.
In addition, human activity, which can cause
industrial emissions, household waste genera-
tion, and extensive use of chemical fertilisers
and pesticides, contributes to the accumula-
tion and deposition of HMs in the surface sed-
iments of aquatic ecosystems — this was con-
firmed by P.K. Lee et al. (2019), J. Rinklebe et
al. (2019). Water quality is negatively affected
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by HMs entering the water column, and surface
sediments that change environmental parame-
ters such as pH, temperature, salinity, etc.

The use of water resources is usually ac-
companied by a deterioration in their quality
due to anthropogenic stress. This is mani-
fested not only in changes in the physical and
chemical composition of waters, but also in
the quantitative and qualitative characteris-
tics of aquatic organisms inhabiting reservoirs
and watercourses. Rivers experience different
anthropogenic loads depending on econom-
ic activity in the regions. This can include ex-
hausting water abstraction for the needs of
the population and households, discharge of
wastewater from enterprises and housing and
communal services, use of rivers as navigable
arteries, construction of hydraulic engineering
structures, etc. (Mosiienko, 2022a).

Considering the described events, the rele-
vance of assessing the content of heavy metals
in the surface waters of the Teteriv River is con-
firmed. The discharge of untreated wastewater
containing heavy metals into the Teteriv River
channel results in the saturation of water envi-
ronment and aquatic life with toxic substanc-
es. The harmful effects of toxic HMs cover not
only water, but also aquatic organisms and peo-
ple who constantly use water and fish for food.
Therefore, practical studies were conducted in
the context of assessing the content of heavy
metals in water and their impact on aquaculture.

Materials and Methods

The study was conducted in 2023, the water
temperature of the Teteriv River at the time of
sampling was +18°C, and the hydrogen index
(pH) — 7.70 units. The water temperature from
the pond was +16°C, the hydrogen index (pH) —
7.38 units. The object of the study was the sur-
face waters of the Teteriv River and the surface
waters of the fattening pond No. 1.

Water sampling was carried out accord-
ing to the generally accepted method (Ar-
san et al., 2006). Samples were collected at the

stream of the Teteriv River (Vidsichne Reser-
voir), 2.5 km downstream of Zhytomyr, and in
the fattening pond No. 1. Random elements
(the surface layer of water with random pol-
lutants) were excluded during the selection
process. Samples were taken below the surface
layers (0.2-0.5 m) using a wide-mouth beaker
with a rod. The volume of the water sample was
2 litres. The main sample was taken in plastic
bottles. The main condition for taking water
samples was clean dishes. The dishes were
thoroughly washed in advance with a chromi-
um mixture (0.3 n solution of potassium bi-
chromate in concentrated sulphuric acid) and
rinsed with tap water, after which they were
washed at least three times with distilled water
and dried in a drying cabinet. The same applied
to plugs. Before taking the sample, the dishes
were rinsed several times with water that was
taken for analysis. Each water sample was la-
belled with the place, time, depth, sampling
horizon, temperature, and the name of the per-
son who took the sample.

The research was conducted in the Meas-
urement Laboratory of the Educational and Sci-
entific Centre for Ecology and Environmental
Protection, located at the Polissia National Uni-
versity. Laboratory studies of surface waters in
the Teteriv River were performed according to
the following indicators: hydrogen index (pH),
lead, cadmium, manganese, zinc, and iron con-
tent. A portable DLS-02 pH meter was used
to determine the hydrogen index (ph). Before
measuring, the electrode was first washed with
distilled water, and then with test water, and
only then immersed in the sample. Before im-
mersion of the electrode, a sample of water was
mixed so that its composition on the surface of
the electrode corresponded to the general com-
position. In addition, a WSD-12 thermometer
was immersed in the sample together with the
electrodes to measure the temperature.

Samples were analysed for heavy met-
al content in accordance with the methods
(Pupyshev, 2014) using atomic absorption

Animal Science and Food Technology. 2024. Vol. 15, No. 2
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spectrophotometry (AAS) on the C-115M1 in-
strument. The atomic absorption method was
used for water analysis, as this method has a
high sensitivity of element determination, al-
lows conducting an analysis with a high salt con-
tent, can be used in the emission mode, is high-
ly reliable, has an automatic gas system, a light
optical system, displays information on a digi-
tal indicator in units of optical density or con-
centration, and has electrothermal atomisation
at a speed of 3-4 minutes. Statistical data anal-
ysis and chart generation were performed in the
Statistica and Microsoft Excel software suites.

Results and Discussion
The Teteriv River, a right-bank tributary of the
Dnipro, stretches for 365 km and has a water
intake area of 15,100 km?. Its water regime
mainly depends on meltwater, which leads to
high spring floods and low summer-autumn
low water, which are often disturbed by short-
term rain floods. Geographically, the Teteriv
basin is located on the territory of the Ukraini-
an Shield and its slope, which extends into the
Dnipro-Donetsk depression. This led to a high-
er hypsometric position of the river in compar-
ison with other areas of the Ukrainian Polissia,
and to the appearance of narrow and deeply
embedded river valleys and a small number of
swamps (only 4.5% of the total area of the river

basin). The soil cover of the basin includes
northern chernozems in the upper reaches and
podzolic soils in the middle and lower reaches
(Kuzminchuk & Shcherback, 2004).

Many studies have been conducted on
anthropogenic contamination of river waters
with both biogenic elements and surfactants
(synthetic surfactants), pesticides, etc. Most
of these studies were directly related to basins
of big (for example, Dnipro, Dnister) (Strokal
& Kovpak, 2021; Skyba et al., 2023), small
(Bosak et al., 2020; Nahaieva et al., 2020), and
medium-sized rivers in various regions (Loboda
& Kuza, 2023; Ukhan & Osadcha, 2023). Howev-
er, the topic of analysing water pollution in the
Zhytomyr Oblast remained rather neglected.

The analysis of the surface waters of the
Teteriv River revealed that the background
values of HMs were either at the MAC level or
above the admissible values (Fig. 1). Lead and
its compounds are essential components of sur-
face waters and significantly affect their quality
and functioning (Makarenko et al., 2021). Many
of these compounds are known for their muta-
genic and carcinogenic properties. Lead enters
rivers through wastewater from metallurgical
and chemical enterprises, and as a result of
coal burning, which was confirmed by M. Clar-
holm & U. Skyllberg, (2013), A.M. Iordache et
al. (2022); K. Mashkova et al. (2022).

0.1
Fe, mg/l [ e 0.1

Zn, Mg/l s 0.01

Mn, Mg/l s 0.01

0.007
Cd, mg/l g 6,005

0.03

ey 0.1

0 0.02 0.04
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Teteriv 0.0997 0.007
mMAC 0.1 0.005
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0.03 0.0651 0.1
0.01 0.01 0.1

Figure 1. Comparison of HM concentrations in the water
of the Teteriv River (Vidsichne Reservoir) with the MAC

Source: developed by the author
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Based on the results of research, it can be
noted that the background indicator of lead in
the surface waters of the Teteriv River, which
affects the activity of certain enzymes and in-
tercellular communication in aquatic organ-
isms, corresponded to the MAC and amounted
to 0.0997 mg/1.

Cadmium in nature is mainly found in zinc
and lead ores. It often enters water bodies as
part of industrial wastewater from lead-zinc
plants, chemical industry enterprises, ore pro-
cessing facilities and metallurgical plants. The
cadmium content did not significantly exceed
the maximum admissible concentration of
0.007 mg/1, but this poses risks for structural
and functional changes in the gills, intestines,
liver and kidneys, stagnation and swelling of
blood vessels in fish.

Manganese is one of the biologically ac-
tive metals involved in the reactions of wa-
ter photolysis and photosynthesis. The most
common sources of manganese in a water
body are iron and manganese ores, wastewater
from metallurgical plants, water discharged
from chemical plants, and mine water. In ad-
dition, one of the sources of manganese in-
take is organic residues that remain after the
death of aquatic organisms and higher aquat-
ic plants (Makarenko et al., 2021; Mashkova et
al., 2022). Excess of manganese — 0.03 mg/1
according to the results of laboratory tests,
can affect the haematopoietic organs, which
negatively affects the haemolytic parameters
of fish blood.

Zinc, in terms of concentration in surface
fresh waters, ranks second after manganese.
The main source of zinc intake in water bod-
ies are the processes of rock destruction. Since
zinc is a biogenic metal, it is actively absorbed
by aquatic plants and participates in photo-
synthesis. Zinc is a vital metal, but it can be
toxic to fish, causing structural damage that
affects growth, development, behaviour, and
survival, as noted by O. Prokopchuk & V. Hru-
binko (2016) and A. Makarenko et al. (2021).

The content of zinc exceeded the maximum
admissible concentration and amounted to
0.0651 mg/l, its intake in the Teteriv River
could have occurred as a result of untreated
wastewater from a pulp and paper mill and a
cardboard factory. The accumulation of zinc,
unlike other metals, is associated with its geo-
chemical mobility.

Iron is one of the most common elements,
but its concentration in natural waters is ex-
tremely low due to its limited migration ca-
pacity. It plays an important role in the vital
activity of aquatic organisms and is largely
absorbed by them. Iron deficiency can cause a
number of diseases or even lead to death. Iron
mainly comes from agricultural complexes lo-
cated near the river, namely through drains
(Rabcheniuk, 2016). The background iron in-
dex corresponded to the MAC of 0.1 mg/l, but
was at the limit, which makes water of little
use for the life of aquatic organisms. The re-
sults of the study confirm the assumption
about the unsatisfactory state of water in the
Teteriv River, and as a result, its harmful effect
on aquatic organisms.

According to the results of laboratory
studies, the background indicators of lead,
cadmium, manganese, zinc, and iron in the
water from fattening pond No. 1 did not ex-
ceed the maximum admissible concentration
(MACQ), in contrast to the background HM in-
dicators in the Teteriv River. The maximum
admissible concentration of heavy metals in
fattening pond No. 1 indicates compliance
with the technological requirements of ponds
(Fig. 2).The analysis of the obtained concen-
trations of heavy metals in the reservoir shows
that the content of some of them in the Teteriv
River exceeded the MAC, which caused a viola-
tion of the ecological balance. After analysing
the literature sources, it can be concluded that
insufficient attention has been paid to studies
of the content of heavy metals in the reser-
voirs of the Zhytomyr Oblast. There are frag-
mentary data from similar studies.
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Figure 2. Comparison of HM concentrations in water from the fattening pond No. 1 with MAC

Source: developed by the authors

The research was conducted during the pe-
riod from 2006 to 2011 on the territory of the
Polissia part of the Zhytomyr Oblast. The object
of the study was the water of 13 small rivers. In
the rivers of Zhytomyr Polissia, which mainly
flow within the Ukrainian Shield, the water dur-
ing the summer-autumn low-water period con-
tained small concentrations of heavy metals,
such as copper (Cu), cadmium (Cd), lead (Pb),
zinc (Zn), Cobalt (Co), and nickel (Ni). Howev-
er, there is an exception for manganese (Mn)
and iron (Fe), whose concentrations exceed the
maximum admissible values by 1.2-6.8 times
and 1.5-12.3 times, respectively. This is condi-
tioned by natural factors, such as the conver-
sion of primary minerals to secondary ones,
which leads to the release of iron and manga-
nese compounds. In addition, iron and man-
ganese can be washed out of iron-manganese
nodules, which are often contained in the ilu-
vial horizon of sod-podzolic soils in the study
area, which was established by T.M. Myslyva &
I.S. Kot (2011). The highest content of manga-
nese, namely 0.63-0.68 mg/dm?®, was observed
in the Zlobych and Irshytsya rivers. As for iron,
the highest values, namely 2.12-3.71 mg/dm?,
were recorded in the Zheriv and Zlobych rivers.

In Korostyshiv District, the main water pol-
luters of the Teteriv River are the Korostyshiv
Municipal Utility Company “Vodokanal”, which
discharged 353.9 thousand m3 of wastewater

Animal Science and Food Technology. 2024. Vol. 15, No. 2

into water bodies in excess of the MAC, and
the Korostyshiv Distillery. General and specif-
ic indicators were selected to assess the water
quality of the Teteriv River. The research was
conducted during 2010-2013. It was found that
the manganese content significantly exceeded
the norm. The highest value of this indicator
was recorded in 2013, which was 0.068 mg/
dms3. The lowest rates were recorded in 2012,
which amounted to 0.022 mg/dm?3. The study
by N.S. Bordiug & L.M. Kostrytsia (2014) found
that the iron content in the water of the Teteriv
River in the Korostyshiv District exceeded the
established MAC, which is a consequence of
anthropogenic impact. In 2010, the highest
concentration of it was detected, which was
0.47 mg/dm?. It was found that in 2012, its con-
tent sharply decreased to the lowest value for
the entire study period — 0.3 mg/dm?.

When conducting studies of the Teteriv
River within the Radomyshl District of Zhyto-
myr Oblast from 2006 to 2015, a sharp increase
in the concentration of manganese was detect-
ed, in particular in 2014 and 2015, when its con-
tent in water was 7.3 and 8.8, compared to this,
in 2008 the lowest value was observed, only 1.4
in MAC units. As for iron, the maximum content
in general was recorded in 2008, when the indi-
cator was 4.9 in MAC units. Instead, the lowest
values were recorded in 2007 and 2015, when
iron concentrations were 3.1 and 3.6 in MAC
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units, respectively, as established by G.M. Mar-
teniuk (2013). According to the data obtained,
the concentration of manganese and iron in
the rivers of Polissia exceeds the maximum
admissible concentration by 2-12 times and
2-10 times, respectively.

In 2021, the Teteriv River, which is a source
of water supply for Zhytomyr Oblast, experi-
enced an eco-disaster due to extremely low
precipitation, which led to a critical drop in the
water level. Residents have about 1-1.5 months
of water supply left. Over the past two years, the
Teteriv River has been suffering from a large
amount of untreated sewage entering it. Zhy-
tomyr Oblast has a significant industrial and
agricultural complex, which are often sources
of pollution of water bodies, in particular the
Teteriv River. According to the ecological certif-
icate, there are 11 enterprises in the Zhytomyr
Oblast that are the most polluting and have a
negative impact on the region’s water resourc-
es (Mosiienko, 2022). Zhytomyr Thermal Insu-
lation Plant, Zhytomyr Cardboard Factory, PJSC
Beer-Non-Alcoholic Plant “Radomyshl”, PJSC
“Bio Med Sklo”, LLC “Cersanit Invest”, PJSC
“Ushitsky Construction Materials Plant”, PJSC
“Pershotravensk Electrotechnical Porcelain
Plant” and other facilities are environmentally
hazardous and can cause pollution of water ba-
sins in this region.

In 2021, the amount of conditionally clean
non-treated return water discharged increased
by 3.2% compared to 2020. The municipal en-
terprise of Zhytomyr in 2021 and in 2022 more
than once discharged untreated wastewater
from a sewage pumping station containing ex-
cess MAC of heavy metals in surface, return,
and wastewater. As a result of the discharge in
2021, almost 120,000 m3 of untreated waste-
water entered the river basins of the Zhytomyr
Oblast, which led to massive fish death, with
more than 15,000 fish specimens dying. The
water contained 4 times the normal amount of
lead, 3 times the normal amount of phosphate,
and 5 times the normal amount of nickel and

nitrate, which led to a massive fish death.
Among the aquatic inhabitants of the Teteriv
River, which suffered the most destructive ef-
fects of heavy metals, were the silver carp
(Hypophthalmichthys molitrix), common carp
(Cyprinus carpio), northern pike (Esox lucius),
European perch (Perca fluviatilis), etc. These fish
species are most sensitive to increased toxicity
in the aquatic environment. In August 2022, an
oxygen deficiency was recorded in the Vidsichne
Reservoir, and an excess of the concentration of
manganese by 2.7 times and iron by 12.3 times,
compared to the admissible values. Pollution of
aquatic ecosystems poses a serious threat to the
ichthyofauna, and can also lead to an excess of
pollutants in fish products, which poses a risk
to human health (Mosiienko, 2022b). Fish play
a key role in aquatic ecosystems, occupying the
upper trophic level. It is an important chain in
maintaining the ecological balance of aquatic
environments. However, through bioaccumu-
lation and biomagnification processes, fish can
accumulate pollutants, including heavy metals,
from the water or from the living organisms
it consumes. This creates a serious risk to the
health of the person who consumes such fish.
Therefore, it is important to control the level of
pollution of water bodies and take measures to
preserve their environmental integrity.

Conclusions
According to the results of the study, the back-
ground level of lead in the surface waters of the
Teteriv River met the MAC and was 0.0997 mg/1.
The cadmium content did not significantly ex-
ceed the MAC of 0.007 mg/1. The results of labo-
ratory tests revealed an excess of manganese of
0.03 mg/1. The zinc content exceeded the MAC
and amounted to 0.0651 mg/1. The background
iron level met the MAC of 0.1 mg/l, but was at
the limit. Studies confirm the assumption of
an unsatisfactory state of water in the Teteriv
River. This can lead to a decrease in the num-
ber and diversity of aquatic life, including fish,
invertebrates, and algae; disrupt the natural
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balance of the ecosystem and cause a decrease
in biodiversity.

The results of laboratory tests show that
the background values of lead, cadmium, man-
ganese, zinc, and iron in the test water from
the fattening pond No. 1 did not exceed the
maximum admissible concentration (MAC).
Low levels of heavy metals in the water indi-
cate that water from fattening pond No. 1 is
safe for human consumption and use. It can
be assumed that as a result of the armed ag-
gression against Ukraine, agriculture has suf-
fered heavy losses and reduced its capacity, but
still remains one of the key economic sectors
of Ukraine. The anthropogenic impact on the
Teteriv River channel was established. The ac-
tivities of enterprises and agriculture lead to
an increase in the accumulation of heavy met-
als in water, so it is recommended to establish
measures to reduce the anthropogenic load on
the ecosystem of the Teteriv River.

The study highlights the need for meas-
ures to prevent further pollution of the region’s

river systems. In particular, these measures in-
clude: establishing systematic control over the
use of water by enterprises and organisations,
and monitoring the discharges of industrial
and agricultural waste; increasing attention
to issues related to the prevention of pollution
and salinisation of surface and underground
waters; conducting experimental studies of the
content of heavy metals. These measures focus
on preserving and protecting the region’s wa-
ter resources and ensuring an environmentally
friendly environment for aquatic life.
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AHoranis. 3a6pyTHeHHSI BOAOIM BakKKMMM MeTajJaMM MOXe MPU3BECTU A0 3arubeni pubu ta
iHIIMX BOZHMX OPTaHi3MiB, 3MeHILeHHS 6i0pi3HOMAaHITTSI Ta 3arp0o31 eKOCUCTeMaM, IO MiJKPeC/TI0e
BaK/IMBICTh 30€peKEHHS MPUPOSHOTO CEpeloBUINA; 3a0pyIHEHHS BOOAHUX OO’€KTiB MOXe MaTu
cepito3Hi eKOHOMIUHI HaCTiAKM, 30KpeMa 3HVDKeHHS TPUOYTKY Bif, pybaabCcTBa, TYPU3MY Ta iHIINX
IisTbHOCTEIA, MOB'I3aHUX 3 BUKOPUCTAHHSIM BOJM, [0 BMMAarae po3po6KM CTpaTeTiii yrpaB/IiHHS
BOIHMMM pecypcamy. MeTa po6OTH MoJAraia y BUSHAUEHHI 3aTaibHMX TeHJEHIIii BMiCTy BaXKKUX
MeTasIiB y oBepxHeBUX Bogax p. TeTepiB Ta HarynbHOMY cTaBy N21 TOB «CI'® «IHTeppubroct».
Bin6ip mpo6 Bomu MPOBOAMBCS Ha CTpyMeHi moToky p. TeTepiB (BomocxoBuile Binciune) Ta B
HarynbHOMY cTaBy N21 Ha mmbuui 0,2-0,5 M Big moBepxHi [JjIs1 TTOAAIBIIOTO J1aGOPATOPHOTO
aHai3y 100 BMICTY iOHiB BakkuxX meTtaniB (BM). [Ijis1 gocaigkeHHSI BOAM 3aCTOCOBAHO aTOMHO-
abcopOuifiunii Merton aHasisy. JlabopaTopHi HOCTiIKeHHS MOBepxXHeBUX Bon p. TerepiB Ta
CTaBy MPOBOAWIN 3a TaKMMM [MOKa3HMKaMM: BOJHEBMII Moka3HMK (pH), BMiCT CBMHIIIO, KaAMilo,
MapraHiiio, IMHKY Ta 3adisa. [IpencraBieHi pe3yabTaTy AOCTIIKEHHS BMiCTy BasKKMX MeTalliB y
p. TeTepiB, siki Moka3anu, [0 BMIiCT TaKMX BaXXKMUX MeTasiB sK: Pb, Cd, Mn, Zn Ta Fe, y piukoBiit
BOZIi, 32 BUHSITKOM 3aJ1i3a, ITIePeBUIILYIOTh MeXi TPAHUYHO AOTYCTMMMX 3HAU€Hb ITOKA3HUKIB SIKOCTi
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BOIIM J/Is1 pUGOTOCIIONAaPChKMX BomoiiM. @OHOBI moka3HuKM BM 3 HaryiapHOTO cTaBy N21 o6acti He
riokasanu nepesuineHHs ['IK (rpaHMYHO JOTTYyCTVIMAa KOHIIEHTPallist). BUCOKi KOHIIeHTpallii CBUHITIO,
KaaMilo, MapraHifio Ta 3aji3a IOSICHIOIOTbCS TOTY)KHMM aHTPOTIOTeHHUMMM 3a6pyaHEHHSIMH,
IIKepeyioM SIKMX € arpapHi Ta MPOMMCIOBI KoMIuiekcy JKUTOMUPIIMHA. Pe3ybTaTi MOKYTb OyTHU
BUKOPUCTAaHi AJIsI BCTAHOBJIEHHS €()eKTYBHOTO MOHITOPUHTY SIKOCTi BOJIM Y BOAOIMAXx Ta pO3po6KM
cTpaTeriit 3MeHIIeHHS 326pyJHEHHS BOIHUX €KOCUCTEM

Kiio4oBi cyioBa: BofHe cepeqoBuile; riipo6ioHTH; GOHOBI MOKa3HUKM; 3a0PyIHEHHS; PiUKM
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Abstract. The relevance of the study lies in the need to improve the technology of semi-smoked
sausages using spicy and aromatic plant ingredients, which would allow producing sausages with
an extended shelf life and will help to expand the range. In order to avoid premature spoilage
of sausage products or increase their consumption time, it is advisable to use a variety of food
additives and antioxidants during production, with a positive effect on lipid hydrolysis and
inhibition of oxidative changes in lipids. The purpose of the study was to investigate the chemical
composition and freshness changes of semi-smoked sausages made using spicy and aromatic
plants — thyme and caraway seeds — during storage. The following research methods were used
in the study: organoleptic evaluation was carried out by appearance, cut appearance, consistency,
aroma and taste; physicochemical — moisture content — by drying samples in a drying cabinet to a
constant mass at a temperature of 103+ 2°C; fat content - by Soxhlet extraction; protein content —
by Kjeldahl method; determination of table salt content — by titration of a chlorine ion in a water
extract from the product with silver nitrate. When determining organoleptic parameters, it was
found that the samples have rather high organoleptic properties characteristic of semi-smoked
sausage according to the manufacturing technology using thyme and caraway seeds. The chemical
composition study found that the moisture content of the semi-smoked sausages was 54.1-
59.3%, and the protein content was 19.6-20.4%, which meets the requirements of the standard
for high-grade semi-smoked sausages. In the course of research, the influence of spices on the
course of product spoilage and the preservation of quality indicators in the developed sausage
samples was investigated. During storage, the amount of peroxides in the sausage samples was
constantly increasing, which indicates the course of oxidative processes that lead to the generation
of peroxides. The practical significance of the study was to improve the organoleptic properties and
expand the range of semi-smoked sausages through the use of spices

Keywords: ingredients; oxidative changes; essential oils; spices; sausages; juniper; organoleptic
parameters

Introduction

The meat industry meets the population’s need
for biologically healthy food, especially sausag-
es, which are of great importance for human
nutrition and the production of which is the
most common area of meat processing for food.
In a market economy, it is particularly impor-
tant to improve the traditional technology of
semi-smoked sausages to obtain competitive
food products.

For centuries, aromatic herbs and spices
have been added to various products to im-
prove their taste and organoleptic properties.
Plant spice and aromatic raw materials con-
tain a significant amount of antioxidants, vita-
mins, essential oils that can inhibit the growth
and development of unwanted microflora,
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including pathogenic ones. Meat systems are
quite unstable and are subject to rapid microbi-
ological influence. Issues related to spoilage of
meat products during storage are relevant and
require new scientific research and technologi-
cal solutions. Every year in the world, up to 30%
of food products are lost as a result of spoilage
of manufactured products: due to microbio-
logical spoilage and oxidative processes (Zhuk
& Shevchenko, 2020).

Improvement of technical processes, man-
agement methods and storage conditions of
products allows achieving stable quality of sau-
sage products during storage. Free high-mo-
lecular saturated and unsaturated fatty acids
and other hydrolysis products obtained by lipid
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hydrolysis during storage of sausage products
have no taste or smell, so they do not significant-
ly affect the sensory evaluation of meat prod-
ucts. However, the accumulation of free fatty
acids in foods causes spoilage due to oxidation.

The fat content of semi-smoked sausages
is quite significant, due to the large amount of
fat used in the recipe, and side lard is usually
used. In this regard, oxidation processes and
changes in organoleptic characteristics occur
in semi-smoked sausages during production
and storage. R. Dominguez et al. (2019) noted
that the oxidation processes of lipids, proteins,
pigments, and vitamins are frequent and inter-
related, which negatively affects the quality of
meat, including changes in colour and texture,
the development of rancidity, loss of nutrients,
and the appearance of toxic compounds.

Oxidative changes in sausage products pri-
marily occur in the fat fraction. This is condi-
tioned by increased contact with muscle tissue
and the emulsification effect. L. Bal-Prylypko et
al. (2021) noted that salting ingredients and
myoglobin derivatives (iron-containing haem
pigments found in meat) can contribute to
oxidation, which can be active even at 0°C. In
addition, the introduction of various additives
into the minced meat system and increasing
the temperature of the meat system also acts as
a catalyst for lipid oxidation. Antioxidants are
used to protect sausage products from oxida-
tive damage, which are a component of spices
and aromatic plants. The action of antioxidants
is aimed at blocking active radicals in oxidative
chain reactions.

P. Munekata et al. (2020) claim that differ-
ent types of antioxidants, both synthetic and
natural, can affect the chemical processes dur-
ing fat oxidation. However, the global consum-
er community has a negative attitude towards
synthetic antioxidants because of their poten-
tial harmfulness, which can lead to food poi-
soning and allergic reactions caused by chem-
ical properties. The main focus is on natural
antioxidants and how to get them. Theoretical

and practical aspects of the use of spice and ar-
omatic plants are considered in numerous pa-
pers by Ukrainian and foreign researchers.

N. Kondratiuk et al. (2022) investigated that
the use of plant extracts from rosemary, thyme,
and ginger helps maintain oxidative stabili-
ty, stabilise colour parameters, and improve
the technological and sensory characteristics
of pickled semi-finished products. S. Hrelia &
C. Angeloni (2020) confirmed that natural an-
tioxidants undergo an intense metabolism that
alters their redox potentials. In turn, K. Tzima et
al. (2020) proved that polyphenols from black
pepper, oregano, and sage can slow down the
oxidative reaction, affect colour change, and
alter the sensory properties of meat products.

V. Pasichnyi et al. (2022) found that choke-
berry extracts have antioxidant activity that
was comparable to blackcurrant extract in
the production of semi-smoked sausages. The
study showed that the addition of chokeberry
extract in an amount of 0.2 to 0.5% by weight
of minced meat significantly slows down the
hydrolytic lipid oxidation of finished products,
effectively reducing fat peroxidation. I. Simo-
nova et al. (2023) investigated that extracts of
chokeberry and blackcurrant berries can be a
natural source of antioxidant substances, since
the leaves and berries of these plants are rich
in polyphenols, namely phenolic acids and fla-
vonoids, which have strong antioxidant proper-
ties. N. Bozhko et al. (2020) confirmed that the
addition of rosemary and cranberry extracts
suppresses lipid oxidation during storage of
meat products with a combined raw compo-
sition. The common disadvantages of the de-
scribed extracts include a high price, different
effectiveness on the course of oxidative pro-
cesses at different stages of development, and
insufficient antibacterial effect.

However, in the current situation, this is-
sue requires further investigation. O. Shtonda
& V. Israeli (2021) noted that many spices and
aromatic plants, their extracts and essential
oils, and sodium nitrite, which is included in
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the composition of sausages, can act as antiox-
idants and slow down fat oxidation. As of 2024,
the properties of various types of essential oils
and their individual fractions have been stud-
ied. There are approximately 32 known types of
spices that contain substances that slow down
oxidation. G. Simakhina & N. Naumenko (2021;
2022) determined that the most effective are
rosemary, sage, cloves,whichincreaseresistance
to fat oxidation by 15-17 times, and spices such
as cardamom, anise, coriander, dill, ginger, mar-
joram, fennel increase resistance by 2-3 times.
Therefore, the main purpose of the study
was to determine the quality indicators of sau-
sage products and the effect of spice and aro-
matic plants on the lipid oxidation resistance of
semi-smoked sausages during storage.

Literature Review

Currently, there are more than 200 names of
spices that are used as natural flavorings and
flavorings, of which just over 40 are the most
popular. N. Holembovska et al. (2021) noted
that depending on which parts of the plant are
used as food additives or flavorings, spices and
herbs are most often divided into seeds, fruits,
flowers, leaves, roots, herbs, and bulbs. Natu-
ral spices are mostly used in dried form. Spicy
plants are used both dried and fresh. Despite
certain disadvantages, the use of natural spices
remains quite important.

The analysis of studies shows that there
is a tendency to use natural raw materials in
various branches of the food industry. V. Vel-
ychko (2023) investigated the use of extracts
of elderberry, blackthorn, and mountain ash
in the food industry to identify their inhib-
itory effect on the development of free radi-
cals. Plants have been found to contain high
levels of natural antioxidants — anthocyanins
and polyphenols. Multicomponent mixtures of
spices are an integral part of recipes for sau-
sage products. This ensures the production
of products of stable quality and expands the
range of sausage products.

Animal Science and Food Technology. 2024. Vol. 15, No. 2

1.]. Karoui et al. (2023) found that the use
of plant raw materials (tomato pomace) is rich
in valuable phytochemicals, in particular lyco-
pene, which is an antioxidant that improves the
appearance and sanitary and hygienic indica-
tors of meat products (chicken patties). They
contain substances that slow down and stop
the processes of microbiological and oxidative
spoilage of products, due to their harmful ef-
fects on pathogenic microflora, and slow down
the growth of peroxide and acid numbers. When
choosing a spice and aromatic component, spe-
cial attention should be paid to the cut appear-
ance of sausage, since some spice and aromatic
plants are rich in tannins (polyatomic phenols),
which have a strong antioxidant effect. Exces-
sive use of such spices leads to product defects,
i.e., black spots observed on the product cut.

In addition to spice extracts, their essential
oils are widely used. F. Demarco et al. (2022)
confirmed that rosemary and sage essential oils
inhibit oxidative spoilage of food more inten-
sively than synthetic antioxidants. S. Shityak-
ov et al. (2019) found that black pepper does not
affect the course of microbiological processes
in spice-oil mixtures. Black pepper fruits con-
tain essential oil up to 2.5%, the main part of
it is pinene, limonene, and phellandrene, also
contains choline and acetylcholine, 5-9% pip-
erine. The active substances contained in black
pepper stimulate the activity of the thyroid
gland and increase oxygen consumption by tis-
sues. Oxidative spoilage of lipids is another ma-
jor cause of food quality degradation. This can
lead to a loss of nutritional value and negative-
ly affect a person’s health.

R.A. Marc et al. (2022) studied plant spice
and aromatic extracts from the stems, flowers,
and leaves of rosemary, lavender, thyme and
investigated their antioxidant activity. Ana-
lysing the findings, it can be concluded that
plant extracts have the best antioxidant effect
compared to raw materials (rosemary stems
and leaves). To investigate the qualitative char-
acteristics of the developed products, parts of
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spicy plants are usually used in concentrations
of 0.02%, 0.05%, 0.1%, and 0.2 %.

The antioxidant properties of juniper
fruits were studied by American researchers
Y.Y. Khatamovich et al. (2023). Juniper is an ev-
ergreen coniferous shrub of the cypress fami-
ly, or a tree with a branched trunk. Juniper is
distributed throughout the European Union,
especially in mountainous areas, the United
States, and Northern Asia. New juniper fruits
contain a variety of vitamins, macro- and mi-
croelements. Special attention should be paid
to vitamins: C (256) mg, PP (0.3 mg), vitamin E
(TE) (0.3 mg), vitamin B, (pyridoxine) (0.1 mg),
p-carotene (0.04 mg), vitamin B, (riboflavin)
(0.02 mg), vitamin B, (thiamine) (0.01 mg), vi-
tamin A (PE) (7 mcg), vitamin B, (folic acid) (5
mcg). It is noteworthy that juniper pods have a
higher content of vitamin C than similar fruits
of related species.

I. Basarab et al. (2021) investigated the
effect of mixtures of thyme and juniper spic-
es, their essential oils and alcohol extracts on
the course of microbiological processes in pork
breast. According to microbiological studies,
the standard content of mesophilic-aerobic
and facultative-anaerobic microorganisms was
exceeded (more than 1.0x10% g/CCU) in breast
samples with dry black pepper, and in sam-
ples with thyme and juniper in the ratios of
0.9:0.7:0.2 and 0.9:0.6:0.3. Excess of the QMA-
FAnM index was also recorded in experiments
using essential oils of these spices. The most
intense antibacterial properties in relation to
the development of microorganisms were ob-
served in the sample using dry crushed spices
of thyme and juniper in the ratio of 0.9:0.8:0.1.
The use of spice and aromatic thyme and ju-
niper plants allows increasing the shelf life of
finished products.

Juniper berries have a light forest aroma
and a slightly spicy, bitter-sweet taste. For this
reason, they are often used as spices in the cui-
sines of different countries of the world. Juniper
is widely distributed in the alpine region. It is

believed that the best varieties of juniper fruits
can be found on the Hungarian market. Juniper
berries are often sold in dried form. They are
usually added to sauces and meat dishes. Due
to its rich taste and aroma, juniper berries are
best used in small quantities. Juniper fruits are
known to be an excellent seasoning for most
types of game, especially venison (combined
with marjoram and black pepper), wild pigeon
and wild boar meat. This spice adds a pleasant
spicy taste to the famous English bull tail soup
and various stews of fat beef, and can even turn
ordinary lamb into wild roe deer meat. Thus,
the use of spice and aromatic plants has be-
come widespread in the technology of sausage
products and various meat dishes. When used
as a spice, they can give foods a taste with spicy
notes. Essential oils contained in plants ensure
that the proper quality of the product is pre-
served during storage.

Materials and Methods
The “Drohobytska” semi-smoked sausage of
the highest grade was produced according to
DSTU 4435:2005 (2007). The main raw material
used was 100% lean pork. Variable formulations
were determined to investigate the effective-
ness of using parts of spice and aromatic plants
in the technology of semi-smoked sausages
(Table 1) The product was manufactured using
the following technology: 5% of the raw ma-
terials were frozen, without being kept in salt,
and ground on a laboratory cutter. Salt and so-
dium nitrite were added to the cutter bowl in
the form of a 2.5% solution (the content of aux-
iliary raw materials varied in quantity accord-
ing to Table 1). The remaining 95% of the meat
was added in the form of pieces no larger than
2 cm and continued to be cut at low speeds for
20-30 seconds. Minced sausages were stuffed
into artificial protein shells. Sausage loaves
were deposited at a temperature of 2-4°C in a
household refrigerator for 24 hours. The heat
treatment was carried out by smoking and dry-
ing, the boiling operation was excluded: after
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sedimentation, the control and 4 experimental
sausage samples were fried in a drying oven at
t=80-95°C for 35-45 min; smoking was carried
out in a smoking chamber at an initial tempera-
ture of 40°C, then every 30 min the temperature
was increased by 10°C until the temperature in

the centre of the product reached 71+1°C. After
smoking, the sausages were cooled to a temper-
ature in the product thickness of no more than
4-6°C. Semi-smoked products were stored at a
temperature of 2-4°C and relative humidity of
®=76+2% for 20 days.

Table 1. Recipe for a spice and aromatic mixture
for making semi-smoked sausages, kg per 100 kg of basic raw materials

Experimental samples

Spices and materials Control
No. 1 No. 2 No. 3 No. 4
Table salt 2.5 2.5 2.5 2.5 2.5
Sodium nitrite 0.005 0.005 0.005 0.005 0.005
Granulated sugar 0.09 0.09 0.09 0.09 0.09
Ground black pepper 0.06 - - - 0.12
Ground allspice 0.05 - - - -
Fresh garlic 0.1 - - - -
Ground caraway seeds 0.05 0.1 - - -
Caraway essential oil - - 0.0075 - -
Juniper berries - - - 0.1 -

Source: recipe of the spice and aromatic composition according to DSTU 4435:2005 (2007), samples developed

by the authors

To fulfil the tasks set, studies were car-
ried out according to the relevant standard
methods: the following were examined by
sensory evaluation: appearance, cut appear-
ance, aroma, taste, colour according to DSTU
4435:2005 (2007) “Smoked sausages”. Evalua-
tion of indicators was carried out in the follow-
ing order: appearance, colour on cut, consisten-
cy, aroma, and taste. Before tasting, the twine
was removed from the sausage, the ends of the
shell were cut off and dried with a towel. The
colour, texture, and distribution of ingredients
were evaluated after cutting the sausage loaves
by diameter. The shell was removed from half
of it, determining the appearance and taste,
noting the condition of the crust, minced meat
outside, and in the middle of the loaf. Samples
of sausage products were cut into thin slices,
ensuring hygiene rules. The length of the slice
was 8 cm and corresponded to the full sample
of the sample, that is, its commercial type and
grade. Sausage products were cut at an acute
angle to obtain wider slices. The position of the
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sausage loaf (or its vertical half) varied depend-
ing on the cutting angle, which was from 45 to
60°. The thickness of the slices was 2-3 mm.
Special knives with 250 mm long blades
were used for cutting prototypes of sausage
products. Moisture content — by drying the sus-
pension to a constant mass and calculating the
weight fraction of dry substances according to
DSTU ISO 1442:2005 (2005). The protein con-
tent was determined by the Kjeldahl method
according to ISO 1871:2009 (2009). This meth-
od is an arbitration, the essence of which is that
proteins and other organic food components are
broken down in concentrated sulphuric acid in
the presence of a catalyst; the ammonia formed
during the mineralisation of the components is
distilled and absorbed by the acid; the next step
included the titration of the excess acid with al-
kalis. The proportion of fat in the samples was
determined by DSTU 8380:2015 (2017). The es-
sence of the method was to wash out fats using
a solvent from a paper sleeve, into which the
dried suspension of the product was previously
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added. Petroleum ether was used as a solvent.
After extraction, the difference in the mass of
the sleeve before and after extraction was de-
termined. The results of the conducted studies
were processed by statistical analysis methods.

Results
Product quality is determined by their char-
acteristics, i.e., quality indicators, including
sensory evaluation. Sensory analysis methods
provide a fast, objective, and reliable overall
impression of product quality. Organoleptic

analysis allows quickly and purposefully influ-
encing all stages of food production. The re-
sults of sensory evaluation in most cases were
final and decisive in determining the quality
of raw materials and products. Organoleptic
evaluation of product quality indicators can be
differentiated (according to individual quality
indicators) or complex, considering the values
of all indicators of the product under study. The
results of the tasting evaluation showed that
the tested samples had fairly high sensory indi-
cators, as shown in Table 2.

Table 2. Organoleptic evaluation of sausage products, in points

Sla:;nnl:le Appearance app:s:;‘;nce Smell Taste Consistency sco?Z,eIr)?)lilnts
Control 4.5%0.2 4.5+0.2 5.0£0.2 5.0+0.1 5.0£0.2 4.83%0.2
No. 1 4.5%0.2 4.5%0.2 5.0%0.1 4.5+0.1 5.0%0.1 4.68%0.2
No. 2 4.5+0.2 4.5+0.2 5.0%0.1 4.8+0.2 5.0%0.1 4.75+0.2
No. 3 4.5%0.2 4.5%0.2 5.0£0.2 5.0£0.2 5.0£0.2 4.78%0.2
No. 4 4.5%0.2 4.5%0.2 5.0+0.2 4.8+0.2 5.0+0.2 4.77%0.2

Source: developed by the authors

When evaluating the appearance of all
samples of sausage products, the surface of the
loaves was clean, dry, without stains, lumps,
damage to the shell and minced meat. Evalu-
ating the cut appearance of semi-smoked sau-
sages, it was found that the minced meat is
evenly mixed, pink in colour, and pieces of pork
are visible. The taste of the products was pleas-
ant, moderately salty, in sample No. 4 slightly
sharp, with the smell of garlic in the control
sample; samples No. 1 and No. 2 had strongly
pronounced aroma of caraway seeds; sample
No. 3 was characterised by a pronounced aroma
of spices and smoke. All samples had no extra-
neous aroma and taste. The consistency in all
the samples produced was quite elastic.

The appearance of the product was most
influenced by the following factors: the correct
order of introduction of minced meat compo-
nents and the execution of the technological
process in compliance with all parameters —
temperature, humidity, duration of processing,

air speed. At the same time, salt-soluble pro-
teins swell, colour stabilises, and taste is de-
veloped. The surface of the sausage loaves was
visually clean and dry, without damaged shells
and minced meat.

Such an indicator as the consistency of sau-
sage characterises not only the ease of cutting
the product, but also the fact that the minced
meat does not stick to the knife blade, and the
degree to which the product is finished. The
results of the study showed that the consisten-
cy of all the sausage samples under study was
elastic and dense. When examining the sausag-
es on the cut — the appearance of minced meat
was light pink, uniformly mixed with the inclu-
sion of small pieces of pork. Taste and aroma
determined the attractiveness of the product
to consumers. The aroma and taste of the prod-
ucts was pleasant, characteristic of sausages of
this type, with a pronounced aroma of spices and
smoke. The taste was moderately salty and spicy,
inherent in semi-smoked sausage products.
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According to the data presented in Table 2, it
canbe seen that “Drohobytska” sausage (control)
received the highest score in terms of organo-
leptic evaluation indicators with a total score of
4.83, and sample No. 3 with juniper berries. The
lowest rating was given to sample No. 1, which

contains only caraway seeds spice. To identify
differences in the quality of the developed prod-
ucts, the sensory evaluation was supplemented
with the creation of a profilogram, which al-
lows visually presenting the overall compar-
ative sensory evaluation of samples (Fig. 1).

Appearance

5
4.8

4.6
Consistence

Taste

Cut appearance
bp e CONtrol

No.1
No.2
e NO.3
e N O .4

Flavor

Figure 1. Organoleptic parameters of experimental sausages

Source: developed by the authors

The obtained data summarise that in terms
of sensory indicators, sausage products con-
taining various spice and aromatic plants are
as close as possible to sausages that are made
according to standard recipes. One of the most
important stages of product development is the
study of its chemical composition. The results

of studies showed that the moisture content in
the samples of semi-smoked sausages ranged
from 54.1 to 59.3%, which did not exceed the
standards (Table 3). According to this indica-
tor, they meet the requirements of the state
standard for the “Drohobytska” semi-smoked
sausages.

Table 3. Chemical composition of semi-smoked sausages

Standard (according to

Experimental samples

Indicator  pory 4435:2005, 2007), % COPtrl o No. 2 No. 3 No. 4

Content: not more than 60 54.9%0.23 54.1%£0.12 54.2%0.15 56.5+0.22 59.3%0.18

moisture

protein not less than 13 20.1$0.21 19.70.17 20.4%£0.16 19.6+0.17 20.0+0.20
fat not more than 45 22.840.28 22.1%£0.13 23.8£0.28 24.1+0.15 22.8+0.21

table salt not more than 4.5 43+0.05 4.2+0.06 4.1+0.05 4.2+0.06 4.3£%0.05

Source: developed by the authors

When making sausages, with the exception
of spice and aromatic components, no chang-
es were made in the recipe, so the differences
between the control and experimental samples
fluctuated within the margin of error. In sausage
products, the protein content corresponded to
the standard values and ranged from 19.6 to
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20.4%, fat — from 22.8 to 24.1% and salt — from
4.1 to 4.3%. When making sausage products,
one of the most important factors that must
be considered is the possibility of maintain-
ing the quality characteristics of the product
throughout the entire shelf life. It is well known
that the rate of fat oxidation depends on their
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interaction with air oxygen. The resistance of
fats to oxidation is mainly determined by their
fatty acid composition. In sausage products,
this is directly related to technological changes
in meat raw materials.

The shelf life of semi-smoked sausages is
determined by indicators that do not change
during storage — these are sensory and physico-
chemical indicators. Microbiological indicators
change and characterise the oxidative transfor-
mation of products. Therefore, the further study
was to determine the changes in the criteria of
fat oxidation and microbiological parameters
in the developed semi-smoked sausages during
storage. Ready-made sausages were stored at a
temperature of 0...6°C and relative humidity of
75+3% for 15 days. Determination of the acid
and peroxide numbers of experimental sausage
products was carried out after production and
during storage, using “Semi-smoked sausage”
sausage as control. Hydrolytic and oxidative
changes in lipids that occur during long-term
storage are usually not caused by microorgan-
isms. However, lipolytic bacteria, mould fun-
gi, and other microorganisms contain enzyme
systems that cause hydrolysis and oxidative
conversion of lipids. These microbial lipases
actively catalyse lipid hydrolysis. Unsaturated

fatty acids and short-chain saturated fatty acids
are the most sensitive to oxidative conversion.
High-molecular fatty acids are more resistant
to such changes.

During storage of the product in fats, hy-
drolysis took place, the depth of which is deter-
mined by the content of free fatty acids and is
characterised by the value of the acid number.
Hydrolysed fats are well absorbed by the human
body, but fatty acids formed in large quantities
during deep hydrolysis contribute to the devel-
opment of oxidation processes. As a result of the
conducted studies, a link was revealed between
the meat raw materials used and the influence of
spice and aromatic components on the process
of spoilage of the product, and the preservation
of the quality indicators of the sausages under
study. Long-term storage of semi-smoked sau-
sages can lead to fat hydrolysis processes, which
leads to the accumulation of free fatty acids.

It is known that increasing the temperature
increases the strength of hydrolytic enzymes,
which leads to the accumulation of free fatty
acids in fat. The investigation of changes in the
acid number was carried out immediately af-
ter sausage production and during storage at a
temperature of 0 to 6°C on the 5% 10", and 15"
days (Table 4).

Table 4. Investigation of the dynamics of the acid number
in naturally smoked sausages during the shelf life, mg KOH, M+ m

Storage period, days

Sample
0 5 10 15
Control 1.9£0.03 3.0%0.01 4.3+0.02 4.7+0.01
No. 1 1.9£0.01 2.9£0.02 4.2%+0.01 4.7+0.01
No. 2 1.9+0.04 3.2£0.01 4.5+0.02 4.6%0.01
No. 3 2.0+ 0.02 2.7%0.02 3.9%0.01 4.5+0.01
No. 4 1.9£0.01 3.2%0.01 4.7+0.03 5.5£0.01

Source: developed by the authors

The results of a study of the dynamics of
the acid number showed that in the first half
of the shelf life, the amount of free fatty acids
increases sharply. By the end of the storage
period, their accumulation continued and dou-

bled. However, the course varied in intensity
depending on the product recipe. Thus, the
least significant increase in the acid number
was observed in sample No. 3 with the addition
of juniper berries. At the end of the shelf life,
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this figure was 4.5 mg KOH. When using cara-
way seeds and caraway essential oil in semi-
smoked sausages, it was found that the acid

Acid number
mg KOH
O = N WA 1O

m No.1

No.2

m No.3

I I I I mNo.4
0 5 10 15

number was lower than in the control sample,
but higher than in sausages with juniper and
black pepper (Fig. 2).

m Control

Storage time, days

Figure 2. Dynamics of changes in the acid number in semi-smoked sausages during storage

Source: developed by the authors

During storage, the peroxide number of
semi-smoked sausages is steadily increasing.
This indicates that there is an oxidation pro-
cess that leads to the generation of peroxide.
However, under the same storage conditions,

the strength of increasing the peroxide number
is different. At a storage temperature of 0...6 °C
after 5 days in the control sample, the peroxide
number was 0.04% ], for 10 days - 0.08% J,, and
at the end of 15 days - 0.1% ], (Table 5, Fig. 3).

Table 5. Dynamics of changes in the peroxide number
in semi-smoked sausages during storage, % J,, M*m

Shelf life, days

Samples
0 5 10 15
Control 0.01£0.03 0.04%0.03 0.08+0.01 0.1£0.02
No. 1 0.01+0.02 0.03%0.2 0.06%0.01 0.09+0.01
No. 2 0.01£0.01 0.02£0.0 0.05+0.04 0.09+0.02
No.3 0.01£0.01 0.02+0.02 0.04%0.03 0.08+0.01
No. 4 0.01+£0.04 0.05+0.01 0.08+0.2 0.12%+0.02
Source: developed by the authors
0.14
~ 0.12 m Control
g 01 mNo.1
% & 0.08
g2 006 No.2
& E 0.04 I I ®No.3
£ 0.02 I I H No.4
0 - - I [ |
0 5 10 15

Storage time, days

Figure 3. Results of changes in the peroxide number in semi-smoked sausages during storage

Source: developed by the authors
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The indicator of the peroxide number of
fat is less in the samples for the use of juniper
berries — after 5 days of storage, it was 0.02 %
J,, after 10 - 0.04% J,, and after 15 - 0.08% J,. In
semi-smoked sausages with the use of caraway
seeds and essential oil, this indicator was high-
er than in sausages with juniper berries, but
lower compared to the control sample (Fig. 3).

An increase in the peroxide number of sau-
sage products leads to the appearance of an
unpleasant smell and taste. Signs of spoilage
occur when the level of peroxide in the product
reaches 0.2% J,. Although the regulation does
not set a maximum permissible peroxide num-
ber for fat in sausage products, it is important
for assessing the safety of this type of product.

Discussion
The use of plant extracts to preserve meat
opens up broad prospects for extending its
shelf life. Research conducted by G. Manes-
sis et al. (2020) indicates the potential of bio-
logically active compounds found in plant raw
materials to reduce the oxidative processes that
occur in meat during storage. This is especial-
ly important because fat oxidation can lead to
discolouration of the meat, loss of taste, and
an increased risk of spoilage. When choosing
a suitable supplement for a meat product, it
is necessary to consider the amount of active
ingredients in the extract, the composition of
the product itself, the fat content, and the ratio
of saturated and unsaturated fatty acids. This
helps ensure the optimal effectiveness of the
antioxidant preparation. The results of studies
on the acid number obtained by L. Tamkuté et
al. (2021), confirm that triglyceride breakdown
products accumulate gradually during meat
storage, reaching their maximum value by the
end of the shelf life. This indicates the need to
use effective antioxidants to prevent the rap-
id breakdown of lipids and ensure the longest
possible shelf life of meat without loss of qual-
ity. According to V. Pasichnyi et al. (2022), the
addition of aronia and black currant extracts to

minced semi-smoked sausages reduces micro-
biological contamination and has a bacterio-
static effect. The addition of aronia extract in
the amount of 0.2-0.5% by weight of meat sig-
nificantly slows down the hydrolytic oxidation
of lipids in heat-treated products, effectively
suppresses fat peroxidation. The use of black
currant extract also has an antioxidant effect,
but is weaker. Stabilisation of lipid peroxidation
in semi-smoked sausages gives the effect of in-
hibiting the development of secondary oxida-
tion products, which is confirmed by the results
of studies. Due to the inhibition of hydrolysis of
triacylglycerols, the concentration of free fatty
acids was reduced. This was conditioned by the
high oxidative capacity of flavonoids in the ber-
ry extract, which was confirmed by studies.

The study by N. Bozhko et al. (2019) proved
that the addition of rosemary and cranberry
extracts inhibits lipid oxidation during storage
of meat-containing bread with a combined raw
composition. The common disadvantages of
the extracts used include a high price, different
efficiency in passing through different stages of
the oxidation process, insufficient antimicro-
bial action, etc. Analysis of the kinetics of the
acid number of experimental samples showed
that the addition of spice and aromatic plants
inhibits peroxidation. Oxidation was observed
after the first 5 days of storage. This is because
the components of berries prevent the binding
of active oxygen to fatty acid radicals and free
radical oxidation is suppressed. This happens in
the case of using juniper berries in a prototype.

Compounds that demonstrate the antioxi-
dant activity of juniper berries are responsible
for slowing down oxidative processes in experi-
mental sample No. 3. And the potential of using
this spice and aromatic raw material and prod-
ucts made from it (essential oil) in the produc-
tion of semi-smoked sausages to improve their
quality, which is consistent with the findings of
B. Soji¢ et al. (2017). The use of natural antiox-
idants to reduce the consumption of synthetic
supplements and produce cleaner meat prod-
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ucts can be considered as one of the promising
alternatives. M. Glisic et al. (2023) summarised
data on the obtained natural antioxidants from
agro-industrial by-products and their inclusion
in various meat product formulations. This al-
lows slowing down the oxidation of lipids and
proteins, which is one of the main reasons for
the deterioration of the quality of meat and
meat products during technological processing
and storage. The use of natural antioxidants
has several benefits. Firstly, they are more nat-
ural and safe to consume, as they are obtained
from natural sources such as fruits, vegetables,
or vegetable oils. This is especially important
for consumers who avoid synthetic additives
in their food. Secondly, the use of natural an-
tioxidants helps to reduce environmental im-
pacts and promotes the use of agro-industrial
by-products, such as waste from fruit and vege-
table processing. This can help reduce waste in
the food industry and support sustainable de-
velopment. The findings of this study indicate
the effectiveness of using natural antioxidants
in various types of meat products, such as sau-
sages, ham, etc. Their addition helps maintain
the quality and duration of storage of meat
products, and increases their resistance to ox-
idation, which can be especially important in
the case of long-term storage or transportation.

H. Alkhattat et al. (2022) found the antioxi-
dant and antimicrobial effects of thyme against
various microorganisms. These studies were
conducted to investigate the effect of thyme
water-alcohol extract on the quality of ground
beef. The results of antimicrobial analysis of
water and alcohol extracts of thyme in various
concentrations showed that the water extract
had a significant inhibitory effect on the growth
of a wide range of bacteria compared to the
alcohol extract. Thus, water-based thyme ex-
tracts can be effective and promising as pre-
servatives for meat and its products, especially
in high concentrations, to inhibit bacterial
growth. The study by R. Tshabalala et al. (2021 fo-
cused on three aspects: isolation and molecular
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identification of bacteria from meat; determi-
nation of the antimicrobial activity of spices
against pathogens; evaluation of the organolep-
tic properties of meat with spices. Spice extracts
were tested by disk diffusion to determine their
inhibitory ability. The results show that clove and
black cumin extracts have shown excellent anti-
bacterial effects against most pathogenic bacte-
ria. Cloves showed the highest inhibition zone
of 18 mm against E. coli. Clove extract was the
largest inhibitor, followed by black cumin, while
thyme and cinnamon extracts showed weak an-
tibacterial effects against the strains studied.

Due to the rather spicy taste and aroma,
these spices are used in small quantities in
minced meat systems and sausage products. As
of 2024, quite a few studies have been conduct-
ed on the effects of the antioxidant and anti-
microbial effects of berries and juniper berry
extract. Currently, the antioxidant potential of
extracts, essential oils, and oleoresins in meat
products has been studied and confirmed. Using
natural sources as antioxidants is an alternative
to synthetic antioxidants. Their antioxidant ca-
pacity is associated with a high content of phe-
nols. Thus, the inclusion of active components
of spice and aromatic plants in the composition
of sausage recipes will slow down oxidative
processes and extend the shelf life of products.

Conclusions

One of the most promising areas of search for
new antioxidants is the study of various biolog-
ically active substances in natural raw materi-
als. Thus, the range of plants rich in antioxi-
dants is rapidly expanding, both to protect food
products from non-enzymatic oxidation, and to
provide them with the development and pro-
duction of functional food products containing
antioxidant components.

Based on comprehensive studies, a com-
parative evaluation of the quality of sausag-
es made using a variety of spicy and aromatic
ingredients according to the traditional recipe
of the “Drohobytska” high-grade sausage was
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carried out. The sensory performance of sau-
sage products using various spice and aromat-
ic components is high and as close as possible
to products made using standard technology.
The protein content in sausage products corre-
sponded to the standard values, ranging from
19.6 to 20.4%, fat — from 22.8 to 23.8%, and
salt — from 4.1 to 4.3 %. It was found that the
use of juniper berries in the technology of semi-
smoked sausages reduces the accumulation
of products of peroxidation of free fatty acids.
When studying changes in acid and peroxide
numbers during storage at temperatures from
0to 6°C, an increase in indicators was observed
in all samples on day 5, but in the control sam-
ple and in sample No. 3 made with juniper ber-
ries, this indicator was slightly lower.
Prospects for further research consist in
a comprehensive analysis of juniper berries

plant-based raw materials not only improves
the quality of food, but is also important for
the health of people who consume the food. Al-
though the human body is equipped with var-
ious defence mechanisms, including antiox-
idant enzymes and antioxidant compounds,
maintaining an oxidant/antioxidant balance in
favour of antioxidants by consuming more an-
tioxidants through food and avoiding oxidative
processes in food or pro-oxidants are the best
methods to reduce oxidative stress in the hu-
man body. In the aggregate of the obtained re-
search results, it can be concluded that sausage
products with the use of various spice and aro-
matic plants have high quality indicators at the
level of a traditional product. This makes it ra-
tional to introduce this technology in industry.
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AHoTanig. AKTyalbHICTh po6GOTM TONSITa€ B HEOOXiMHOCTI yAOCKOHAJEHHS TEeXHOJIOTil
HaIliBKOTTUeHUX KOBOAC i3 BUKOPMUCTAHHSAM TMPSTHO-apOMATUUHMUX POCIMHHUX iHTPEIi€HTIB,
IO [JO3BOJAUTH OTPUMATM KOBOACcKH 3 TOJOBXKEHMM TEePMiHOM MPUAATHOCTI Ta CIPUSTUME
PO3IIMPEHHI0 acopTuMeHTy. 1[06 YHUKHYTM IlepeAuacHOTo ITICYBaHHS KOBOACHUX BUPOOiB
abo 36GiMbIIMTY iX TepMiHM CIIOKMBAHHS IOIIJBHO BUKOPMCTOBYBATM I Yac BUPOOHUIITBA
pisHOMaHITHI XapuoBi H06aBKM i aHTMOKCUIAHTH, 3 MO3UTUBHMUM BIUIMBOM Ha TigpoJii3 JimigiB
i ra/IbMyBaHHSIM OKMUCTIOBJIBHUX 3MiH Y Jinifgax. MeTo po6oTu 6y/I0 AOCTiIKEHHST XiMiYHOTO
CKIaay Ta 3MiHM CBDKOCTi HaIiBKOMUEHMX KOBOAC, BUTOTOBAEHUX 3 BUKOPUCTAHHSIM IIPSIHO—
apoOMaTUYHMX POCIMH: Yebpelrio Ta KMUHY i yac 36epiranHs. Y po60Ti BUKOPUCTOBYBIM TaKi
METOAV OOCTiIKeHHS: OPTaHOJENITUYHY OIL[iHKY ITPOBOAM/IM 3@ 30BHIIIHIM BUIJISIOM, BULISIOM
Ha po3pi3i, KOHCUCTEHIIi€I0, apOMaTOM Ta CMakoM; (i3MKO-XiMiuHi — BMiCT BOJIOTM — METOIOM
BUCYIIYBAaHHS 3pa3KiB B CYIIWIbHIN madi 1o mocriitHoi macu mipu temmeparypi 103 #2°C; BmicT
skupy — metopoM Cokciera; BMicCT 6inmka — metogoM Kenbmanist, BU3HAUEHHS BMICTYy KyXOHHOI

Animal Science and Food Technology. 2024. Vol. 15, No. 2



https://orcid.org/0000-0002-7085-6133
https://orcid.org/0000-0002-7242-3227
https://orcid.org/0000-0001-5045-5546
https://orcid.org/0000-0002-7724-2919
https://orcid.org/0000-0002-3609-0920

Shtonda et al.

135

COMi — MEeTOJIOM TUTPYBaHHSIM iOHY XJIOPY Y BOISHIN BUTSIKII i3 MPOAYKTY a30THOKUCIOTHUM
cpi6mom. IIpy BM3HAUEHHi OPTaHONENTUYHMUX ITOKA3HMKIB OyJ0 BCTAHOBJIEHO, WO 3Pa3KuU
MaloTh JOCUTb BMCOKi OPraHOJIENTUYHI BJACTUBOCTI XapaKTepHi ISl HaliBKOIMYeHOI KoB6acu 3a
TEXHOJIOTi€I0 BUTOTOBJIEHHS 3 BUKOPUCTAaHHSIM uebpelio Ta KMUHY. B pesyibTaTi JOCTiAKeHHS
xiMiuyHOro ckyamy 6yJ0 BM3HAUEHO, 1[0 BMIiCT BOJIOTM B HaIliBKOIMUEHMX KOBOAcC ckiaamae 54,1-
59,3 %, BMmicT 6inky — 19,6-20,4 %, 1110 BiIIOBila€ BUMOraM CTaHAAPTY [AJIs HaIliBKOITUEHUX KOBOAC
BUIIIOTO COPTY. B X07i moc/tigykeHb 6y/10 BUBUEHO BIUIMB ITPSTHOIIIB HA MePeBir ICyBaHHS TPOAYKTY
Ta 36epeskeHHs MTOKa3HMKIB SIKOCTi B po3po06eHnx 3paskax Kos6ac. ITig uac s6epiraHHs KilbKiCTh
MepPOKCUIIB Y 3pa3Kkax KOBGACHMX BUPOOGIB MOCTifHO 3pocTasa, M0 CBiIUMTh PO MPOTiKaHHSI
OKMCTIOBATbHUX TIPOIIECiB, SIKi MPU3BOASATHh MO YTBOPEHHS MepoKcufiB. [IpakTuuHe 3HAYEHHS
MPOBEEHNX AOCTIIKEHD TOJIATAE B MMOKPAIEHHI OPraHOJIENTUYHMX BJIACTUBOCTEN Ta PO3IIMUPEH]
aCOPTMMEHTY HaIliBKOIMUEHX KOBOAC 3a paXyHOK BUKOPUCTAHHS MPSTHOIIIB

KitouoBi citoBa: iHrpefieHTH; OKMCHI 3MiHM; eipHi Macia; psiHOI ; KOBGACHI BUPOOM; STiBellb;
OpraHOJIeNTUYHI TOKA3HUKMU
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