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Analysis of the market of meat products in Ukraine

Abstract. Meat and meat products are among the main products of the human diet, which
contain the essential nutrients, biological, macro and microelements that are important for the
full functioning of the human body. Due to the significant environmental impact associated with
industrial meat production, combined with the ever-growing world population, it is important to
investigate the current state and production of the meat industry. The purpose of the study was to
determine the volumes and possibilities of production of certain types of meat products in Ukraine,
their market share, prospects for production in the future, and the ability to provide food industry
enterprises with raw materials for the production of new food products. The work was carried
out by analysing scientific, regulatory and technical literature, statistical evaluation of data, and
comparing the results obtained with the findings of other scientists. The analysis of the industry
indicates the decline of certain areas in animal husbandry, in particular, cattle breeding and the
production of meat, meat products from beef and veal; a decrease in the number of farm animals,
namely by 23% of bovine cattle, 6.9% of pigs, and 2.4% of poultry. During the analysed period,
poultry meat production increased by 17%, while the number of business entities increased by 25
%. At the same time, beef and veal production decreased by 27.8%, while pork production increased
by 33%. Based on the results obtained, it is possible to continuously provide processing enterprises
with meat raw materials, namely, chicken meat for the production of meat products, and it is also
relevant to introduce resource-saving technologies for obtaining a product with less weight loss and
waste during processing. The study results can be used by enterprises when planning the release of
products to the market, developing new recipes, improving existing production technologies, and
understanding trends and volumes of meat and meat products on the Ukrainian market

Keywords: poultry processing; producer; food product; production technology; food security;
animal husbandry

Introduction

According to the United Nations Population
Fund (2023), the world’s population was 8 bil-
lion in 2022. Due to the large number of people
and the constant increase in population, there
is a question of food supply, particularly meat
and meat products. A complete diet directly de-
pends on the consumption of animal protein.
The production of meat and products from it
also depends on the ability to produce and pre-
pare animal feed, the number of farms, the al-
location of land resources for raising livestock,
etc. Given this and the possible food insecurity
due to russian aggression, the study of produc-
tion volumes and trends in the development of
the meat industry market in Ukraine is relevant.

Animal Science and Food Technology. 2023. Vol. 14, No. 2

A. Teixeira & S. Rodriguez (2021) found
that the potential consumer is poorly informed
about the benefits of meat products, in particu-
lar, health products that are presented on the
market. The consumer does not always know
how meat is produced and processed, does not
pay attention to the physical and chemical
composition or nutritional value, and only uses
sensory assessment. As noted in the paper, the
potential market for healthy meat products can
only offer benefits for both healthcare and the
meat industry if consumers consciously accept
these products.

During the study of broiler meat production
in the world, it was found that the specific share
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of such meat from the total mass of chicken is
87-90%, and the production of chicken meat, in
general, is developing faster than the world’s
population is increasing (Vissers et al., 2019).
The United States of America (USA) occupies a
leading position in the world among the larg-
est producers of chicken meat, while Europe, in
order to improve its indicators, must optimise
existing capacities and increase production by
upgrading equipment and improving existing
technologies, because it has used the existing
reserve of land resources to build new produc-
tion facilities (Sakhatskyi & Abdullaieva, 2014).
There is a relationship between livestock
and food industries. Thus, the first one will ex-
perience some, and in some cases significant,
impact due to the reduction of livestock, farms,
and other enterprises for keeping animals. At
the same time, processing enterprises and pro-
ducers of finished products are increasing their
capacity by obtaining raw materials through
the slaughter of animals as a result of farm
liquidations. Processors import a significant
amount of raw materials, which negatively af-
fects the economic efficiency of domestic pro-
ducers. The lack of subsidies and other forms
of state support also negatively affects pro-
ducers in the meat industry. N.H. Kopytets &
V.M. Voloshyn (2020) note that during chang-
es and transformations in animal husband-
ry in Ukraine, processing enterprises should
respond in time and anticipate the negative
consequences with preventive measures. Ac-
cording to the researchers, poultry meat is the
most profitable in Ukraine due to the constant
investment in this industry and rapid payback
of funds, an increase in production areas, and
the demand of the country’s population.
Researchers from India (Srutee et al., 2022)
examined the issues of farm animal meat pro-
duction technologies and the challenges that
await the world’s population from consumption

in the future. According to the authors, due to
the growing demand for meat among the world’s
population, it is possible that in the future it will
not be possible to meet the demand for meat
in kind. With this in mind, they were looking
for alternative sources to replace the proteins
found in meat. One proposal was to replace
traditional animal meat with pure meat. This
is an opportunity to obtain meat from animals
without slaughter — by isolating the animal’s
cells and growing them in controlled growth
conditions and environments that mimic the
state in vivo. The meat and meat products pro-
duced using this technology are already on the
market and have been sold for the last 5 years.
Although consumer reviews are mixed about
such a product and it is still necessary to con-
sider a number of factors for the possibility of
full-fledged production, namely, the nutritional
properties, taste, shape, and structure of meat.

Considering the possibilities of meat pro-
duction and food manufacturing, the popula-
tion’s demand for certain types of meat and the
export opportunities of Ukraine, the question
of rational processing of meat for maximum
benefit and economic effect arises. In the food
industry, various methods of preserving raw
materials and food products, including meat,
are used to extend the shelf life. One of such
methods is drying. According to I. Pohozhykh et
al. (2012), it is best to dry high-grade veal with
a fat content of 1.2%, turkey meat, and those
types of meat that are characterised by a low
content of adipose tissue. These products have
higher nutritional and biological value and do
not require large storage areas. Researchers
also report that dried products have some func-
tional and technological properties and can be
used in the diets of geologists, athletes, and
military personnel.

L.V. Molokanova and 0O.0. Oreshyna (2015)
investigated the range of dried and cured

Animal Science and Food Technology. 2023. Vol. 14, No. 2




12

Analysis of the market of meat products in Ukraine

products made from various types of meat, which
is presented on the Ukrainian market. Accord-
ing to the results, as of 2015, the share of prod-
ucts from chicken meat was 33%, pork meat —
22%, beef — 16%, horse meat — 11%, lamb - 8%,
turkey - 6%, venison — 3%, and ostrich — 1%.

For the production of dried meat, raw ma-
terials should be low in fat, with high mois-
ture binding capacity and an optimal ratio
of muscle and connective tissues. Moreover,
the production of dried meat allows avoiding
some labour-intensive operations, reducing
the duration of the technological process, and
expanding the range of finished products (Po-
hozhykh et al., 2013). This is also one of the
most promising long-term storage products.

When developing new technologies for the
production of meat products, it is necessary
to consider changes in sensory characteristics
and nutritional value indicators. As noted by
I. Gémez et al. (2020), to obtain high indicators
of the finished product, it is necessary to use
combined processing and preservation tech-
nologies. At the same time, the production of
minimally processed products is relevant for
consumers. Some of the most popular and use-
ful methods of canning and production are dry
ageing (maturation of meat under controlled
conditions), drying (reducing the moisture con-
tent of meat to extend the shelf life), fermen-
tation (products with average moisture content
and long shelf life) (Gomez et al., 2020).

The purpose of this study was to analyse
and systematise the Ukrainian market for the
production of meat and meat products from
various raw materials to determine promising
areas for processing meat raw materials for the
development of new products.

Materials and Methods

The materials of the study were scientific, tech-
nical, and official statistical information, which

Animal Science and Food Technology. 2023. Vol. 14, No. 2

was analysed and synthesised using the meth-
ods of theoretical and statistical research. The
study was conducted within the framework of
the dissertation research “Improvement of the
technology for the production of meat delicacies
using bee products” on the basis of the Faculty
of food technologies and quality management
of the agricultural products of the National
University of Life and Environmental Sciences
of Ukraine during October 2022-January 2023.

General methods and techniques were
used, namely, abstract and logical methods:
induction and deduction, analysis, synthesis,
analogy, and comparison. Scientific and techni-
cal literature from the Scopus, Web of Science
and Google Scholar databases was reviewed;
regulatory and technical information from rel-
evant institutions, organisations, and depart-
ments, in particular, the Ministry of Agrarian
Policy and Food of Ukraine, the Ministry of
Economy of Ukraine, the National Academy of
Agrarian Sciences (NAAS) of Ukraine, the Insti-
tute of Food Resources of the NAAS of Ukraine,
the State statistics service of Ukraine, etc. Ab-
stract and logical methods were used to process
theoretical information and analyse the actu-
al situation regarding the general state of the
meat and meat products market in Ukraine, and
form tasks and conclusions of the study.

Keywords for the search of necessary in-
formation and data were: industrial produc-
tion, food production, chicken meat, beef, pork,
meat market in Ukraine, meat production in the
world, export and import of meat, food indus-
try enterprises of Ukraine, production volume,
breeding of farm animals.

The data was received upon request from
the State Statistics Service of Ukraine (2023).
Statistical evaluation and comparison of the
obtained data were processed using the built-
in MS Excel statistical function package and are
presented in Figures 1-7.
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Data collection and analysis were applied
to the production and processing of meat in-
dustry products, namely: the production of
meat and meat products, including poultry
meat and products made from it. Methods of
analysis, synthesis, and comparison were used
to investigate wholesale and retail trade in
meat and meat products in Ukraine, including
in specialised stores for the period 2014-2021.
Data assessment and analysis were applied
to information on the number of employees
involved in the production of food products
(including beverages and tobacco products)
on a monthly basis over the past five years.
The comparison was used to examine the lev-
el of production of chicken, pork, beef, and

veal in 2017, 2019-2021 in Ukraine. Methods
of analogy, comparison, analysis, and syn-
thesis were used to determine the number of
existing business entities for the production
of food products: meat (including poultry)
and meat products in 2014-2020 in Ukraine.

Results

Breeding of agricultural animals by species

The production of meat and meat products di-
rectly depends on the number of animals kept
in farms, industrial enterprises, or households.
Figure 1 shows the number of farm animals
(thousand units) that were kept by Ukrainian
enterprises, namely cattle, in particular cows
and pigs, for the period 2018.

m 2018 = 2019 m 2020 = 2021 m 2022
7000
5970.8 5910 5752.7
6000 5600.8 5558.6
5000
4000 3372.1
3510.8 3136.9
3000 2891.9 9704 <
1999.6
1914 1662.1
2000 1792 5507
0 R .
Bovine cattle Incl. cows Pigs
m 2018 3510.8 1999.6 5970.8
2019 3372.1 1914 5910
® 2020 3136.9 1792 5600.8
m 2021 2891.9 1662.1 5752.7
m 2022 2704.3 1552.7 5558.6

Figure 1. Number of farm animals, thousand units

Source: State statistics service of Ukraine (2023)

As can be seen from Figure 1, the situation
with the number of cattle, including cows, over
the past five years is complex and the number
of animals is systematically decreasing. Since
2018, the number of cattle has decreased by
23%, and the number of cows has decreased by

22%. The reason for this phenomenon is the
unprofitable breeding and keeping of animals,
high-cost feed, and the high cost of veterinary
drugs in this area. As a result, the price of meat
which does not find much demand among buy-
ers also increases. Regarding the situation with
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the number of pigs, from 2018 to 2022, the
number of pigs at Ukrainian enterprises de-
creased by 6.9%. Although there was a slight
improvement in 2021, the number of pigs in-
creased by 2.7% compared to 2020. Pork pro-
duction in Ukraine is in second place among the
production of various types of meat, although
there is also a downward trend in the number of
livestock. According to data and observations,
this is conditioned by the unwillingness of

m 2018
211530.7 193940.4
250000
199988.2 192502.5 223807 9
207613.8
200000
150000
100000
50000
February 1
m 2018 199988.2
2019 207613.8
m 2020 211530.7
m 2021 192502.5
w2022 193940.4

producers to engage in the cultivation and
breeding of animals, periodic disease strains
that require the destruction of all pigs, and high
prices for maintenance and feeding.

Figure 2 shows the number of animal units
of domestic poultry for the analysed period -
2018-2022. The number of poultry at the end of
each study year is determined and presented as
the largest and smallest number of birds during
the year.

2019 w2020 m2021 m2022

217632.2
\ 231118 6 222635.9 Z321782618925 2
I i)663 7 I I

June 1 December 1
223807.9 222635.9
234564.8 232178.6
231118.6 218925.2
220663.7 217632.2

Figure 2. Number of poultry, thousand units

Source: State statistics service of Ukraine (2023)

Based on the data obtained from Figure 2,
the largest number of poultry was kept in June,
and the smallest — in February. Analysing the
number of animals units at the end of the year
(December), from 2018 to 2021, a decrease in
the number of poultry was recorded by 5,003.7
thousand units (or 2.24%). As of 1 June 2019,
the number of cows was 10,756.9 thousand
more (4.8%), and in 2020 - by 7,310.7 thousand
more (3.3%) compared to 1 June 2018. The State
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statistics service of Ukraine has not yet released
data since March 2022, but it is expected to dra-
matically reduce the number of poultry due to
the full-scale invasion and war unleashed by
the russian federation against Ukraine and the
destruction of some of the largest poultry farms
in Ukraine, where 4.4 million animals died (In
Donetsk region...,
of 12 billion..., 2022). Nevertheless, considering
the indicators of previous years and prospects

2022; Rising prices and a loss
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for the development and recovery of the poultry
industry, it can be considered as promising and
necessary for the Ukrainian market.

Production
and sales volumes of meat products
When analysing the meat industry, it was im-
portant to consider the number of operating

H Production of meat and meat products

2500 n
H Production of poultry meat
2000 1982
1500
1221
1074 1000
1000
16 73 19
500
78 88 99
0 | | | ||
2014 2015 2016 2017

business entities in Ukraine (Fig. 3) by catego-
ries: meat production, meat products produc-
tion, and poultry meat production. The anal-
ysis was carried out for the period 2014-2021.
It is determined in which year there were more
business entities for the production of meat
and meat products and how much the indica-
tors have changed as of 2021.

Production of meat

B Production of meat products

1707 1726 1737 1710

951 963 951 953 934
23 47 73 74 73
10 97 10 11 10
|| || || | ||

2018 2019 2020 2021

Figure 3. Number of operating business entities in 2010-2021

Source: State statistics service of Ukraine (2023)

Figure 3 shows that the largest number of
business entities engaged in the production of
meat and meat products was in 2015, and in the
production of meat in 2020, with a difference of
1 entity compared to 2015, 2019, and 2021, in
the production of meat products in 2015, and
in the production of poultry meat in 2020. In
general, during the analysed period, the differ-
ence by year was insignificant, so the number
of business entities for the production of meat
and meat products in comparison with 2014 de-
creased by 58 (3.3%) and by 140 (13%) for the
production of meat products, but increased by
25 (32%) for the production of poultry meat
and by 57 (9.3%) for production of meat. Giv-
en the dynamics of creating new business

entities, it is obvious that the production of
meat and poultry meat is promising for profit.

The economy of each country depends on
many factors, including the production of in-
dustrial products. The country’s food security
also depends on the production of basic ne-
cessities and food products in general. Ukraine
has always occupied one of the leading places
in the world in providing the population with
agricultural and food products, so it plays an
indirect role in global food security.

An analysis and comparison of the pro-
duction of industrial products by type was
carried out, namely, the production of chick-
en and chicken meat, pork, beef, and veal
(Fig. 4).
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1075120.1

I 135961.6
I 1075336.9
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[ 380719.3

Chicken meat

m 2021 1135961.6
2020 1075120.1

m 2019 1075336.9

m 2017 969409

Figure 4. Production of indu
Source: State statistics service of Ukraine (2023)

A positive trend is observed in the pro-
duction of chicken meat and pork, the oppo-
site situation is observed in the production of
beef and veal. Thus, during the study period
(2017-2021), the production of chicken meat,
namely fresh, chilled, and frozen, increased
by 166,552.6 tonnes (or 17%); the produc-
tion of pork (fresh, chilled, frozen, salted, in
brine, dried or smoked) increased by 94,962.3
tonnes (33%); the production of beef and veal
(fresh, chilled, frozen, salted, in brine, dried
and smoked) has the negative indicator and
their production decreased by 22,042.7 tonnes
(27.8%). The correlation between beef and veal
production indicators is associated with a de-
crease in the maintenance of cattle in farms
of various capacities and forms of ownership
in the livestock industry. High figures in terms
of the number of poultry and chicken products
produced once again confirm the prospects for
choosing such raw materials when developing
new products and improving existing poultry
processing technologies for food needs.
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strial meat products by year, t

The profitability of any production is al-
ways measured in monetary terms. An increase
in the volume of products produced does not
always lead to additional profit. Therefore, the
volume of products produced by business enti-
ties in 2014-2020 per thousand UAH was stud-
ied. The same groups were chosen for compari-
son as in the previous times: production of meat
and meat products, production of meat, pro-
duction of poultry, and food production in gen-
eral. The results obtained are shown in Figure 5.

Considering the data obtained, the volume
of food production has been constantly growing
since 2014. Thus, as of the end 0of 2020, compared
to 2014, the volume of food products produced
increased by UAH 311,538,053.4 thousand (or
by 122%). However, in terms of the US dollar,
the increase reaches only 23%, which indicates
a high level of inflation. Regarding the produc-
tion of meat and meat products, a significant
increase in the volume of products produced
occurred in 2017 (compared to 2016) — almost
2 times (98%). As of the end of 2020, compared
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to 2014, the volume of meat and meat products
produced increased by UAH 60,525,406 thou-
sand (or 183%). Again, in terms of the US dollar,
the increase reaches only 57%. A positive trend
is noted in the increase in the volume of pro-
duction of poultry meat in thousands of UAH.
During the study period, the volume of poul-
try meat products produced increased by UAH
29,527,733.6 thousand (or by 253.5%). In terms
of the US dollar, the increase over seven years
reaches 96%, that is, 2 times. For comparison,
the volume of meat production during this pe-
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316284177

255274009.5

86657425.9
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food production production of meat and

meat products

riod increased by UAH 16,398,630 thousand
(or 286.7%), which is 115% in terms of the US
dollar. But the category of meat production in-
cludes beef, veal, pork, horse meat, lamb, and
goat meat, and the category of poultry meat in-
cludes chicken, turkey, and geese. Based on the
results, the production and processing of poul-
try products, including chicken, will generate a
more stable and constant income. Ultimately,
the cost of production and processing of this
product is lower compared to other types of
meat and it will have a lower cost for consumers.
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Figure 5. Volume of products produced by business entities in 2014-2020, thous. UAH

Source: State statistics service of Ukraine (2023)

Information on trade in meat and meat
products produced in Ukraine was analysed and
systematised. The data obtained are shown in
Figure 6.

The manufactured products, namely meat
and meat products, were sold through whole-

sale and retail trade in specialised enterprises.
The manufactured products were sold both on
the domestic market of Ukraine and were ex-
ported to different countries of the world. Re-
tail trade in meat and meat products occupies
only 7-9% of wholesale trade and is sold mainly
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in branded stores of manufacturers. In accord- trade is also growing, which is equivalent to
ance with the growth in production volumes, thousands of UAH.
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Figure 6. Trade in meat and meat products, thous. UAH
Source: State statistics service of Ukraine (2023)
Volumes of labour resources employees involved in the food industry. The
of food industry enterprises average number of full-time employees in-

The production of any product directly de- volved in the production of food products (in-
pends on the employees involved in it, so it cluding beverages and tobacco products) by
was important to determine the number of month is shown in Figure 7.
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Figure 7. Average number of full-time employees involved
in the production of food, beverages, and tobacco products, thous. people
Source: State statistics service of Ukraine (2023)
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As can be seen from Figure 7, during each
study year, there was a significant turnover of
full-time employees who were involved in the
production of food, beverages, and tobacco
products. On average, at the beginning and end
of the year, the difference between full-time
employees is approximately 2-4%. The highest
number of employees was recorded in March,
July, and October. This is due to the perfor-
mance of seasonal work, individual and special-
ised orders. The average number of employees
by year was as follows: 2021 — 277,583 thousand
people, 2020 - 285,466 thousand people, 2019 -
292.9 thousand people, 2018 - 275,242 thou-
sand people, 2017 - 280,033 thousand people.
Based on these data, there is a general trend
towards a constant reduction in the number of
employees (not including the figures for 2019).
A number of factors contributed to the insta-
bility in providing people with jobs, including
the COVID-19 pandemic and quarantine re-
strictions, low wages, the transition to auto-
mated production, hard physical and mental
work (slaughterhouses), etc. As for the infor-
mation for 2022, the State statistics service of
Ukraine has not yet provided it, but a significant
reduction in employees is expected due to the
full-scale war of the russian federation against
Ukraine, the closure and destruction of indus-
try enterprises, the relocation of enterprises,
including abroad, the transition to partial or
fully automated production. Considering the
data obtained, enterprises can anticipate vari-
ous risk factors that they may encounter dur-
ing their own activities: rely mainly on human
labour to provide the necessary conditions for
employees to minimise the flow of personnel,
or develop the company’s activities with a min-
imum number of employees, where the main
work can be performed using equipment and
not be dependent on providing employees.

Discussion

Analysing the research on the general situation
of the state and production of the meat indus-
try in Ukraine, it was also appropriate to con-
sider the work of researchers who also studied
such issues. Meat production is increasing, so
over 50 years, the world’s stocks of chickens and
pigs have increased by 5 and 2.5 times, respec-
tively. In Asia, meat consumption increased 15-
fold during this period, while the population in-
creased 2.6-fold.Itis proposed touse more stable
vegetable proteins in human diets in conditions
where animal protein is not necessary and is of
little use. This will reduce meat consumption
in the future and at the same time greenhouse
gas emissions, air pollution, water use, water
pollution, and the incidence of major non-
communicable diseases in developed countries
(Poore & Nemecek, 2018; Espinosa et al., 2020).

Considering the fact that meat production
in Ukraine cannot fully provide the population
with products, including due to its high cost, it
is advisable to use animal protein substitutes to
provide the body with the necessary nutrients —
soybeans, beans, nuts, and dairy products.
S. Grygoryev (2016) investigated the cost of
poultry production in Europe, Africa, Asia, and
America in comparison with Ukraine, and the
impact of this indicator on competitiveness. The
most expensive item in the production of poultry
meat is feed costs, which in some places amount
to up to 70%. Considering the cost price, the
most expensive poultry meat production among
the EU countries is Denmark and Italy, and the
cheapest in Poland and Hungary. Among other
countries, Argentina and Brazil have a lower
cost of poultry production compared to Poland.
Ukraine is one of the countries with the lowest
cost of poultry meat production in the world.

Exports of meat and meat products from
Ukraine increased after the country joined the
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World Trade Organisation. However, A. Berher
(2020) notes that unresolved problems in the
development of meat and meat products pro-
ducers are non-compliance of products with
international quality and safety standards, in-
sufficient state support for the sector, and low
level of exports of some meat raw materials, in
particular beef and pork.

A significant share in the consumption and
export of meat in Ukraine is occupied by chicken,
aswell as cheap types of meat and meat products
are in great demand. The largest producer of
chicken meat and chicken products in Ukraine,
in addition to raising chickens and producing
meat, also produces frozen semi-finished meat
products and frozen culinary products, which
it supplies to the international market and in-
creases exports every year (Kovinko et al., 2016).

AV. Harbar & R.L. Susol (2021) investigat-
ed the possibility of increasing the production
of beef and, accordingly, beef meat products in
the conditions of the south of Ukraine. They
developed a technology for feeding young ani-
mals, where, subject to all the requirements and
recommendations, it was possible to get a live
weight of 500 kg of super-replacement stock
within a year. According to the authors, Ukrain-
ians do not have a clearly defined culture of beef
consumption, especially in its natural form, and
in most cases only in a deeply processed form.
Moreover, due to the high cost of beef and veal,
the population of Ukraine prefers poultry and
pork. In addition, beef cattle breeding is only
at the initial stage of its development, because
the share of cattle of meat breeds in livestock
enterprises is only 5% of the total number of
livestock (Kozak & Hryshchenko, 2019).

Meat and meat products are essential for
maintaining a healthy lifestyle and contain
essential elements. In comparison with many
countries of the world, where the production
of cattle meat is a profitable and promising
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business area, in Ukraine such production is un-
profitable. Insufficient investment and subsi-
dies from the state in the sector of keeping cat-
tle by enterprises and producing beef and veal
meat lead to catastrophic consequences that
may even threaten the country’s food security
(Koshel, 2019). Measures to stimulate domestic
pork consumption in Ukraine were investigat-
ed by S.Yu. Sokolyuk et al. (2022). According to
the researchers, Ukrainians consume 30-40%
less meat than residents of the European Com-
monwealth countries. The main problems that
hinder the progressive functioning of the meat
processing complex are the disparity in produc-
tion prices and the ability of the population to
buy products, the decline in production, infla-
tionary processes, etc. For sustainable and effi-
cient pork production in Ukraine, it is necessary
to introduce economic management at enter-
prises. V.M. Lesyk & N.O. Kovalenko (2018) note
that the main management process should con-
sist not only of production aspects, but also of
the entire activity of the enterprise. Research-
ers also note that an intensive approach to the
development of the enterprise will contribute
to a gradual increase in production capacity
and increase the productivity of animals, which
will provide more meat. The current state of
pork production in Ukraine has been studied
by I. Chernyshov and M. Levchenko (2018). Ac-
cording to their research, under the influence of
imperfect economic conditions of production,
the pig industry is in decline. The authors argue
that Ukraine is on the verge of a critical bor-
der of food security due to a multiple decline
in pork production and low consumption by
the population. L. Stepasiuk (2019), like most
researchers, when studying pork production in
Ukraine, notes the urgent need for state regula-
tion and intervention in solving the problem of
the unprofitability of the industry. In addition,
there are problems in providing the population
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with high-quality and safe products, ensuring
food security of the state and the economic ef-
ficiency of pork production. Summarising the
analysed statistical data and results of other re-
searchers, the development of pig breeding has
stopped and pork production has decreased.

O. Dovgal (2020) investigated the meat
and food sub-complex of the agro-industrial
complex. The researcher notes that due to the
import of live animals, meat raw materials and
products, offal, and other products of animal
processing, the need for Ukrainian industrial
enterprises to form and support the develop-
ment of their own raw material zones is re-
duced. In addition, the expansion and monop-
olisation of the market by agriholdings, which
are mostly focused on the foreign market, pose
a threat to the stability of domestic supply of
meat and meat products.

According to the S.A. Seheda (2020), in
Ukraine the decline of certain livestock in-
dustries is caused by different consumption of
meat and meat products by the population and
non-compliance with the rational consump-
tion rate. The main factor in the consumption
of meat and meat products is the level of wag-
es of the population. Accordingly, with the in-
crease in income, the consumption of products
increases significantly, which has a positive
impact on the overall development of produc-
tion. The decline in the number of livestock and
the production of meat and meat products has
a negative impact not only on the agricultur-
al sector but also on the provision of afforda-
ble meat products to the population. L. Fushtei
(2020) notes that it is the meat market that is
strategically important and significant for en-
suring the food security of the state. In Ukraine,
only poultry production is actively develop-
ing among the products of the meat and food
sub-complex, which occupies a predominant
share. A significant share of pork, beef, and veal

production is concentrated in households. The
increased production of meat and meat prod-
ucts is conditioned by a significant reduction in
the number of cattle and pigs (Fushtei, 2019).

For many years, scientists have been try-
ing to create meat using the laboratory method
(Sharma & Kaur, 2015; Mayhall, 2019; Van Loo
et al., 2020), which could replace natural prod-
ucts from farm animals. In 2013, the world’s first
laboratory hamburger made from muscle cells
was created. However, the developed sample
could not be scaled to an industrial scale due to
its high cost of USD 300,000 and the imperfec-
tion of the meat itself. The researchers devel-
oped and discussed the design of micro-carriers
for skeletal muscle cell proliferation and then
for meat production (Bodiou et al., 2020).

One of the factors that affected global
meat production, supply chain, and prices was
the COVID-19 pandemic. One of the reasons for
the massive rise in the price of raw materials
and meat products, the researchers cite panic
purchases at the beginning of the pandemic
and a decrease in meat production. M. Ijaz et
al. (2021) noted that a large number of meat
processing plants began to close due to worker
illness, and also due to workforce reductions,
restrictions on the movement of animals with-
in countries, and changes in local and interna-
tional export market regulations. Integration
between all stakeholders in the meat industry
is essential to ensure the sustainability of the
supply chain and avoid similar challenges in the
future. According to the authors of this study,
Ukraine also recorded a rise in the price of meat
and meat products during the beginning of the
pandemic, as well as problems in ensuring the
full functioning of industry enterprises.

Researchers from around the world, in par-
ticular, the United States, England, Sweden, and
Norway, have studied infectious diseases that
arise from the consumption of animal meat
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and the role of animal husbandry and meat
production in the spread of infectious diseases
(Tschofen et al., 2019; Willett et al., 2019). They
note that raising animals and producing meat
in households most often leads to infection
and transmission of diseases. The research-
ers also described various infectious diseases
that negatively affect meat production, and,
accordingly, the economy of countries and the
environment. Infectious diseases are one of the
reasons that lead to a reduction in the produc-
tion and consumption of meat and meat prod-
ucts. The main changes that help to control the
situation and respond to any risks in a timely
manner are the adoption of a number of laws
of Ukraine, namely Law of Ukraine No. 771/97.
“On Basic Principles and Requirements for
Food Safety and Quality” (2023), Law of Ukraine
No. 2498-XII. “On veterinary medicine. Law of
Ukraine 2498-XII” (2023). Given the results of
researchers from Ukraine and around the world,
which have been analysed and discussed in this
paper, as well as the results of this study, the
issue of meat and meat products production
and the development of the meat industry, in
general, is of utmost importance. The papers by
the above-mentioned researchers coincide with
the data obtained in this study on the reduc-
tion of certain types of farm animals, filling the
market with cheaper products, obtaining large
production volumes due to the introduction
of resource-saving technologies and increas-
ing animal productivity, and monopolising the
market in certain areas of the meat industry.

Conclusions

In the course of the study, the current state of
meat and meat products production in Ukraine,
the volume of goods produced, and the num-
ber of full-time employees for food production
were analysed and evaluated. It was determined
how many business entities in various spheres
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of economic activity were valid on the territory
of Ukraine, data on the number of farm animals
at Ukrainian enterprises and how the products
are sold were presented. As for the number of
agricultural animals kept by Ukrainian enter-
prises, their number has significantly decreased
in recent years. The worst situation is observed
with the rearing of cattle and, accordingly, the
production of beef and veal. The results ob-
tained also coincide with the findings of a num-
ber of researchers. Thus, over the past 5 years,
the number of cattle, including cows, has de-
creased by 23%, pigs — by 6.9%, and poultry — by
2.4%, despite the best indicators and prospects
among other agricultural animals. Investigat-
ing the production of industrial products by in-
dividual types, it was found that the production
of chicken and chicken meat increased by 17%,
pork production increased by 33%, and beef and
veal production decreased by 27.8%. In some
cases, production increased due to a sharp de-
crease in the number of animals and sending
them for processing.

The volume of manufactured products,
namely food, meat and meat products, and
poultry meat, measured in thousands of UAH,
increased from 98% to 122% over the 2014-2020
period, and in some cases even up to 253% and
286%. However, in terms of the US dollar, these
indicators range from 23-57%, 96-115%. This
indicates a high level of inflation during these
years. Regarding the introduction of technolo-
gies for creating meat by laboratory method in
Ukraine to provide the domestic market with
meat products, the authors suggest that this is
impractical. And given the results of the study
and the socio-economic situation of the country
as a whole, it is irrational and unrealistic. It is
important to establish the production of certain
types of products at existing facilities, intro-
duce the latest technologies to ensure contin-
uous production, control the quality and safety
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of products in accordance with international
standards, and help at the state level to stabilise
the situation in the field of animal husband-
ry and production of meat and meat products.

In general, the production and trade of
meat and meat products in Ukraine has great
potential, due to the large reserves of land re-
sources for growing animal feed, keeping farm
animals on farms, industrial enterprises or
households, and the possibility of building new
facilities for the production and processing of
livestock products and the manufacture of new
food products. It is important to prevent the ev-
er-increasing unprofitability and the possibility
of the disappearance at the industrial levels of
certain areas of animal husbandry, in particu-

the proper functioning of the agro-industrial
complex will have a decisive place in ensuring
food security in Ukraine.

It is appropriate to conduct future studies
on the properties of chicken meat, as the most
common on the Ukrainian market and promis-
ing in terms of production in the future. It will
also be relevant to investigate changes in the
structure and properties of chicken meat due to
the influence of various methods of processing
raw materials. Studies on the possibility of im-
proving production technologies through the
use of combined technologies to extend the
shelf life of products and their use in special-
ised food will be promising.

lar, bovine cattle and pigs; transformation of Acknowledgements
poultry production into monopolistic market  None.
ownership. Consideration of the recommenda-
tions of scientists and an effective and rational Conflict of Interest
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AHoranis. M’sico Ta M’ICHi MPOAYKTM € OMHMMM i3 OCHOBHMX ITPOAYKTIB pallioHy JIIOAUHMA, 1[0 B
CBOEMY CKJIafi MicTATbh HeoOXifmHi 6iosOTiuHi Ta MOXMBHI PEUOBMHM, MAKpPO Ta MiKpOeIeMeHTH,
SIKi BaKJIMBI JJIs1 TIOBHOLIHHOTO GYHKLIOHYBaHHSI OpraHismy jofmuHKu. Yepe3 3HAUHMI BILIUB
Ha HaBKOJMIIHE CepefoBMIlE, IOB’SI3aHe 3 MPOMUCIOBUM BUPOOHMIITBOM M’Sca y TMOEIHAHHI
3 TIOCTiffHO 3pPOCTAlOUMM HaceleHHSM CBiTy, aKTyaJbHUM € AOCTi[IKEHHS [il04Yoro CTaHy Ta
BUPOGHUIITBA M’SICHOI POMMCIIOBOCTI. MeTolo po60TH 6Y/I0 BU3HAUMTH OOCSTYU Ta MOSKIMBOCTI
BMPOOHMIITBA OKPEMMX BUAIB M’sica Ta M’SICHOI MpOAyKuii B VkpaiHi, IXHIO 4acTKy Ha PUHKY,
TePCIIeKTMBY MO0 BUPOOHMUIITBA B MailbyTHbOMY, MOXK/IMBICTb 3a6e3IeuyBaTy MiAIIPMEMCTBA
Xap4yoBOi MPOMMCIOBOCTi CMPOBUHOIO JIJISI BUPOOHUIITBA HOBUX XapUOBUX MTPOAYKTIB. BUKOHAHHS
pO6OTH 3AifICHIOBAIM 3a JOTIOMOTOI0 aHalTi3y HAyKOBOi Ta HOPMAaTMBHO-TEXHIUHOI JiTepaTypu,
MIPOBeJeHHSI CTaTUCTUYHOrO OIiHIOBAHHS JAaHMX Ta IOPiBHSHHS OTPMMAaHMUX pe3y/lbTaTiB 3
JIOCTiIPKeHHSIMY iHIIMX HayKOBLiB. AHa/Ii3 IPOMUCJIOBOCTI BKa3ye Ha 3aHera]i OKpeMMX HalpsiMiB
y TBapMHHUIITBi, 30KpeMa BupolryBaHHsS BPX Ta BMpPOOGHUIITBA M’sica, M’SICHUX ITPOAYKTIB 3
SUIOBUYVMHY Ta TEJIITVHM; 3MEHIIeHHS KiJTbKOCTi CiJIbCbKOTOCITOAAPChbKMX TBAPUH, a came Ha 23 %
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BPX, 6,9 % cBuHeii Ta 2,4 % cBijicbKoi nTulli. 3a aHa/i30BaHMii ITepiof BUPOOHMUILITBO M’sica IITUIIL
3pocio Ha 17 %, a KinbKicTb cy6’eKTiB rocrofapoBanHs 36imbmmnocs Ha 25 %. BogHouac Ha 27,8 %
3MEHLIWIOCS] BUDOOHUIITBO SVIOBMYMHM Ta TEMSITUHU, & BUPOOHUIITBO CBMHMHM 301/IbIINIIOCS HA
33 %. BpaxoByHOulM OTPMMaHi pe3ylbTaT € MOKIUBICTh Ge3mepebiiiHo 3a6e3rneuyBaTyt epepobHi
MiJIPUEMCTBA M’SICHOIO CMPOBYHOIO, @ CaMe KypsSTYMM M’SICOM JIJIst BUDOOHUIITBA M’SICHUX BUPOGiB,
TaKOX € aKTyaJIbHUM BIIPOBAIKEHHSI peCypco36epiralounx TeXHOJIOTii A1 OTPUMAaHHSI IPOAYKTY
3 MEHUIOI BTPaTOl0 Macu Ta Bigxomamm [ yac repepobiieHHs. Pe3ynbTaTi JOCTiIKEeHHS
MOKHA BMKOPMCTOBYBATM IiANIPMEMCTBAM ITiJl Yyac IJIAHYBAHHS BUITYCKY MPOMYKIIii Ha PUHOK,
PO3POO6IEHHST HOBUX PEIEeNTYP, IOCKOHATIEHHS iCHYIOUMX TEXHOJIOTii i BUPOOHUIITBA, PO3YMiHHS
TeH/IeHIIii Ta 06¢ATiB M’sica, Ta M’SICHUX MTPOAYKTiB Ha pUHKY YKpaiHu

KiiouoBi ciioBa: nmepepo6Ka ITHUIL; BUPOGHUK; XapuOBUil MPOMYKT; TEXHOJIOTISI BUPOGHUIITBA;
MIPOIOBO/IbYA Ge3TIeKa; TBAPUHHUIITBO
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Abstract. The relevance of the study is conditioned by the defining role of the stage of early
development in the ontogenesis of young fish in the formation of their growth rate potential.
The physiological and biochemical status of the body determines the adaptive capabilities of
hydrobionts, so the use of biologically active substances when rearing fish was chosen as one of
the vectors for improving the development parameters. The purpose of the study was to determine
the effectiveness of introducing technological elements (supplementary feeding, rearing) in
the early stages of the ontogenesis of young fish. The study was based on theoretical (analysis,
synthesis, comparison, modelling), experimental, and laboratory methods adopted in fisheries,
physicochemical studies. A clinical examination of fish, monitoring of growth rates, weight gain,
survival rate, and physiological state was carried out. The results show an increase in the viability
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of young fish, activation of metabolic processes, and improvement of blood morphological
and functional parameters. The average weight of fingerlings exceeded the parameters in the
control group for carp by 3.5% and for silver carp by 3.8%. The total number of red blood cells
in the silver carp experimental group was 7.4% higher than the control (p < 0.05), haemoglobin
content - by 4.7%, haematocrit — 9.9%. The total number of red blood cells in the blood of carp
in the experimental group was 4.9% higher, and the haemoglobin content was 3.1% higher than
in the control group. In the experimental group, the total protein content exceeded the value in
relation to the control group for silver carp by 15.9% (p<0.05), and for carp - by 23.9% (p<0.01).
Enzymatic activity in the experimental group was higher compared to the control group. The
proposed method of feeding helps increase the growth rate of fish. The practical value of the
study is to help improve qualitative and quantitative parameters, in particular, the biochemical
composition of the muscle part for carp and silver carp in samples in the experimental group in

comparison with control values

Keywords: functional status; hydrobionts; technological elements; resistance; rearing

Introduction

Rational fisheries management, both the ac-
tual aquatic bioresources and the potential of
fisheries enterprises, is one of the key aspects
in the context of effective compensation pro-
grammes for stocking and replenishment of
the ichthyofauna with resilient fish planting
material. Improvement of the strategy for the
development of fisheries, harmonisation of fish
production in natural and artificial reservoirs
with the maximum use of the potential of water
resources, and consideration of physiological,
ichthyological, and breeding aspects are dom-
inant vectors in this area. Therefore, complex
research on optimising technological elements
and rational use of industry resources come
to the fore (Buzevych, 2012; Bekh et al., 2014;
Heina et al., 2015). Rearing fish planting ma-
terial, increasing the level of resistance of the
body of hydrobionts to the influence of various
factors, and improving the development pa-
rameters of young fish are a prerequisite for the
promising and sustainable development of the
fisheries industry as a whole (Sen et al., 2017;
Honcharova et al., 2019; Tsurkan et al., 2019).

In the context of modern realities, many
studies focus on the need and expediency of
reloading individual elements and technologi-
cal systems of the fisheries industry. Moreover,
it should be borne in mind that the transfor-
mation of a number of parameters of differ-
ent nature: physicochemical, hydrobiological,
physiological and biochemical, ecological and
biological in aquatic ecosystems occurs in ac-
cordance with the adaptive capabilities of the
aquatic organism (Honcharova et al., 2021).
Aquatic ecosystems form a certain number of
parameters in accordance with climatic trans-
formations in modern conditions. At the same
time, the mechanisms of neuro-humoral reg-
ulation in the body of hydrobionts are aimed
at maintaining the parameters of homeostatic
balance. A single functional system in the body
of introduced hydrobionts or native ichthyo-
fauna should be aimed at regulating and ensur-
ing the constancy of vital parameters, increas-
ing adaptive capabilities, and in some cases, the
ability to globally rebuild a link of adaptive and
compensatory mechanisms in order to stabilise
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vital functions. Under stressful situations that
may be caused by the discrepancy between neu-
ro-humoral regulation on the influence of abi-
otic and biotic factors, the functional status of
the fish body will have a decrease in resistance
to negative effects, low development parame-
ters, and deterioration of the reproductive abil-
ity of hydrobionts. Under such conditions, it is
important to implement comprehensive system
solutions with a vector of corrective and mod-
elling effects on the fish body. In this context,
the course of metabolic processes in their body
forms qualitative and quantitative parameters:
the rate of development in ontogenesis, surviv-
al, productivity, etc. These aspects are among
the priorities in the development of strategic
programmes for optimising the production of
viable young fish for effective stocking of reser-
voirs of various shapes and purposes.

Some researchers emphasise the need for
rational use of water resources, harmonisation
of trophic relations, and qualitative and quanti-
tative parameters of fish against the background
of environmental conditions of a certain water
area (Sherman et al., 2017; Korzhov & Hon-
charova, 2020). Climatic transformations, tech-
nogenic load on ecosystems, rapid development
of technologies and their introduction into the
technological scheme often contribute to the
“discrepancy” of physiological and biochemical
mechanisms, and adaptive capabilities of the
body of hydrobionts. As a result, there is a chain
of consecutive changes: stress reactions in the
body of hydrobionts, a decrease in the indica-
tors of effective management of the industry,
irrational exploitation of resources, etc.

Under these conditions, one of the solution
cases is the need to reconstruct the ichthyofau-
na of water areas and develop certain compre-
hensive recommendations. In the conditions of
rearing and introducing resilient fish planting
material of commercial fish species, there are
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opportunities for successful implementation of
the programme to achieve positive results and
solve a considerable number of issues of fisher-
ies activities. Researchers provide informative
and objective data on a significant reduction in
fish planting material for carp stocking in wa-
ter areas, the need to review the main aspects
of strategic programmes for the development
of the fisheries industry. Given these aspects,
there is an urgent need to update the ichthy-
ofauna, thereby determining the topic and
relevance of research in this line (Buzevych &
Heina; 2019; Averchev et al., 2019; Shcherbak
et al., 2020).

Summarising these aspects, it is worth
noting the relevance of scientific and prac-
tical work in optimising certain elements at
the stage of rearing young hydrobionts. Given
that there is a rapid development of technolo-
gies, transformations in the context of abiotic
and biotic factors, and the body of hydrobi-
onts must adapt to the leading factors, studies
on the possibilities of improving the adaptive
capabilities of the body, activating metabolic
processes, improving the speed of development
of hydrobionts acquire practical and scientific
value. To achieve these objectives, the aim was
to study the influence of the technological fac-
tor on the main physiological and biochemical
parameters in the carp organism at the rearing
stage through a comprehensive study.

Literature Review

The researchers substantiate the importance of
increasing the production of fish planting ma-
terial in modern ecological and technological
conditions for the purpose of further stocking
of water areas, restoration of ichthyofauna, and
rational fisheries management of reservoirs for
various purposes (Shcherbak et al., 2020; Re-
gional report on the state of the environment of
the Kherson region 2001-2021, n.d.). Adaptive
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and compensatory mechanisms of hydrobionts
are rearranged in their body depending on the
abiotic and biotic factors of the environment
where they are located. Introduced hydrobi-
onts should occupy the corresponding trophic
niches of the aquatic environment. Admittedly,
it depends on the availability of the food re-
source of the aquatic ecosystem and their eco-
logical and biological characteristics. Rational
exploitation of water bodies, considering the
biological needs of water bodies, will ensure ef-
ficient fishery use of water areas (Buzevych &
Heina, 2019; Sherbak et al., 2020).

Given the practical value of the outlined
range of problems, the decisive role of optimis-
ing the technological and biological aspects of
fish farming can be noted, in particular, carp in
polyculture in the context of the growing cycle.
The researchers focus on revising the main pa-
rameters and technological aspects in the con-
ditions of modern climatic transformations, in-
cluding fish wintering and the stages of rearing
(Boychenko et al., 2016; Tsurkan, 2022). There
are authors who focus on the prospect of using
enzymatic compounds, prebiotics, and drugs
aimed at correcting the feed conversion rate
and improving the overall fish-biological indi-
cators (Hoseinifar et al., 2017; Ziétkowska et al.,
2020). However, it is important to consider the
bioavailability of each of the ingredients for the
body of hydrobionts, the specificity of action
and the features of physiological and biochemi-
cal processes. In this context, the issue of using
“environmentally friendly” substances as part
of additives or separately in aquaculture is rele-
vant. This method brings technological aspects
closer to “organic production”, which in mod-
ern conditions tends to increase demand among
producers of aquaculture products and consum-
ers. It is proposed to introduce various prob-
lem-solving cases at certain stages, when the
potential for the development of hydrobionts is

formed. In particular, the introduction of com-
ponents in the feeding of hydrobionts of active
substances are of natural origin, as close as pos-
sible to environmentally friendly ones. Promis-
ing results on the introduction of biologically
active, specially processed or non-traditional
components of the general diet of hydrobionts
in the general technological scheme are reflect-
ed by some researchers (Pivovarov et al., 2017;
Palamarchuk et al., 2018; Pratiwy et al., 2020).

The effectiveness of optimisation meas-
ures in the context of technological aspects is
ensured by comprehensive in-depth studies of
the environment for hydrobionts and condi-
tions of resource feed potential (Korzhov, 2020).
N.I. Kulbida (2004), O. Honcharova et al. (2021)
focused attention on the expediency of devel-
oping strategic solutions for restarting the fish-
eries sector, considering the impact of climate
parameter transformations both at the regional
and global levels (FAO, n.d.; Intergovernmental
Panel on Climate Change, n.d.).

Based on the above, there is a need to de-
velop and implement innovative and ecological
technology for the production of fish farming
products and rational operation of reservoirs.
Comprehensive optimisation measures of the
technology of rearing fish planting material, de-
pending on modern environmental and techno-
logical factors, will contribute to complement-
ing the general idea and successful search for
the optimal model for growing young fish. The
relevance of obtaining high-quality viable fish
planting material remains even in modern con-
ditions of development of the fisheries industry.

Materials and Methods

The research is focused on the main exper-
imental part of the component, which was
performed at the premises of the Department
of Water Bioresources and Aquaculture of
KSAU (Ukraine), laboratories at the Faculty of
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Fisheries and Nature Management of KSAU and
state institution (SI) “Kherson production and
experimental plant for breeding and rearing
young common freshwater fish. The Depart-
ment of Aquaculture of the National University
of Life and Environmental Sciences of Ukraine
(NUBIP) analysed and developed the feed mix-
ture, which, after the preparatory stage, was
transferred to the Department of Water Biore-
sources and Aquaculture of KSAU for the main
part of research: feeding and rearing carp in
an experimental study. Copyrights for the use
of technological elements of supplementary
feeding, the composition of the feed mixture,
and the use of a method to increase the viabil-
ity of young fish are secured by the authors of
developments of the Department of Water Bi-
oresources and Aquaculture of Kherson State
Agricultural University.

The fish diet was optimised in compliance
with generally accepted recommendations
(Zheltov, 2003; Hrytsyniak, 2007;). For the pro-
duction needs of the operation of pool systems,
a solar panel was used as an additional energy
source with the installation of elements for the
use of additional filtration in fish pools using
agricultural crops and materials capable of fil-
tering water coming from the reservoirs of the
system at a certain level. The developed scheme
for rearing fish planting material of young carp
Cyprinus carpio is proposed in polyculture with
a silver carp hybrid Hypophthalmichthys hybrid
was used in the research group. The results
were compared with the control group. Tech-
nological aspects of the experimental study are
as follows: a system of recirculation pools, for
the experiment, 250 m® tanks with appropriate
equipment, elements of filtration sections, a
built-in autonomous section (unit) for the cul-
tivation of microalgae with a timer for the cor-
rection of light and hydrochemical conditions.
All parameters were monitored systematically
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and recorded in the work log. In each tank, there
were Cyprinus carpio larvae for rearing in poly-
culture with Hypophthalmichthys hybrid with
initial weight up to 400 mg (average 0.325 mg).
When planting fish for rearing, samples of 260
specimens were selected into the formed groups
to analyse the parameters of the physiological
and biochemical state of their organism. Blood
and other biological samples were taken from
50 specimens (Dehtiarov, 2001). At the end of
the experimental study, the functional state of
the body of carp and silver carp fingerlings was
studied before and after stocking water areas.

At the beginning of the preparatory stage of
experimental work, the model basin system was
installed and tested in the conditions of labora-
tory research of KSAU and SI KPEP. Feeding at
various stages of fish ontogenesis was carried
out in accordance with the current standards
in fish farming. At the same time, the size and
dispersion of particles and granules were grad-
ually changed to increase their bioavailability.
At the time of the transition of fish larvae to
mixed nutrition, these components were intro-
duced gradually. They were cultivated in a bi-
oreactor, followed by filtration and processing.
The culture obtained from the mother liquor of
its own cultivation in a medium based on wa-
ter treatment was develop for introduction into
the fish diet based on the calculation of 1:3 and
1:2 working solution of S. Platensis: humic sub-
stances of a commercial preparation of 15 mg
per kg of feed, while the feed particles were
evenly distributed and sprayed. The technolog-
ical factor was thus a feed mixture and filtration
conditions involving not only classical energy
sources, but also alternative ones (solar panels).

The hydrochemical state of the tanks was
monitored according to standard parame-
ters based on the monitoring schedule. The
aquatic environment is a single ecosystem
for hydrobionts, which has a direct impact on
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the formation of all processes and the level of
functionality of their body. At this stage, mon-
itoring studies were carried out systematically
in accordance with the planned schedule, which
allowed analysing the trend towards changes
and fluctuations in each of them. Consequent-
ly, the temperature regime and the level of free
hydrogen ions (PH) had an average value of
24.3-24.4°C (with a gradual decrease) and 7.3
units. With the development and stabilisation
of the main homeostatic indicators of the body
of young fish Cyprinus carpio and Hypophthal-
michthys hybrid, the actual temperature value
was reduced to gradually adapt to hydrochem-
ical changes in parameters after stocking of al-
ready grown juveniles. The actual values of the
hydrochemical state for the leading parameters
were within the maximum permissible concen-
trations (MPC). At the time of the introduction
of the feed mixture, the pH of the aquatic envi-
ronment in the basins of the system fluctuated
slightly, which is a reasonable phenomenon,
the difference did not exceed 1.0 units. The ox-
ygen regime had an average value of 3.8-4.0 mg
0, against the background of nitrite concen-
tration NO-, 0.02-0.03 and nitrates NO-, 0.14-
0.15 mg N/dm3. In general, the hydrochemical
regime during the rearing of hydrobionts in
reservoirs created an ecosystem of the aquatic
environment optimal for the life of young fish
in terms of basic parameters.

In addition, in parallel with laboratory
studies, systematic sampling and monitoring
of hydrochemical parameters of the water area
where it was planned to carry out stocking of
reared young fish were carried out. During the
growing season, the average temperature of the
aquatic environment ranged from 20.8 reach-
ing peak maximum individual actual values of
28.2°C. The content of oxygen dissolved in wa-
ter ranged from 6.8 to 7.2 mg/dm?, at the same
time, the level of hydrogen ions pH was in the

range of 7.6-7.9 units, ammonium nitrogen had
values at the level of 0.3 to 0.4 mg/dm>. The
content of nitrites did not exceed the maxi-
mum permissible concentration of 0.001, and
nitrates — 0.4 mg N/dm?>.

The studies of the main parameters were
guided by generally accepted methods (Hryt-
syniak, 2001; Dehtiarov, 2001; Zheltov, 2003;
Arsan et al., 2006). All the necessary equipment
was available in the conditions of a certified lab-
oratory of KSAU, SI KPEP, ThermoMix was used
to transport biological samples. The functional
status of the fish body was assessed by the lead-
ing parameters of biological material: biochem-
ical analysis of samples to study the level of
enzymatic activity of alanine aminotransferase
(ALT), aspartate aminotransferase (AST), total
protein content, and glucose concentration was
carried out in the laboratory of the Department
of Water Bioresources and Aquaculture of KSAU
on the Humalyzer 3000 analyser using Human
GmbH unified kits. Catalase activity was deter-
mined by spectrophotometric method, based
on the ability of hydrogen peroxide to form a
stable colour with the reagent. Morphological
and functional parameters of blood (total num-
ber of red blood cells, white blood cells, hae-
moglobin content, corpuscular parameters of
blood) were analysed using standard methods
using test kits and counting method. Against
the background of the outlined parameters, the
ethology of hydrobionts was monitored during
the day. All manipulations with experimental
objects corresponded to the “European Con-
vention for the Protection of Vertebrate Ani-
mals Used for Experimental and Other Scientif-
ic Purposes” (1986).

Results and Discussion

The functional status of the fish body reflected
the course of metabolic processes and the level
of resistance to various environmental factors.
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Therefore, first of all, the hydrochemical regime
in the system of cultivation of research objects
should be noted. The results of monitoring the
rate of fish development are presented as a di-
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agram in Figure 1. The average weight of carp
and silver carp corresponded to the general rec-
ommendation parameters and was higher than
in the control group.

Control group

Experimental group

Hypophthalmichthys hybrid

Figure 1. Comparative analysis of development parameters
Cyprinus carpio and Hypophthalmichthys hybrid fingerlings, (M *m, n=260)

Source: developed by the author based on own research

In addition, against the background of high-
er development parameters, the survival rate of
hydrobionts in the experimental group after
feeding was higher than in the control group, as
evidenced by higher growth rates in the group
where the feed factor played the role of a stim-
ulator of metabolic processes. Admittedly, the
aquatic environment creates optimal or oppo-
site unfavourable conditions for the viability
of hydrobionts, maintaining the parameters of
theirhomeostatic equilibrium, however, the feed
factor also indirectly corrects these parameters.

Physiological and biochemical parameters
of the carp body in the experimental group,
where the juveniles were grown using sever-
al technological factors (improved filtration,

optimisation of feeding conditions), were not-
ed as the highest indicators in comparison with
the parameters of the control group. Since the
entire system functions in symbiosis, with a
certain appropriate reflection on the influence
of abiotic and abiotic factors, the carp blood
test is an informative and important study. It
informs about certain changes in neuro-hu-
moral regulation in the body of fish, which
affect the speed of development. The results
of the study of the leading morphological and
functional parameters of blood in fish in on-
togenesis allowed identifying the adaptive
capabilities of their body and assessing its
functional status under the conditions of using
technological factors (Table 1).

Table 1. Functional status of the body of carp fingerlings under the influence
of a technological factor a when rearing before stocking, (M*m, n=50)

Carp Cyprinus carpio

Silver carp Hypophthalmichthys hybrid

Parameters
Control group

Experimental group

Control group  Experimental group

Number of red

blood cells, T/1 2.25%0.031

2.36+0.092

2.29%0.039° 2.46%0.055
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Table 1. Continued

Carp Cyprinus carpio

Silver carp Hypophthalmichthys hybrid

Parameters

Control group  Experimental group Control group  Experimental group

Haemoglobin .
content, g/l 83.20£0.512 85.81+1.201 82.23+1.291 86.08+1.380

MCV, mkm? 142.38+2.308 161.97+3.355 140.65+1.953 158.50+3.279™
MCH, pg 37.07£0.414 36.64%1.481 35.91£0.675 35.15+1.030
MCHC, % 24.56£2.078 22.62%0.119 23.39£0.823 22.17%0.334
Glucose, mmol/1 17.89%0.625 18.10+1.425 14.92+1.218 15.03+0.716
Total protein, g/1 17.97£0.547 22.26%1.016™ 18.88£0.704 21.88+0.746°

Note: ® — technological factor - feeding of carp with feed mixture + improved rearing conditions; "0.05 (P <0.05);

“0.01 (P<0.01); " 0.01 (P<0.001)

Analysing the general picture of the lead-
ing parameters of homeostatic equilibrium in
the fish body, there is a complete correspond-
ence between the physiologically acceptable
actual values of blood parameters that were
studied for fish (Dehtiarov, 2001). However, the
course of metabolic processes under the con-
ditions of using the technological factor in the
experimental group was more active in relation
to the control parameters. This is actually evi-
denced by the higher indicators of the process-
es of haematopoiesis, synthesis, and accumu-
lation of body weight in young carp and silver
carp of the experimental group.

An increase in the content of red blood cells
and hemoglobin in the blood of carp and silver
carp confirms the activation of erythropoiesis
systems in their body with an improvement in
the respiratory surface of red blood cells. Each
of the parameters corrects a certain functional
system in the body, so the study of concentra-
tions, analysis of the difference between exper-
imental and control values provides an oppor-
tunity to more comprehensively consider the
influence of the factors under study and eval-
uate their effectiveness in introducing young
carp into the technological scheme of rearing.

As can be seen from the results presented
in Table 1, a high level of blood oxygenation

can be achieved due to a larger number of red
blood cells and an increase in the content of
haemoglobin in them, that is, its transport. It is
important to analyse and interpret the outlined
processes at the morphological level. Therefore,
the analysis of microcorpular blood parameters
is informative and provides an opportunity to
consider the parameters of haemoglobin con-
centration in cells, which will be discussed later
in the paper.

Based on the data in Table 1, the indicators
of the morphological and biochemical compo-
sition of blood are within the limits of physi-
ological norms. In the experimental groups,
there is an increase in red blood counts. Thus,
the total number of red blood cells in the fish
in the experimental group on silver carp signif-
icantly (p < 0.05) exceeded similar data in the
control group by 7.4%; the haemoglobin con-
tent — by 4.7%, respectively, the hematocrit was
also higher, the difference was 9.9%.

The study of morphological and functional
parameters of carp blood provided the follow-
ing results: the total number of red blood cells
in the blood of fish that received additional bio-
logically active components during feeding and
were reared under the conditions of additional
energy-saving elements in the technological
map was higher by 4.9% with a higher hae-
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moglobin concentration of 3.14% than in the
control group. The functionality of metabolic
processes also reflects the positive dynamics of
microcorpular parameters of blood: there is a
certain correlation with the content of red blood
cells, haematocrit, and one of the important
buffer systems — haemoglobin content. The ac-
tual value exceeded the parameters in the con-
trol samples of silver carp by 12.7% (p<0.001).
Morphological and functional parameters
according to the corpuscular index MCV in
the blood of carp in the experimental group
were 13.8% higher than in the control group.

The study of protein metabolism processes
in the body of experimental fish complements
the picture of the state of physiological and bi-
ochemical systems, in addition, it provides an
opportunity to analyse the course of synthetic
processes, the reserve of amino acids for pro-
tein synthesis in their body. Thus, in the ex-
perimental group, the total protein content
exceeded the value in relation to the control
group in the silver carp blood sample by 15.9%
(p < 0.05). The study of this parameter in the
carp group also showed higher values in the
experimental group by 23.9% (p < 0.01) in re-
lation to the control values. Analysis of blood
glucose concentrations in experimental and
control fish supplemented the study of meta-
bolic processes under the influence of abiotic
and biotic factors. Carbohydrate metabolism
provides the level of energy resources in the
body of hydrobionts, catabolic processes of car-
bohydrate metabolism. The concentration of
glucose depended on the level of activity of fish
against the background of the course of meta-
bolic processes. In the experimental group, this
parameter tended to have lower values relative
to the control. The parameters did not exceed
the maximum permissible physiological values,
however, attention should be paid to the ten-
dency to increase the concentration of glucose
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in the blood of fish of the control group, which
can identify as one of the options, the occur-
rence of a stressful state.

The parameters of metabolic processes
in the body of carp and silver carp fingerlings
were studied using one of the leading enzymat-
ic complexes: alanine aminotransferase (ALT)
and aspartate aminotransferase (AST). Since
ALT and AST provide an opportunity to analyse
the level of metabolic processes, in particular,
protein, carbohydrate and lipid, the function-
ing of organs and systems in the fish body. The
results of a study of protein metabolism activ-
ity, liver function, and resistance of young fish
under the influence of a technological factor
demonstrated that there was no significant dif-
ference between the groups. However, the level
of AST according to the measurement results in
the experimental groups significantly differed
from the values in the control group (P < 0.05).
The activity of the studied enzymes is widely
used in the analysis of the functional status
of the body as a whole, as a physiological and
biochemical indicator of resistance to stress
factors of various origins, and therefore, the
adaptive capabilities of the fish body. The ac-
tivity of the enzyme complex according to one
of the marker parameters - liver catalase in the
experimental group was higher than in the con-
trol group, both when sampling Cyprinus carpio
and Hypophthalmichthys hybrid.

Notably, at the end of the growing period
of hydrobionts, one of the important qualita-
tive and quantitative parameters is the chem-
ical composition of biological products. The
analysis of the muscle part of carp and silver
carp from the control and experimental groups
is shown in Figure 2. One of the most impor-
tant links is the quality of products delivered to
the average consumer. In the context of scien-
tific research concepts, the parameters of the
functional status of the fish body ensure the
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development of resistance of the body to the in-
fluence of abiotic and biotic factors, the growth
and development parameters in ontogenesis,
weight gain, output, etc. The analysis of the
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biochemical composition of the muscle part of
the selected carp samples showed a higher pro-
tein content of 4.5% and fat content of 6.4% in
the experimental group.
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Figure 2. Analysis of the muscle part of Cyprinus carpio (a), Hypophthalmichthys hybrid (b) under
the conditions of experimental research before and after stocking against the background of the
introduction of the supplementary feeding of fingerlings (M*m, n=50)

Source: developed by the author based on own research

The selected silver carp muscle samples
also had higher actual values in the experi-
mental group than in the control group. The
difference was in protein content of 4.8% and
fat content of 7.8%. Comparative analysis of the
biochemical composition of the muscular part
of carp and silver carp before stocking and after
stocking by grown young fish showed a positive
effect of introducing technological elements of
supplementary feeding and improving aspects
of fish cultivation.

It can be noted about the stimulating ef-
fect on the processes of growth and develop-
ment of hydrobionts under the conditions of
supplementary feeding in the early stages of

ontogenesis. Improving the parameters of
the morphometric composition of blood also
contributes to an increase in the growth rate
of cyprinids. This stage of development is cru-
cial for hydrobionts, since the potential for
the future is being developed. In particular,
the qualitative and quantitative parameters
of products in aquaculture directly depend on
the conditions of growing and feeding hydro-
bionts, and not just on their genetic potential.

Summarising the results of the experimen-
tal study, it is advisable to focus on the stim-
ulating, corrective effect of the feed mixture
when feeding young carp at the early stages of
ontogenesis. The non-aggressive effect of each
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of the elements contributes to the gradual re-
structuring of metabolic processes in the carp
body, which has an important physiological and
biochemical significance. Under the conditions
of a mismatch of action and reaction to abiotic
and biotic factors, stress reactions can occur in
hydrobionts. It was the combination of all the
components in the feed mixture that provided
a positive effect. It is known that certain com-
ponents, when ingested by aquatic organisms,
also have a catalytic effect.

The available literature contains informa-
tion reflecting the effectiveness of using mi-
croalgae and protein components in feeding
the general diet. Such substances, when ingest-
ed, contribute to the restructuring of individu-
al-level reactions, protein, carbohydrate, and li-
pid metabolism (Kovalenko & Polishchuk, 2018;
Bekh et al., 2020; Hryhorenko et al., 2021). How-
ever, against the background of the use of alter-
native energy sources, a successful combination
of all the components for feeding carp presented
in this paper was investigated for the first time.

S. Nagappan et al. (2021), analysing the ef-
fect of microalgae on the rate of development
of hydrobionts, note that a high concentration
of microalgae in feed can contribute to the op-
posite effect — inhibition of fish growth rate.
However, the researchers practised including
Arthospira biomass in fish meal. But the meth-
od proposed by the authors of this study pro-
vides for a separate use of the manufactured
feed mixture in the general economic diet. This
creates the possibility of symbiosis of the pro-
posed biologically active substances with the
effect of synergy, and not vice versa. In addi-
tion, there are judgments of some researchers,
supported by experimental studies, where the
effect of transformation of enzymatic activity
in fish was obtained under conditions of pro-
longed and uneven use of microalgae for feed-
ing as an additive (Dallaire et al., 2007). At the
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same time, emphasis is placed on the method of
microalgae cultivation, a certain type and ratio
of the proportion of components of natural feed
when feeding hydrobionts. The proposed meth-
od and ingredients of the feed mixture in this
sex do not affect the leading indicators, in par-
ticular morphological and functional param-
eters of blood and enzymatic activity in carp,
which is confirmed by the results obtained. In
the context of a comprehensive study of the ef-
fectiveness of using natural feed to increase the
resistance of fish organism, metabolic process-
es, enzymatic activity, and immunomodulatory
effect, it is possible to note the positive effect
of such components on metabolic processes in
fish. The Spirulina platensis and Isochrysis gal-
bana biomass function as prebiotics: when they
enter the body, they contribute to the develop-
ment of beneficial bacteria (Dineshbabu et al.,
2019). In numerous studies, it is mainly repre-
sented by monocomponent mixtures. Under the
conditions of the proposed method of increas-
ing the functional activity of the fish body, sev-
eral elements occur, in particular, biologically
active substances of humic nature, microalgae
S. Platensis. Thus, there is a complex effect of
such composites. Accordingly, the effect has
a wider range, covering neuro-humoral locus
processes in the fish body.

The information presented in the reviews
and research papers mentions low fermen-
tation and assimilation of microalgae such
as Chlorella sp., Nannochloropsis sp., which is
explained by the presence of non-starchy sub-
stances, rather rigid cell walls (Skrede et al.,
1998). Regarding S. Platensis, it can be noted
that it is included in the feed mixture in com-
bination with biologically active substances
of humic nature. In turn, humic substances
have a number of properties that support oth-
er components, after entering the body, indi-
vidual processes are restructured, activated,
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and corrected. Therefore, the additive proposed
in this paper to increase the viability of young
hydrobionts has a number of advantages among
already known composites.

The experimental results indicate that mi-
croalgae in the composition of supplements,
due to their high protein content, can be an
alternative to fish meal or a supplement to ad-
just the nutritional qualities of ingredients in
the general fish diet (Abdulrahman et al., 2018).
There are positive results on the example of
microalgae Chlorella regarding a significant in-
crease in the parameters of development in carp
ontogenesis. Q. Zhang et al. (2014) used 0.8%
chlorella, which increased the fish body weight
in the experimental group from 29.90 £ 0.08 to
63.75+1.96 g with WG 33.85%1.96 g, which was
higher than in the control group (P <0.05). At
the same time, previous studies have shown
that Chlorella can participate in the regulation
of adaptive and innate immunity, and increase
the level of immunoglobulins and enzymatic
activity in the carp body (Zhang et al., 2014).
Undoubtedly, each element of microalgae has
typical characteristics, and is active and effec-
tive under certain conditions of cultivation,
processing, and introduction to the general
economic diet. However, the results of experi-
mental studies present an unambiguously pos-
itive effect on the functional status of the body
of hydrobionts, in particular, physiological and
biochemical parameters, indicators of the rate
of development, and the yield of hydrobionts.

The results of such experiments on the
correction of feeding conditions are often
ambiguously interpreted, since the “mixing”
effect of other components and additives to
the diet occurs precisely in conditions of het-
erogeneity of the use of similar components by
other researchers. Therefore, considering this
effect, it is advisable to annotate the results of
the use of humic substances and spirulina with

positive dynamics in the context of optimising
the conditions for supplementary feeding and
growth of aquaculture objects.

Conclusions

Summing up the whole complex of results ob-
tained, it can be noted that the body of hyd-
robionts is a complete functional system that
shows a certain reaction to each factor. The
parameters of the development rate of fish
are adjusted with the main physiological and
biochemical processes in their body. Neurohu-
moral regulation of all vital functions reacts
reactively to the intake of biologically active
substances of various origins. The results ob-
tained demonstrate positive indicators of im-
provement in fish resistance to abiotic and bi-
otic factors. Annual stocking programmes will
be effective if viable carp juveniles are used
in polyculture. Based on generally accepted
classical methods of growing hydrobionts, it
is possible to improve individual links of the
technological process. The introduction of
such elements of the feed factor and the ele-
ment of technological operation of basin mod-
els in the context of the filtration system and
an additional element of alternative energy
sources contribute to the achievement of the
goals set. Young fish have a higher resistance
to the negative effects of abiotic and biotic
factors. In particular, the erythrocyte blood
picture reflects the course of positive func-
tional processes in the body of fish of the ex-
perimental group. As a result, the effective use
of the potential capabilities of the body of ex-
perimental carp youth and the best respiratory
function was noted, which positively affects
the development processes, body weight ac-
cumulation, and resistance to various factors.
The development potential positively corrects
the physiological and biological status, growth
rate, and output.
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Improvement of metabolic processes and
increase in the parameters of carp develop-
ment occurred as a result of transformations
and morpho-metric parameters of fish blood. In
particular, the total number of red blood cells
in the group where the technological factor un-
der study and its direct impact on the function-
al status of the organism exceeded the actual
values of the control parameters. In turn, this
was reflected in the corpuscular parameters of
the blood, the concentration of haemoglobin.
Consequently, synthetic processes in the body
of fish of the experimental group were more
active and effective in relation to carp from
the control group. Since the functional system

of metabolic processes, increasing the synthe-
sis of complex and simple compounds in the
body of hydrobionts, stabilisation, increased
resistance and development occurred in fish in
the experimental group.

Based on the results of the positive impact
of the studied factor on improving the viabil-
ity of young fish, the authors note the line of
future research that will provide a deeper un-
derstanding of the effectiveness. Consequently,
histological studies of biological material from
the control and experimental groups will com-
plement the understanding of the mechanism
of action of the feed mixture under study.
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AHoTauisg. AKTYaJIbHICTb JOCTIIPKeHHS 3yMOBJ/IeHa BM3HAUaIbHOIO POJIIIO €TaIly PAHHBOT'O PO3BUTKY
B OHTOTeHe3i MoJiofii pu6 nmpu popMyBaHHi ITOTEHIIiaTy iX HIBUIKOCTI pocTy. Dizionoro-6ioxiMiuHmii
CTaTyC OpraHi3My BM3HAYA€ afamTalliliHi MOXKIMBOCTI TifpOOiOHTIB, TOMY OIHMM i3 BEKTODiB
TIOJTIMIIIeHHSI TapaMeTpPiB pO3BUTKY 6y/10 06paHO BUKOPUCTAHHS 6i0JI0TiYHO aKTUBHUX PEUOBMH MTPU
MigpoieHHi. MeToo TocTimKeHHS 6y/10 BU3HAUEHHS e(DeKTUBHOCTI BIIPOBAIKEHHST TEXHOIOTTUHMUX
efleMeHTiB (MiAromiByi, MiAPOIIEHHS) Ha PaHHIX CTaisIX OHTOreHe3y Mojofi pub. JOCTimKeHHs
I'PYHTYBAJIOCh HA TEOPETUYHMX (aHAJi3, CMHTE3, TOPiBHSIHHS, MOJIe/TIOBAHHS) eKCIIepUMeHTaTbHUX,
71a60paTOPHMUX METOHAX, MIPUMHATUX Yy PUOGOTOCTIOAAPCHKUX, (DisMKO-XiMIUYHUX AOCTiAKeHHSIX. B
XOAi JOCTiIsKeHHS MPOBOAMBCS KITiHIUHMI OIS, pyb, KOHTPOJIb TEMITIB POCTY, MACOHAKOTIMYEHHS,
piBHS BUsKMBaHHS, (izionoriuHoro crany. Pe3ynbTaTyi 1eMOHCTPYIOTD MigBUIIEHHS SKUTTE3HATHOCTI
Monmoni pub, aKTMBAIiID MeTabOoNMiUYHMX TIPOLIECiB, TOJMIMIIeHHS MOpP}O-GYHKIIIOHATBHUX
rapaMeTpiB KpoBi. CepemHsl Maca I[bOTOJIITOK MepeBUINyBala MapaMeTpy B KOHTPOJbHIN rpyri
10 KOpOITy Ha 3,5 % Ta IO TOBCTOJIOOMKY Ha 3,8 %. 3arajibHa KiJIbKiCTb epUTPOIIUTIB JOCTiIHOL
TPYIIN 110 TOBCTO/O6MKY OyJia Buille 3a KOHTPOsb Ha 7,4 % (p < 0,05), BMicT reMomio6iHy — Ha 4,7 %,
reMaToKpuUT — 9,9 %. 3arajibHa KiJIbKiCTb epPUTPOIIMTIB B KPOBi KOpOIIa AOCTiTHOI IpyIiy Gy/1a BUIIE Ha
4,9 %, BMicT reMom1o6iHy — Ha 3,1 %, Hixk B KOHTPOJTi. B ekcriepyMeHTaIbHili IpyIIi, BMiCT 3araJbHOTO
6i7IKy IepeBMUIIyBaB 3HAUEHHS 110 BiJHOIIEHHIO 10 KOHTPOIBHOI IPYIIN MO TOBCTOMOOUKY Ha 15,9 %
(p <0.05), mo kopomy - Ha 23,9 % (p <0.01). ®epMeHTaTUBHA aKTUBHICTh B JOCTiIHIi Tpymi 6yia
BUILIOIO I[OJI0 KOHTPOJIO. 3alpOIIOHOBAHMIA CIOci6 miAromiBii crpusie 36iNbIIEHHIO HMIBUIKOCTI
pocty pub. IIpakTHUHA I[iHHICTb MOCTIIKEHHS TIOJISTAE y CIPUSHHI TOMIMIIEHHIO SKiCHUX Ta
KiTbKICHMX TapaMeTpiB, 30KpeMa, 6iOXiMiUHOrO CKIamy M’S30BOI YACTMHM IO KOPOMY Ta IO
TOBCTOJIOOMKY y Mp06ax B eKCIIEPMMEHTAIbHIN TPyIli B MOPiBHSIHHI 3 KOHTPOJIbHMMY 3HAYEHHSIMU

KirouoBi citoBa: GyHKITIOHAIbHMIA CTATYC; TiAPOOIOHTH ; TEXHOIOTIUHi €7IeMEHTH ; PE3UCTEHTHICTh;
MiAPOLIeHHS
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Abstract. In the context of solving the problem of obtaining high quality dairy products from
livestock, the issue of determining the type of beta-casein (Al and A2) in the protein fraction of
milk becomes essential. Purpose — to analyse the use of ACRS-PCR methods for differentiation of A!
and A? alleles of bovine beta-casein locus. Genotyping features were analysed using the artificially
created restriction site polymerase chain reaction method utilising Taql and Ddel restriction
endonucleases. The electrophoretic distribution of DNA fragments in agarose gels of various
concentrations was used to analyse restriction patterns. Based on the results of bioinformatic
analysis of the nucleotide reference sequences of the experimental fragment of the beta-casein
gene, it was found that the primer system for the ACRS-PCR Ddel method is characterised by higher
parameters of flanking efficiency of the target DNA site compared to the ACRS-PCR Tagl system due
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to significantly greater effectiveness of hybridisation of oligonucleotides on the target DNA. Based
on the results of laboratory tests of both methods, it is proposed to use an additional procedure
for analysing the fluorescence intensity of individual elements of restriction patterns, which
allows reducing the number of false genotyping that occurs in both cases (based on the results of
using both methods) due to the appearance of non-specific amplification/restriction fragments
within the size of target restrictions. The application of the ACRS-PCR Ddel method provides more
differentiated patterns of the corresponding genotypes in agarose gel compared to the ACRS-PCR
Taqgl method, but leads to higher material costs for conducting research. These disadvantages of
using primer systems for ACRS-PCR of the beta-casein locus determine the relevance of developing
alternative methods for typing A! and A? alleles which include allele-specific PCR. The use of results
is promising for solving the problems of genotyping cattle individuals of different breeds by A! and

A? alleles of the beta-casein locus

Keywords: polymorphism; restriction; electrophoresis; allele; amplification

Introduction

High quality of dairy products is the ultimate
goal of practical work in cattle breeding. As not-
ed by S.A. Ibrahim et al. (2021), one of the main
factors that negatively affect the consumption
of milk and dairy products is lactose intoler-
ance syndrome, which is believed to be caused
primarily by genetic factors and is associated
with insufficient lactase activity. However, as
the results of numerous studies have shown,
according to the review of S. Pal et al. (2015),
the negative effects of milk consumption are
associated not only with lactose, but also with
individual protein fractions.

According to M. Macedo et al. (2020), the
total protein fraction of milk consists of 80%
casein fraction, with the largest being the be-
ta-casein fraction, which reaches 40% of the to-
tal amount. As indicated by Bisutti et al. (2022)
and De Vitte et al. (2022), in the context of the
negative effects of milk consumption, the fo-
cus is on beta-casein, some variants of which
are associated with the manifestation of vari-
ous diseases. According to the study by S. Kay
et al. (2021), a special substance, 7 beta-caso-
morphine, which is very closely related to beta-

casein, is involved in the development of patho-
logical effects from the use of dairy products.
A. Summer et al. (2020) report that caso-
morphin is a short peptide consisting of 7 ami-
no acid residues. The functions of this peptide
include the ability to model the effect of a num-
ber of different hormones of the gastrointesti-
nal tract and central nervous system. It has an
opioid effect that is directly related to the man-
ifestation of allergic reactions. The situation is
complicated by the fact that casomorphine is
able to pass through the blood-brain barrier,
which is of greatest importance for children.
According to C. Sebastiani et al. (2020), be-
ta-casein molecule can exist as several variants
that differ in certain amino acid residues in the
molecule — A! and A? forms of beta-casein. The
differences between the two types of molecules
are in one amino acid (only for A! and A? forms).
As indicated in the paper by Thiruvengadam et
al. (2021) in A? this is proline at position 67, and
in A! - histidine. The presence of histidine at
position 67 determines the entire further fate
of the molecule. When A! beta-casein enters
the gastrointestinal tract, cleaving occurs at the
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position containing histidine, which leads to the
formation of beta-casomorphins. In turn, this is
not happening in the case of type A? beta-ca-
sein. Thus, the consumption of milk contain-
ing beta-casein type A! leads to the formation
of beta-casomorphins, which causes various
pathological effects, the most prominent mani-
festation of which is digestive system disorders.

Understanding the nature of a point mu-
tation in the beta-casein gene that determines
the existence of allelic variants A' and A%, which
enabled the creation of effective tools for its
detection. In the last few years, a number of dif-
ferent molecular genetic research methods are
used to differentiate A! and A? alleles. As stat-
ed by C. Sebastiani et al. (2022), M. Sodhi et al.
(2021) and Ivankovic et al. (2021), despite the
attractiveness of modern sequencing methods,
which are also used for typing cattle individuals
at the beta-casein locus, the most common are
methodological approaches for using certain
restriction endonucleases. However, despite the
widespread use of methodological approaches
based on the use of restriction endonucleases,
the analysis of technical features of typing cat-
tle individuals was rather neglected (in a com-
parative aspect).

Thus, the purpose of this study is to ana-
lyse the features of genotyping of cattle indi-
viduals at the CSN2 locus (alleles A! and A?)
using ACRS-PCR methods.

Literature Review

According to Yamada et al. (2021), methods for
detecting allelic variants of the beta-casein
gene were developed, which use not just ana-
lyse a product — milk, but directly analyse the
producer - in this case, a cow. One of the main
obstacles to the effective genotyping by an
experimental mutation using one of the most
common genotyping methods, PCR-RFLP, or re-
striction analysis, is the fact that the SNP (point
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mutation) that determines the presence of var-
iants A! and A2, is not located at the restriction
site for any endonuclease. The lack of variations
in the restriction site makes it impossible to use
PCR-RFLP, which necessitates the development
of alternative methods. As noted by Smiltina et
al. (2018) and Antonopoulos et al. (2021), one
of the most common alternative methods for
detecting various allelic variants CSN2 gene is
ACRS-PCR.

According to the study by Pauciullo et al.
(2021), ACRS-PCR (artificially created restric-
tion site polymerase chain reaction) is based on
the use of restriction endonuclease, but, unlike
classical PCR-RFLP, the site for the enzyme is
present only in the amplicon, and not in the
original fragment of the gene. Dabrowski et al.
(2019), report that the creation of an artificial
restriction site in an amplicon occurs through
the use of a special primer in a standard pair,
which at the 3’ end contains a “false” nucleotide
(usually at position 2 of the 3’ end), which, in
the case of one of the alternative alleles, forms
a restriction site during amplification. It is the
presence of a mismatch nucleotide in combi-
nation with the copied sequence of one of the
alleles that leads to the formation of a restric-
tion site in the amplicon. After amplification,
a standard restriction analysis is performed,
followed by electrophoretic separation of frag-
ments in the gel. The method allows genotyp-
ing of cattle individuals at the beta-casein locus
with high success.

One of the first modifications of this meth-
od was proposed by S. Lien et al. in 1992 based
on the use of Taqgl as a restriction endonucle-
ase. In the following years, a number of mod-
ifications appeared, one of the most common
is the method developed by McLachlan (2006),
based on the use of Ddel restriction endonucle-
ase. The variability of the effectiveness of the
above methods underlies the need to search for




Kulibaba et al.

47

new and optimise existing methods for typing
beta-casein alleles, which is particularly impor-
tant in the context of genotyping cattle individ-
uals to solve commercial issues.

Materials and Methods

The research was conducted in the laboratory of
molecular genetic research of the Department
of animal biology of the National University of
Life and Environmental Sciences of Ukraine.

To investigate the effectiveness of gen-
otyping of cattle individuals by A' and A? al-
leles, DNA samples from cows of the Ukrain-
ian Black-and-White dairy breed were used as
a model object of the beta-casein locus. Hair
follicles were used as a source of biological

material. DNA isolation was performed using
a commercial set of reagents “DNA-sorb-B”
(“AmpliSens”).

Genotyping of experimental cattle breeds
was performed using ACRS-PCR methods
(2 methods — using Taql and Ddel restriction
endonucleases), the ACRS-PCR method allows
creating an artificial restriction site in the am-
plicon, which, in turn, allows using appropriate
restriction endonucleases for typing individu-
als. The authors used ARRIVE instructions as
a checklist during experiments. Certain prim-
er systems were used to amplify a fragment of
the seventh exon of the beta-casein gene. The
nucleotide structure and names of primers are
shown in Table 1.

Table 1. Method, labelling, and nucleotide structure of the primers used

Method Primer Source Nucleotide sequence
Ddel F ccttctttccaggatgaactccagg
ACRS-PCR (Ddel) (McLachlan, 2006)
Ddel R gagtaagaggagggatgttttgtgggaggctct
Taql F cctgcagaattctagtctateccttecctgggeccatc
ACRS-PCR (Taql) d (Lien et al., 1992) 8cag 8t 858 =
Taql R gagtcgactgcagattttcaacatcagtgagagtcaggetctg

The following amplification programmes
were used to amplify the experimental fragment
of the beta-casein gene: 1 cycle — denaturation
at 94°C, 5 min.; 35 cycles — denaturation at
94°C, 30 s, annealing (60°C for ACRS-PCR Tagql
and 56°C for ACRS-PCR Ddel) 30 s, elongation —
72°C, 30s.

Polymerase chain reaction (PCR) was per-
formed using a commercial DreamTaq PCR
Master Mix reagent kit (ThermoScientific). The
volume of the final reaction mixture was 10 pL,
the primer concentration was 0.2 pM.

Size of restriction fragments in the case of
ACRS-PCR Ddel (restriction site C|TNAG) is 121
bp for A! allele; 86 and 35 bp for the A? allele.

Size of restriction fragments in the case of
ACRS-PCR Tagq]l (restriction site T|CGA) is 251
bp for A? allele; 213 and 38 bp for the A! allele.

For the purpose of electrophoretic separa-
tion of amplification/restriction products, a 3%
agarose gel for the ACRS-PCR Ddel method and
a 1.5% gel for the ACRS-PCR Tagl method were
used.Restriction productswereseparatedinaga-
rose gels at a voltage of 150V for 40-60 minutes.

Visualisation of DNA fragments in the gel
was performed using ethidium bromide in the
ultraviolet spectrum (312 nm). The molecular
weight marker GeneRuler 50 bp (Thermo Sci-
entific) was used to determine the size of the
amplification/restriction fragments.

The online Nucleotide Blast toolkit was
used to analyse nucleotide sequences. To de-
termine the amplification efficiency when us-
ing bioinformatic analysis, the X14711.1 bovine
beta-casein gene nucleotide sequence was used
as a reference.
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Results and Discussion

A comparative analysis of the effectiveness of
ACRS-PCR methods was carried out, consid-
ering the bioinformatic analysis of nucleotide
sequences in the GenBank database.

Based on the results of bioinformatic anal-
ysis, it was found that the ACRS-PCR Ddel prim-

7981
8041

attataactg gattatggac

ataaaatcca cccctttgece

tcaaagattt gtttqccttc tttccaggat

cagacacagt thtagtcta

er system (primer sequences are given above) is
more preferable in terms of hybridisation effi-
ciency (total number of matches according to
Watson-Crick nucleotide interaction) with the
reference sequence compared to the ACRS-PCR
Tagl system. The analysed fragment of the be-
ta-casein gene is shown in Figure 1.

gaactccagq

tccecttecect ggacccatcE

8101 gt%agagcct cccacaaaac

atccctcectce

ttactcpaac ccctgtggtg gtgccgecett

8161
8221 aagaaatgcc
8281 [tcactgatgt

tccttcagee tgaagtaatg

cttccctaaa

tgaaaatctg

ggagtctcca
tatccagttg

cakcttcctc

aagtgaagga ggctatggct
tgaaagqdcag

ccagtcttgg

cctaagcaca

agccctttac agcctgactd

tgcctctget atgcaccagc

Figure 1. Fragment of the beta-casein gene that is flanked by the use of appropriate primer systems
Note: (Bovine beta-casein gene. GenBank: X14711.1 as amended). Hybridisation sites for ACRS-PCR (Ddel)
primers are marked with rectangles, and for ACRS-PCR (Taql) - in grey.

A target mutation C>A is indicated in bold (position 8101 “a”)

The efficiency of forward and reverse prim-
er hybridisation (ACRS-PCR Ddel) was 100%,
excluding the nucleotide mismatch (position
8105 C> G, Figure 1). In turn, for the ACRS-PCR
Taql method, the hybridisation efficiency of
forward and reverse primers was 55 and 82%,
respectively. In each case, the presence of a kind
of “tail” of nucleotides was observed (positions
8162-8171 and 8303-8308, Figure 1), which can
lead both to a decrease in PCR efficiency and

1 2 3 4 5 6 7

to the formation of non-specific amplification
products due to suboptimal temperature condi-
tions for annealing primers on the DNA matrix.
The established features are also reflected in
the electrophoregrams.

Figure 2 shows an electrophoregram of re-
striction products of the seventh exon of the
beta-casein gene using Taql. Individuals with
all possible genotypes were found in the exper-
imental group: A'A!, A'A?, and A%A%

8§ 9 10 11 12 13 14

Figure 2. Results of typing of cattle individuals using the ACRS-PCR (Taql) method
Note: 1 — amplicon; 2,4, 10,11, 13 - A?A%; 3,5,6,8,9, 12, 14 — A'A?%; 7 — A!A!
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Genotype A'A! is represented on the elec-
trophoregram by fragments 213 and 38 bp;
A'A? - 251, 213, and 38 bp; A%2A? - 251 bp. The
presence of non-specific amplified DNA frag-
ments on the electrophoregram is considered
undesirable phenomena for several reasons.
First, non-specific amplified fragments can po-
tentially contain a restriction site for the endo-
nuclease used, which will significantly compli-
cate both the effectiveness of the reaction and
the interpretation of the resulting patterns.
Second, the size of non-specific fragments may
coincide with the restriction patterns for the
target object. In the case of using the ACRS-PCR
Taqgl method, this pattern is observed (Figure 2,
samples 1-4). Optimisation of the PCR protocol
(first of all, the temperature regime of primer
annealing) allows reducing the formation of
non-specific fragments to a minimum. Howev-
er, in the case of the pronounced disadvantag-
es of the primer system mentioned above, the
formation of non-specific products still occurs.
This leads to the need to analyse the intensity
of the fluorescence of fragments in a compara-
tive aspect with the target restrictions. Target
restriction fragment (allele A? size 251 bp) has
a much higher luminous intensity in the ultra-
violet spectrum (ethidium bromide is used as
an intercalating dye) due to the larger amount

of DNA. Based on the analysis of the fluores-
cence intensity of fragments, it is possible to
distinguish between “true” and “false” bands on
the electrophoregram. However, the situation
significantly worsens as a result of a general
decrease in the amplification efficiency. In this
case, it is very difficult to distinguish between
target and non-specific products, which further
leads to difficulties in genotyping individuals.
In some samples, it is possible to observe the
formation of non-specific fragments that have
a size within the target restrictions, which can
lead to erroneous typing of individuals as hete-
rozygous. In this case, it is necessary to analyse
the fluorescence intensity of various fragments
of the pattern. The presence of significant short-
comings in the above-mentioned method (the
impossibility of unambiguous and error-free
identification of various genotypes in the ab-
sence of additional procedures) leads to the need
to develop new methods for typing by alleles of
the beta-casein locus. Figure 3 shows a photo of
the electrophoregram of the results of typing bo-
vine individuals using the ACRS-PCR Ddel meth-
od. The electrophoregram shows individuals
with all possible genotype variants: A'Al, A'A2%
and A?A2 Genotype A!A! shown on the electro-
phoregram as a single fragment, measuring 121
bp; A'A?2-121,86,and 35 bp; A?A?- 86 and 35 bp.

7 8§ 9 10 11 12 13

Figure 3. Results of typing of cattle individuals using the ACRS-PCR (Ddel) method
Note: 1 —amplicon; 3,5,7,10,12-A'A';2,4,13- A'A2; 6,8, 11 — A’A?%; 9 —molecular weight marker GeneRuler 50 bp
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The ACRS-PCR method, using Ddel restric-
tion endonuclease, has proven itself quite well
as a routine tool for typing cattle individuals at
the beta-casein locus, but despite all the advan-
tages, it also has a number of disadvantages,
some of which lead to errors in genotyping. The
main disadvantage of this method is the need
to use Ddel restriction endonuclease, which
leads to an increase in time and material costs.
In a fairly large number of cases, the presence
of non-specific fragments on the electrophore-
gram was noted, which, given the rather small
size of the original amplicon (121 bp), signifi-
cantly hinders the identification of the A? al-
lele and the heterozygous genotype A!AZ% This
occurs based on the results of the presence of
a non-specific fragment in the identification
zone of the A? allele in the restriction pattern.
The presence of a non-specific fragment that is
sufficiently close to the restriction (86 bp) may
be a factor in misinterpreting this genotype as
heterozygous, which may lead to a decrease in
the number of identified homozygous for the
A? allele, individuals in the population under
study. An additional factor that significant-
ly complicates the identification of alleles is
the need to analyse the fluorescence intensity
(staining) of restriction fragments. In the case
of the absence of inhibitors in the PCR mixture,
the intensity of staining of the fragment of the
A? allele must be smaller than that of a frag-
ment of the A! allele, due to a smaller amount
of DNA (amplicon of the A? allele contains a re-
striction site for Ddel). Ignoring these facts on
the part of researchers can lead to confusion in
the analysis of genotypes in the case of insuffi-
cient restriction endonuclease activity.

As follows from the results of research and
analysis of these electrophoregrams, the detec-
tion method based on the use of Ddel restric-
tion endonuclease is more convenient and ef-
fective for the needs of cattle typing compared
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to the Tagl method. The results of experimental
studies fully confirm the conclusions that were
made during the bioinformatic analysis (given
above). The greater efficiency of primer hybrid-
isation on the target DNA sequence, which was
demonstrated by analysing the correspondence
of the nucleotide structure of the study ob-
jects (Watson-Crick interactions between the
forward and reverse primer sequences and the
target DNA), resulted in greater PCR efficien-
cy. First of all, by increasing the specificity of
the reaction, and secondly, by increasing the
efficiency of amplification. The increase in the
specificity of the reaction is directly caused by
the structural features of the oligonucleotides
used, which, in the case of ACRS-PCR Ddel,
hybridise with the experimental fragment as
efficiently as possible. In turn, unambiguous
positioning of the primer on the total genom-
ic DNA (flanking the experimental fragment of
the genome) leads to a high efficiency of the
amplification itself.

Despite the above advantages, the ACRS-
PCR method for using Ddel restriction endo-
nuclease has certain disadvantages. In in some
cases, the formation of non-specific reaction
products is observed. At the same time, the
presence of non-specific DNA fragments is re-
corded in the zone that overlaps with the exist-
ing restriction fragments, which can potentially
affect the effectiveness of typing (to increase
the number of heterozygous individuals in the
experimental group of animals). The use of Ddel
restriction endonuclease leads to a significant
increase in the cost of conducting research,
which, along with the standard disadvantag-
es of the ACRS-PCR method that include the
need for additional stages of analysis (requires
significant time and reagents), determines the
relevance of developing alternative methods for
typing A! and A? alleles, the use of which would
not have the above-mentioned disadvantages,
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which was proposed by a number of researchers
in the form of allele-specific PCR techniques.
The allele-specific PCR (AS-PCR) method
is devoid of additional costs associated with re-
striction analysis, although it requires setting
up 2 amplification reactions (for each of the
alleles). In addition, as practice shows, the AS-
PCR method also has disadvantages caused by
the hybridisation features of primers that dif-
fer by 1 nucleotide at the 3’ end, which can also
affect the accuracy of genotyping. If PCR pro-
tocols are optimised, this method shows fairly
accurate results. However, despite the existing
advantages, the allele-specific PCR method re-
quires compliance with specific requirements
for the accuracy of maintaining temperature
conditions with an amplifier (thermal cycler).
Any variability or technical impossibility of us-
ing certain temperatures during different PCR
cycles leads to non-specific amplification of
alleles, which can lead to errors in genotyping
(first of all, to an increase in the total number of
heterozygous individuals in the sample). There-
fore, in almost every case, for genotyping differ-
ent targets, it is necessary to carefully adapt the
amplification protocols of experimental frag-
ments, provided that an additional method of
individual typing is used. In the vast majority
of studies using the allele-specific PCR method,
the authors actually ignore the need to opti-
mise protocols and use the amplification pro-
grammes available in other literature sources
without any modifications (Rahimi et al., 2015).
In turn, the use of a bioinformatic ap-
proach, which is based on the analysis of the
GenBank nucleotide sequence database, allows
not only identifying specific primer hybridisa-
tion sites on the target DNA and the size of the
flanked fragment, but also establishing poten-
tial non-specific hybridisation sites, which can
significantly help in optimising PCR protocols.
In both cases (ACRS-PCR Taql and Ddel), the

results of the analysis of the reference nucle-
otide sequence (X14711.1) established a high
specificity of the selected primer systems. Ac-
cording to the results of the analysis, only two
potential (additional to the target) variants
were identified for the ACRS-PCR Taql primer
system, while they were completely absent for
ACRS-PCR Ddel. The potential possibility of
amplification of non-specific fragments during
PCR along with the target fragment of the ge-
nome led to the appearance of additional DNA
bands (false bands) on the electrophoregram.
In addition to the general information
“contamination” of the image, the presence of
non-specific fragments significantly compli-
cates the process of restriction of amplicons,
since additional amplified sections of DNA can
potentially contain a restriction site for the re-
striction used, which leads not only to a large
number of different fragments, but also to a
significant decrease in the effectiveness of the
restriction reaction. All of the above negatively
affects the quality of typing, so, if possible, any
potential non-specific hybridisation of primers
in other parts of the genome should be avoided
(this is especially true in the case of non-spe-
cific annealing in different parts of the genome
that coincide with the target for the animal spe-
cies). In view of the above, it becomes clear that
PCR protocols need to be optimised to prevent
nonspecific amplification. The best approach
is to use the maximum possible (highest pos-
sible) annealing temperature, as well as (which
is less effective) variations in the duration and
number of amplification cycles. The results of
the bioinformatic analysis are confirmed by the
results of electrophoretic separation of restric-
tion fragments, which is shown in Figures 2 and
3 — in the case of the ACRS-PCR Taql method,
additional fragments are available on the elec-
trophoregram, while when using the ACRS-
PCR Ddel method, there are significantly less
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non-specific amplification/restriction prod-
ucts. Thus, the use of bioinformatic analysis of
amplification efficiency is fully confirmed by
direct laboratory studies on typing cattle indi-
viduals at the experimental locus.

Given the above, it would be advisable to use
AS-PCR as the main (simpler and less expen-
sive) method for conducting routine studies of
beta-casein locus polymorphism. In turn, to re-
solve controversial issues related to the accuracy
of genotyping, it is necessary to use an alterna-
tive method based on ACRS-PCR, in particular,
for the use of Ddel restriction endonuclease.

Additional aspects of the problem of ani-
mal typing by A! and A? alleles of the beta-ca-
sein gene refer to confusion regarding the use
of certain terminology. The methods men-
tioned in this paper relate specifically to ACRS-
PCR, which is caused by the fact that there is
no restriction site for any endonuclease in the
target fragment (which contains a polymorphic
nucleotide). Accordingly, the use of the ACRS-
PCR method (for both Ddel and Taql) leads to
the formation of an artificial restriction site in
amplicon (amplified fragment), and not in the
experimental fragment of the gene (genome).
Therefore, the use of the PCR-RFLP desig-
nation, in this case, is completely incorrect,
which, unfortunately, is not considered by some
researchers (Pandey et al., 2020; Vougiouklaki
et al., 2020; Mokhnachova, 2021).

Conclusions

The effectiveness of ACRS-PCR methods (for
the use of Ddel and Taql restriction endonu-
cleases) for typing cattle individuals by the be-
ta-casein locus (typing alleles A! and A?) was
analysed. According to the results of bioinfor-
matic analysis of nucleotide reference sequenc-
es (X14711.1) of the experimental fragment
of the beta-casein gene, it was found that the
primer system for the ACRS-PCR Ddel method
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is characterised by higher parameters of flank-
ing efficiency of the target DNA section com-
pared to the ACRS-PCR Taqgl system, due to
significantly greater effectiveness of hybridisa-
tion of oligonucleotides on the target DNA and
almost the complete absence of non-specific
amplification products. The results of the theo-
retical analysis are fully confirmed by laborato-
ry studies on animal typing at the beta-casein
locus by two methods. Based on the results of
laboratory tests of both methods, it is proposed
to use an additional procedure for analysing the
fluorescence intensity of individual elements of
restriction patterns, which allows reducing the
number of false genotyping that occurs in both
cases (based on the results of using both meth-
ods) due to the formation of non-specific am-
plification/restriction fragments within the size
of target restrictions. Considering these short-
comings of primer systems (ACRS-PCR) for typ-
ing cattle individuals at the beta-casein locus,
it is advisable to consider alternative methods
of genotyping, in particular, the allele-specific
PCR method, which, despite certain features of
its application, is quite promising for conduct-
ing routine large-scale studies in cattle popu-
lations of different breeds. In addition to all of
the above, ACRS-PCR methods based on the use
of Ddel and Taq]I restriction endonucleases can
be very useful for resolving controversial issues
as a reference verification method for typing in
order to avoid errors in genotyping cattle in-
dividuals by the beta-casein locus. The use of
ACRS-PCR methods for typing cattle individ-
uals by allelic variants of the beta-casein lo-
cus, both as the main method of typing and for
solving technical problems in PCR formulation,
allows not only conducting genetic and popu-
lation studies of different cattle breeds of cows,
but also serves as a reliable tool for further im-
plementation of methodological approaches
to marker-associated selection (MAS) in dairy
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cattle breeding. The use of the proposed meth-
odological approaches allows effectively and
accurately differentiating different genotypes
(A'A', A'A? and A?A?) by the beta-casein locus,
conducting individual typing of cattle individu-

methods for typing cattle individuals by allel-
ic variants A! and A? of beta-casein locus using
ACRS-PCR as a reference method.
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3a JokycoM CSN2 3a BukopucraHHsa meToaiB ACRS-PCR
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AHoTauia. Y KOHTeKCTi BUpillleHHST Tpo6ieMy ofepskaHHSI BUCOKOI SIKOCTI MOJIOYHOI MPORYKILii
CKOTapCTBa MUTAHHS BM3HAUEHHS TUITy OeTa-Kaseiny (Al ta A2) y 6inkoBiit dpakiii Mmoaoka
HabyBa€ CyTTEBOTO 3HAUeHHs. MeTa po60OTH — TPOBEIEHHS aHaJIi3y BUKOPUCTaHHS MeToxiB ACRS-
PCR g1 pudepeHiiioBaHHs anesiB Al Ta A% ToKycy 6eTa-Ka3eiHy BeJMKOi poratoi xymo6u. AHati3
0COOIMBOCTEN FeHOTUITYBaHHS ITPOBOA MM 3a BUKOpucTaHHI MeTomy ACRS-PCR (Artificially Created
Restriction Site Polymerase Chain Reaction) i3 3acTocyBaHHSIM eHIOOHYKIea3 pectpukiiii Taql Ta
Ddel. [Ina aHasnmizy pecTpUMKIiAHMX MaTepPHiB BUKOPUCTOBYBAIM eNeKTPO(OpeTUUHNIT pPO3TOIiT
¢dparmenTiB JTHK B arapo3sHux reyisx pisHUX KOHLEHTpaliii. 3a pesynbraTamu 6ioindopmaniitHoro
aHasi3y HYKIEOTUIHUX eTaJIOHHUX TOCTiIOBHOCTel NOCTiTHOTO GhparMeHTy reHy OGeTa-KaseiHy
3’1COBaHO, 1[0 TpaiiMepHa cuctema st MeTomy ACRS-PCR Ddel xapakTe py3yeThCst 61TbII BUCOKMMU
rapameTrpamu edextuBHOCTI diaHKyBaHHS TapreTHoi minsgHku JHK y mopiBHSIHHI 3 cucTemoro
ACRS-PCR Taql BHacaiOK 3HAYHO OiMbIIOI Pe3ylTbTAaTMBHOCTI ribpuamsaliii oMiroHyKJIeOTURIB
Ha JHK-mimeni. 3a pesynbraTamMu JJabopaTOPHMUX BUIIPOOYBaHb 060X METO[iB 3alpOIIOHOBAHO
BUKOPUCTAHHS TOMATKOBOI ITPOLIeAyPY aHaJTi3y iIHTEHCUBHOCTI hiryopeciieHITii okpeMuX eJleMeHTiB
PeCTPUKLIiHMX TIATePHIB, 10 JA€ MOXK/IMBICTb 3MEHIIUTY KiJTbKiCTh TIOMWIKOBUX F€HOTUITYBaHb,
0 BMHUKAIOTh B 000X BUIAJAKAX (3a pe3y/abTaTaMM BMKOPUCTAHHS 060X METOIiB) 3a PaxyHOK
yTBOpeHHsI Hecreuudiunnx amrutiikamiitHux/pecTpuKkLiitHuX GparMeHTiB y Mexkax pO3Mipy
IIiTbOBUX PECTPUKTiB. 3acTocyBaHHsI MeToqy ACRS-PCR Ddel nae MOXIUBICTh OTpUMATH GisTbIIT
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nmudepeHIIiiioBaHi maTepHY BiATIOBiMHUX T€HOTUIIIB B arapo3HOMY TeJTi Y MOPiBHIHHI 3 METOIIOM
ACRS-PCR Tagq], ane mpu 1ib0My IPU3BOOUTH i IO GIIbIINX MaTepialbHUX BUTPAT HA TPOBEIEHHS
JOCTiIKeHb. 3a3HaueHi HemoMiKM BMUKOpUCTaHHS MpaiimepHux cucreM nyisi ACRS-PCR mokycy
GeTa-Kas3eiHy, BU3HAYAIOTh aKTYaJbHiCTh PO3POOKM aJbTEPHATUBHMUX METOMIB TUITYBaHHS ajesliB
Al ta A’ Mo SIKMX HaNEeXUTh anenb-crenudiyda IUVIP. BUKOpucTaHHS pe3ylbTaTiB JOCTiIKEeHb
€ TepCreKTUBHUM JIJIs1 BUpillleHHS Mpo6JieM TeHOTUITYBaHHS OCOOMH BEIMKOI poraTtoi Xymoou
pi3HuMx mopiz 3a anenamu A' ta A? Tokycy 6eTa-kaseiny

KirouoBi csioBa: ronimopdism; pecTpuxiiist; enektpodopes; aneib; aMiutidikairis
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Abstract. The addition of pectin to food products is important because this natural polysaccharide
plays a key role in improving the quality and stability of the product, it allows for high-quality
preservation of products that have a long shelf life, which is important for the health and well-
being of consumers. The purpose of the study is to investigate the main raw materials of plant
origin for the synthesis of pectin, which can be used as a promising raw material for food industry
enterprises in Ukraine. The study was carried out using various methods of analysis, a thorough
comparative analysis of papers by Ukrainian and foreign researchers, which are published in
the scientometric databases Scopus, Web of Science, Journal Citation Reports, Scimago Journal
& Country Rank, and Google Scholar. Based on the results of analytical studies, the main raw
materials used for the production of pectin and pectin-containing pastes were analysed, and the
main problems of the production process were identified. It has been found that adding pectin to
food products can have a significant number of benefits: increasing the viscosity of the product,
which is useful for creating a thick texture of the product; increasing the resistance of the product
to heat treatment, reducing the risk of product separation or quality degradation; increasing
functionality; introducing it into products can help improve the consistency and appearance
of the product, add taste and color properties, and reduce the amount of sugar that must be
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added to the product to ensure viscosity and taste. It is established that the main raw material
for the production of pectin in Ukraine is apple fruits. It is proven that pectin can be obtained
from other fruits, berries, and vegetables, such as gooseberries, currants, cherries, pumpkins,
etc. The intensification of the pectin production process should provide the population with a
high-quality product that will prevent various types of intoxication by removing radionuclides
from the body and contribute to the recovery of people in the post-war period. The practical
significance of this study lies in the ability to help manufacturers find optimal sources of raw
materials with a high pectin content to ensure the quality of the final product. In addition, this
study will also facilitate the development of appropriate technological solutions for the optimal

process of producing pectin from the selected raw materials

Keywords: food; shelf life; pectin pastes; vegetable raw materials; production process

Introduction
Pectin production is quite common in the
world, especially in countries with developed
food industries. Major pectin producers include
the United States, the European Union (France,
Italy, Germany, the Netherlands), India, China,
and Brazil (Cho et al., 2019).

Each of these countries has its pectin pro-
duction methods, which are mainly based on
traditional technologies. Each manufacturer
can have its characteristics in the production
process and the use of different types of raw
materials. For example, in the United States,
pectin is produced mainly from apples, citrus
fruits, and sugar beets, as well as from juice and
wine production waste (Cho et al., 2019). In the
European Union, the dominant sources of pec-
tin are apples and citrus fruits, although other
raw materials are also used. In China, pectin is
produced mainly from citrus fruits and apples,
while in Brazil it is produced from Brazilian
guarana (Cilingir et al., 2021).

Pectin production abroad usually takes
place in large enterprises that have the appro-
priate technical and human resources to carry
out all stages of the production process. Major
pectin producers generally ensure the quali-
ty of the product and ensure that it meets the

Animal Science and Food Technology. 2023. Vol. 14, No. 2

requirements of international food safety
standards (Gilizel & Akpinar, 2019).

In Ukraine, pectin production is carried out
on an industrial basis in several regions of the
country, the most famous pectin plants are lo-
cated in the Zakarpattia, Volyn, Khmelnytskyi,
and Lviv oblasts. The most common source of
pectin in Ukraine is apples, citrus processing
products, and molasses formed during sugar
production. However, in addition to tradition-
al sources, Ukraine is exploring the possibility
of obtaining pectin from other plants, such as
sunflowers, peas, and corn, and from various
food industry waste (Sukhenko et al., 2019).

Nowadays, Ukrainian pectin plants produce
pectin of various quality and applications -
from food to medical and pharmaceutical in-
dustries. The plants export pectin to Europe
and Asia and meet the domestic needs of the
Ukrainian market (Guo et al., 2020).

Pectins are polysaccharides that are com-
monly found in plant cell walls. They can be
isolated from fruits, vegetables, berries, citrus
fruits, and from some types of cereals.

Pectins are used in the food industry as a
stabilizer, thickener, and binder. They provide
structure and texture in foods such as jams,
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jams, jellies, and other desserts. In addition,
pectins also have health benefits, such as low-
ering blood cholesterol and supporting gastro-
intestinal health (Kazemi et al., 2019).

Classical pectin production technolo-
gies usually include the following steps (Pa-
lamarchuk et al., 2022):

Collection and preparation of raw ma-
terials: the plant material is cleaned of impuri-
ties, cut, and mixed with water.

Extraction: the prepared raw materials
are exposed to acids or enzymes that help dis-
solve pectin and other components of the plant
cell wall. Next, the resulting solution is filtered.

Cleaning:thepectinsolutiongoesthrough
a series of cleaning processes that help remove
impurities and other unwanted substances.

Concentration: the resulting pectin
solution is concentrated to reduce the volume
and increase the pectin concentration.

Drying: the concentrated pectin solu-
tion is dried, usually in hot air or the sun.

Fractionation: pectin is divided into
fractions with varying degrees of esterification
and properties.

Packaging: the finished product is
packed in the appropriate container and pre-
pared for transportation.

Depending on the type of raw material and
production technology, the process may differ in
detail,butthegeneralprincipleremainsthesame.

The purpose of the study was to conduct a
thorough analysis of the raw material base and
various components of plant origin for the pro-
duction of pectin and pectin-containing pastes.

AAnalysis of the main plant
components for the production of
pectins and pectin-containing pastes
The plant components used for pectin produc-
tion may vary in composition and properties.
The main sources of pectin are apples, citrus

fruits, sugar beets, and other crops (Acosta et
al., 2020). The study considers the composition
and properties of these plant components.

Malic pectin has a high degree of meth-
oxylation and the galacturonic acid content
is about 70-75%. Apple pectin has a good gel-
ling ability, which ensures its use as a stabi-
lizer and thickener (Zheplinska et al., 2021).
Citrus pectin contains less galacturonic acid
(40-60%) compared to apple pectin but has a
high content of methoxyl groups, which makes
it more soluble in water. Citrus pectin is used
to increase viscosity and stabilize fruit juices
(Mzoughi & Majdoub, 2021). Beetroot pectin
contains the highest content of galacturonic
acid (80-85%) compared to other sources of
pectin. Beetroot pectin has a high gelling ca-
pacity, but less stability than apple or citrus
pectin. It is used to thicken and stabilize liquid
foods such as soups, sauces, and canned food
(Zheplinska et al., 2022).

Ukraine is a producer of sugar beet, which
can be used as a source of raw materials for the
production of pectin. Studies show that sugar
beet contains approximately 10-15% pectin,
which makes it a fairly effective source of raw
materials for the production of pectin (Pi-
cot-Allain et al., 2022). Raw materials for indus-
trial production of pectin from the standpoint
of economic feasibility of its use are mainly ap-
ple and citrus pomace, sugar beet pulp, citron
melon, sunflower heart, and pumpkin (i.e., food
processing waste). The content of pectin sub-
stances in plant materials varies widely: from
0.1-0.5% to 50%. The highest pectin content is
found in lemon pomace (30-35%), orange and
tangerine pomace (25-30%), sunflower pericarp
(about 25%), beet pulp (20-25%), apple pom-
ace (5-15%). Pectins are unevenly localized in
different parts of plants. For example, in citrus
fruits, the main amount of pectins is concen-
trated in the albedo, in apples — in the epider-
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mis and adjacent tissues, in sugar beet — in the  pectin-containing raw materials by the content

pulp (Picot-Allain et al., 2022). Classification of  of pectin substances is given in Table 1.

Table 1. Characteristics of pectin substances by type of raw material

Type of pectin-containing raw materials

Pectin content, %

Subgroup Raw material
Group 1 “Vegetables”
Tubers, root vegetables Potatoes; beets, carrots 5.4...2.0
30.0...6.4
Leaf, stem Cabbage, onions, celery 170514982
Fruited vegetables Eggplant, pepper, tomatoes 11.0...9.2

Gourd Pumpkins, melons, watermelons 23.6...1.7

Legumes, cereals Green peas, corn, wheat, barley, oats, rice %(5)4118

Group 2 “Fruits and berries”
Pome Apples, pears, quinces, rowan 9.0..1.9
Stone fruits Cherry, sweet cherry, plum, apricot
True, G . . 12.0...4.2
accessory, rle%pes, ctl)lrr:;\_nts,b sltragvbeyrles, rasg)be_rrles, 79.737%
compound ingonberries, blueberries, cranberries 6729
Subtropical citrus fruits Figs, feijoas, persimmons, kiwis, grapefruits 14.0...4.9
Tropical citrus fruits Pomegranates, ?jﬁgggi;:mons’ oranges, 5.8...5.5
Group 3 “Other types”

Leaves 14.0...4.9
Sunflower stalks 35.7...20.0
Sunflower hearts 24.0...12.0

Shells of cotton bolls 5.4...10.0
Tree bark Pine, spruce, larch 9.0...8.0

Source: compiled by the author based on (Selvendran, 1985; Li et al., 2022)

After analysing the data in Table 1, it can be
concluded that the most promising raw materi-
als for the synthesis of pectin and pectin-con-
taining pastes in Ukraine may be different types
of root vegetables, new melon varieties, seeds
of different varieties, and sunflower (Bédouet et
al., 2003; Fishman et al., 2019).

In scientific papers, researchers have pro-
posed their classification of pectin-containing
raw materials by the content of pectin sub-
stances, it has the following form:

High-pectin raw materials (more than
35% pectin): Chinese yellow pea gum, concen-
trated lemon or lime juice, and apricot seeds.
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Medium-pectin raw materials (from 10%
to 35% pectin): apple skins, orange zest, lemon
zest, and pumpkin pulp.

Low-pectin raw materials (less than 10%
pectin): currant leaves, cherry stalks, black pep-
per, and hops.

Based on the results of the literature re-
view, the level of development of the techno-
logical process and the analysis of the applica-
bility of progressive solutions are established.
There is a known method (Colodel et al., 2020)
for the production of purified pectin from fruit
pomace by extracting ammonium oxalate with
an aqueous solution of ammonium oxalate,
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simultaneously grinding the raw material, fol-
lowed by filtration and vacuum concentration
of the extract. Pectins are precipitated from
the extract with ethanol and dried. Then they
are treated with an aqueous solution of ammo-
nia. Hydrochloric acid is added to the reaction
mixture and kept at 18°C for 1 hour, pectin is
isolated. The complexing ability of pectin is
922.77 mg Pb2 +/g.

The following method (Demir et al., 2021)
refers to the production of drugs that have a de-
toxification ability and can increase the purity
and binding capacity of the resulting product.
This method is used to extract pectin samples,
such as beetroot, citrus, and apple pectin, with a
0.5% ammonium citrate solution. After filtration,
an electrolyte is added to the pectin extract
in the form of a 0.1 mol solution of potassium
chloride and dialysis is performed through a
cellophane membrane at a temperature of 38°C
for 24 hours. The resulting dialysate is evap-
orated under a vacuum and treated with 96%
ethanol. Pectins are separated and treated with
a 5% ammonia solution in a ratio of 1:10 at pH
10.5 for 2 hours.

The method described in H. Chen et al
(2019) involve a mixture of beet pulp and apple
pomace. This mixture swells in an acidic aque-
ous solution, then washed with water and sub-
jected to hydrolysis with a mixture containing
aqueous solutions of hydrochloric and acetic
acids. The final stages of the process are the
separation of hydrolysate, its cooling, and neu-
tralization, precipitation of pectin with ethyl
alcohol, its purification, and drying.

There are several ways to obtain food
pectin from vegetable raw materials (Brito
et al., 2019; Bashta et al., 2021). The essence
of these methods is as follows: beet pulp and
apple pomace are mixed in a ratio of 1:(1-9),
cellulose phosphate is added in an amount of
2-4% (by wt.), the raw material is soaked in a

mixture of ultrafiltrate and water in a ratio of
1:(1-2) for 2 hours. Next, whey with an acidi-
ty of 290-300°T is heated to a temperature of
90-95°C, kept for 15-25 minutes, followed by
cooling and filtration.

A special feature of the method of obtain-
ing pectin, described by A. Bashta et al. (2021),
is the hydrolysis of protopectin from fresh ex-
tracts of quince, apples, and pears with enzyme
preparations of the cellulosic complex in the
amount of 0.1-0.3% by weight of raw materials.
To increase the yield of pectin, raw materials are
frozen for 25-30 minutes at a temperature of 30-
40°C, followed by defrosting with hot water. Hy-
drolysis is carried out at 45-50°C for 2-3 hours.

Preparation of pectin from apple pomace
by the method (Naqash et al., 2021) contains
the following steps: washing of crushed apple
pomace, acid thermal hydrolysis of washed raw
materials, water extraction of pulp obtained af-
ter hydrolysis for more complete extraction of
pectin, separation of the resulting hydrolysate
and extract, precipitation and purification of
pectin with ethyl alcohol, and drying. Before
washing, the raw material is pre-evaporated
for 15 minutes to intensify the separation of
ballast substances, next the raw material itself
is washed with water at a hydraulic module of
1:6 and a temperature of 50-60°C. Next, acid
thermal hydrolysis of the washed raw materials
with a solution of citric acid is performed at a
temperature of 60-70°C. Pulp extraction is car-
ried out with water at a temperature of 70-75°C,
carried out by vacuum evaporation to the con-
tent of pectin substances of 10-12% to a com-
pletely dry mass.

The essence of the method of obtaining
pectin from fruit pomace is that the raw materi-
al is washed with the addition of mineral acid in
an amount that provides a pH of the solution of
2.5-3.0 for washing apple pomace, and 2.5-3.5
for citrus pomace (Hosseini et al., 2020).
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A well-known method for obtaining pectin
from apple waste (Vasquez et al., 2022), devel-
oped by Japanese scientists, involves process-
ing raw materials with a solution of phosphoric
acid, followed by filtration and purification on
anion-exchange and cation-exchange resins.

The following method of pectin extraction
uses the microwave radiation method (Dao et
al., 2021). Raw materials (oranges, tangerines,
apples, and carrots) are pretreated with alcohol,
and extraction takes place with an irradiation of
2.45 Mhz for several minutes and with repeated
exposure. Solutions of hydrochloric, sulphuric
acids, or solutions of ammonium oxalates are
used as an extractant.

Japanese researchers (Ma et al., 2020) de-
veloped a method for producing pectin under
pressure for the food industry, for example,
for making jam from pectin-containing plants,
such as lemon, lime, and apple.

According to the method (Azar et al., 2020),
pectins can be isolated from secondary prod-
ucts (mainly apple and citrus pomace) obtained
by pressing juice from mature fruits and veg-
etables as a result of selective adsorption, and
polyphenols - as a result of subsequent desorp-
tion of the adsorbent. The disadvantage of this
method is the additional use of ethanol for the
pretreatment of raw materials and the produc-
tion of pectin with a low molecular weight

Depending on the application, different
types of pectin-containing raw materials can
be used for different purposes. For example,
high-quality raw materials can be used to make
jellies and marmalade, medium-quality raw
materials can be used to make sauces and bev-
erages, and low-quality raw materials can be
used to make food additives and flavorings.

According to the results of analytical
studies, it is established that the use of the
above-mentioned plant raw materials is due to
the high content of pectin and the latest trends
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in its use in the food industry for the produc-
tion of new products for health and preven-
tive purposes, as well as large volumes of raw
materials that are considered waste after the
production of basic products at fruit and veg-
etable enterprises from the above-mentioned
raw materials. Therefore, Ukrainian producers
of pectin products and their derivatives can use
traditional raw materials and apple pomace,
melons, and sunflower.

Application of pectin substances
in the food industry

In the context of the global environmental sit-
uation, which is associated with the growth of
industrial production, the use of chemical tech-
nologies in the industry, agriculture, and every-
day life, the development of nuclear energy,
rational nutrition is of particular importance,
which produces new opportunities for the use of
pectins and their derivatives: in the production
of canned food and confectionery, bakery prod-
ucts, soft drinks, and in the field of winemaking
(Gamonpilas et al., 2021; Gavahian et al., 2021).

In the food industry, the main proper-
ty of pectin is used - gelling ability. Pectin is
widely used in the production of confection-
ery products of the pastille and marmalade
group (marshmallows, jelly marmalade, etc.)
and sweets (jelly and fruit jelly), which are in
demand among the population. Unlike other
gelling agents, pectin substances form jelly in
aqueous solutions only in the presence of sugar
and acid. The amount of sugar that is needed
to form jelly varies depending on the amount
and physicochemical properties of pectin. For
thickening, not only the amount of acid add-
ed is important, but also its properties, which
are conditioned by different concentrations of
hydrogen ions. Solid jelly is produced in the
presence of weak acids, such as tartaric, at a pH
in the range of 3.0-3.2. The dry matter content
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has a significant effect on the gelatinous prop-
erties. The higher the dry matter content, the
higher the gelatinisation temperature and the
strength of the final product. The content and
composition should also be optimal.

C. Buathongja et al. (2020) found that an
important technological aspect of the gelatini-
sation process is the dosage of buffer salt and
acid. With the help of a buffer system, the pH
value is regulated and thus affects the inversion
of sugar during cooking (Freitas et al., 2021).
In the fruit canning industry, pectin is used in
the production of jelly products: jellies, can-
dies, and jams, and for the production of other
products based on pectin for therapeutic and
health-improving purposes (purees, jelly, juic-
es, beverages, canned vegetables, etc.). To ob-
tain the thickening and structural and mechan-
ical properties of the resulting products, there is
the type of pectin, the calcium content in fruits
and water, pH, temperature, and filling time.

Traditional apple pectin, in addition to its
pronounced sorption properties, has a high
molecular weight and degree of esterification,
an increased melting point, which enables ac-
curate control of the temperature and time of
gelatinisation. Fruit and jelly fillings based on
apple pectin are ideal for bakery products and
can withstand temperatures of about 220°C
for 15-20 minutes, they are heat-resistant, do
not boil off, and do not deform during baking.
Traditional citrus pectin, unlike apple pectin, is
mainly used in the production of dairy products
(Biel-Nielsen et al., 2022), for example, for the
stabilisation of fermented milk drinks, cottage
cheese, liquid yogurt, and in the production of
fruit juices and beverages with pulp. The rela-
tively low molecular weight and viscosity of cit-
rus pectins, their neutral color, and taste allow
them to be used for the industrial production
of stabilized dairy products. When citrus pec-
tin is added to fruit juices, the viscosity of the

product does not increase significantly, and the
nutritional value increases.

The study by Wang et al. (2021) substan-
tiates the use of traditional apple and citrus
pectins in the production of various products.
Various varieties of pectins with a high and
medium degree of esterification were inves-
tigated: apple pectins with an esterification
degree of 71.3% and 60.9%, and citrus pectins
with an esterification degree of 70.0% and
60.1%, respectively. All samples were stand-
ardized in terms of gelling property according
to a specially developed USA-SAG methodol-
ogy. Apple and citrus pectins with the same
standardization index have different proper-
ties in the resulting gels.

Wang et al. (2021) have shown that apple
pectin gels have a higher strength, i.e., obtain-
ing a product with the same fracture strength
requires a lower consumption of apple pectin.

The study (Huang et al., 2021) considered
the influence of the properties of products with
pectin on the change in the internal strength
of the gel and it was found that at the pH of
2.9-3.1, characteristic of most confectionery
products, the ultimate strength of the gel from
apple pectin is significantly higher than from
citrus pectin.

W.G. Sganzerla et al. (2020) investigated
the effect of gel pH on gelling properties when
standardizing apple and citrus pectins using
the USA-SAG method. At pH 2.0-2.3 (according
to the standard method), the standard or gel-
ling property of apple pectin is higher.

To improve the quality of bakery prod-
ucts, both in Ukraine and abroad, various fillers
are used that affect the components of wheat
dough and ensure the production of high-qual-
ity products. Surfactants are increasingly used
as fillers to intensify the bread production pro-
cess, improve the quality of bakery products, and
preserve their freshness (Marque et al., 2020).
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Currently, pectin and its derivatives are
increasingly used in baking. In baking tech-
nology, such properties of pectin substances as
swelling, viscosity, gelling property, regulating
crystal formation, increasing water absorption,
and emulsifying properties are important. The
possibility of using various types of pectins in
the preparation of bread — apple, citrus, beet-
root — was investigated. It was found that the
introduction of pectins into the dough affects
the biological, colloidal, and microbiological
processes of cooking. When pectin is added
to the dough, its initial acidity increases and
the pH decreases. The fermentation process
in the dough is more active. Activation of the
fermentation process is associated with the
introduction of sugars together with pectin.
When pectin is added to the dough, gluten is
strengthened. Beetroot pectin, followed by
apple and citrus pectin, has the most noticea-
ble effect on strengthening the structural and
mechanical properties of the dough. The intro-
duction of pectin in bakery products not only
improves the quality of finished products but
also gives them medicinal properties. For the
production of dietary wheat bread intended for
binding and removing heavy metals from the
body, it is advisable to use pectin products —
fruit and vegetable powders, pectin extracts,
and concentrates (Marque et al., 2020).

Thus, the use of pectin and other pec-
tin-containing products in baking can not only
improve the quality of finished products but also
expand the range of therapeutic and health-im-
proving food products. A steady trend in the
production of non-alcoholic beverages is an
increase in the production of special-purpose
beverages, which include beverages with the
addition of biologically active components that
have a health-improving effect on the human
body. In the range of non-alcoholic products of
therapeutic and health-improving action, more
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and more importance is attached to drinks en-
riched with pectin substances (Staubmann et
al., 2023). The limited range of therapeutic and
health-improving pectin-containing beverages
currently produced is explained by the acute
shortage of pectin in the food industry, which
was already mentioned above. Expanding the
production of soft drinks enriched with pectin
substances can be solved by mastering the pro-
duction of pectin extract. For example, apple
pectin extract produced by industry contains
at least 0.5% pectin substances, easily digesti-
ble sugars (glucose, fructose), proteins, organic
acids, and a complex of macro- and microele-
ments (Staubmann et al., 2023).

Water-retaining, complexing, and emulsi-
fying abilities of pectin substances determine
their use in the production of dairy, meat, and
fish products of mass assortment and therapeu-
tic and health-improving purposes.

Pectin substances are used as a stabiliser in
the production of yogurt, mayonnaise, marga-
rine, and butter. Pectin substances are also used
in the production of dairy products to stabilise
and increase their biological value. The use of
dairy raw materials (whole and skimmed milk,
buttermilk, whey) in combination with pectin
concentrates facilitates not only the rational
use of all milk components but also allows ob-
taining biologically healthy pectin-containing
dairy products with good organoleptic charac-
teristics, which solves the problem of expand-
ing the range of milk-based products (Cilingir
etal., 2021).

Effective blocking of the intake of radionu-
clides in the body has led to the use of pectins
in the manufacturing of sausage products. The
introduction of pectin into sausage products
not only increases their biological value but
also improves quality indicators.

No less effective was the use of pectins in
the production of fish products, in particular




Mushtruk & Mushtruk

65

fish souffle. It was found that the introduc-
tion of pectin at a concentration of 0.5-0.9%
not only improves the quality indicators of fish
souffle but also increases its biological value,
which allows recommending the developed
product for therapeutic and health-improving
nutrition (Bagal-Kestwal et al., 2019).

Analysis of Ukrainian and foreign literature
shows that at present, a versatile and very sig-
nificant experimental material on pectin pol-
ysaccharides has been accumulated. However,
despite the huge number of studies devoted
to the isolation of pectin substances from var-
ious sources (Palamarchuk et al., 2020), large-
scale pectin production in Ukraine has not yet
been implemented. This may be conditioned by
many shortcomings of the developed techno-
logical schemes — the need for significant en-
ergy and capital expenditures, the high cost of
acid-resistant equipment, and low profitability.

Thus, the search for new efficient, and
cost-effective sources of raw materials for the
production of pectin in Ukraine and the devel-
opment of pectin technology is still an urgent
task of the food and chemical industry.

The importance of pectin
substances for human health
The human body is not able to use pectins as a
source of carbon - they play a different role in it.
Once in the human stomach, pectin swells and
puts pressure on the walls, which produces a
feeling of satiety. Thus, pectin is effective in the
fight against excess weight. At the same time,
pectin gel envelops the walls of the stomach,
preventing acute exposure to many substanc-
es and the formation of ulcers (Albuquerque et
al., 2022). In addition, pectins easily form com-
plexes with hydroxyl-retaining compounds —
cholesterol, glucose, bile acids, fatty acids, and
substances of phenolic nature, contributing
to their elimination from the body, thereby

being an important preventive tool in the fight
against hypercholesterolemia, hyperlipidemia,
and diabetes mellitus. With a daily dose of 15 g
of pectin for 2-3 weeks, bile excretion increas-
es by more than 30%; cholesterol levels in the
blood decrease by 13-15%. Modern researchers
are also investigating the sorption properties of
pectin substances from various sources (Wang
etal., 2019).

The paper (Souza et al., 2020) presented
the results of a series of experiments involving
laboratory animals and discovered that a diet
with the addition of amaranth and dietary fiber
(pectin and cellulose) reduces cholesterol in the
blood serum and liver. It was found that pectin
can bind and remove lipids from the body, and
in an amount 4 times higher than its weight
(Li et al.,, 2021 ). The specificity of this inter-
action is explained by the electrostatic nature
of the generation of pectin complexes with low
and very low-density lipoproteins (Chiu et al.,
2022). Due to the formation of gel-like struc-
tures, pectin can adsorb on its surface and re-
move from the body not only excess cholesterol
but also other substances formed during vital
activity (enzymes, products of bacterial ori-
gin, products of bile acid breakdown, etc.). One
possible mechanism for lowering cholesterol in
the blood when pectin is included in the diet is
the binding of bile acids, which are products of
cholesterol metabolism. This binding probably
occurs due to the appearance of calcium bridges
between the carboxyl groups of pectins and bile
acid molecules (Bermudez-Oria et al., 2021).

Having a moisture-binding ability (in some
cases up to 100 volumes per 1 volume of pec-
tin) and at the same time sharply increasing in
volume, pectin, along with other dietary fibers,
improves the motor-evacuation function of the
digestive canal and has a normalising effect on
the intestinal microflora. Thus, pectins facilitate
normal intestinal motility. The possibility of
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using pectin for the treatment of hypertension
was also investigated. It was found that with
oral administration of pectin 0.5-1.0 g 3 times a
day in patients with stage 1 and 2 of the hyper-
tension disease, a persistent (for 4-10 months)
decrease in blood pressure and improvement in
general condition were observed. Pectin is par-
ticularly effective in combination with ascorbic
acid (Kruger et al., 2020). The affinity of pectin
for phenols makes it an excellent dosage form
when taking vitamins P: quercetin, rutin, rob-
inin, and other flavonoids that are poorly sol-
uble in water. Another phenolic compound,
aspirin, in combination with pectin penetrates
faster into the blood and irritates the stom-
ach wall less (Mercado-Mercado et al., 2020).

Skin ointments containing sulfur, salicylic
and boric acids are prepared based on pectins
(Hosseini et al., 2020). Pectin acid in the intes-
tine forms salts not only with metals but also
with highly toxic nitrogenous bases generated
during the decomposition of amino acids by the
intestinal microflora (ammonia, putrescine, ca-
daverine, neuron, indole, skatole). Pectins from
alkaloid plants (tobacco, rauvolfia) are pro-
duced in the form of salts with alkaloids. Tobac-
co nicotinate can be used to produce alternative
smoking pills (Hosseini et al., 2020)

Japanese researchers reported the forma-
tion of natural pectin salt with alkaloids (dimer-
ic morphine) in the fruits of sleeping poppies
(Papaver somniferum) (Wang et al., 2022). Unlike
the original pectin, such a salt, in which alka-
loid molecules act as bridges that cross macro-
molecules of pectin, is resistant to the action of
pectinolytic enzymes released by phytopatho-
genic fungi. This cross-linked pectin is a barrier
to fungal infections entering the plant. Pectin
acid also has a pronounced bactericidal activi-
ty, being an important regulator of the level of
bacterial contamination of the intestine. Car-
bohydrate residues in pectin macromolecules

Animal Science and Food Technology. 2023. Vol. 14, No. 2

are homologous to bacterial cell ligands for in-
testinal epithelial receptors. The interaction of
pectin and bacterial cells thus blocks the ability
of the latter to adhere to the intestinal wall.
Pectin acid is the least toxic antibiotic for
the human body, does not cause allergies, does
not have the maximum permissible concentra-
tion, and does not cause dysbiosis — the normal
intestinal microflora is insensitive to it. More-
over, good results were obtained in the study
of kiwi pectins as probiotics (Shen et al., 2019).
The hemostatic activity of pectins is
known: being coagulants, they exhibit a hemo-
static effect. In the presence of pectin, blood
clots one and a half to two times faster (Wang et
al., 2021). The combination of hemostatic and
bactericidal properties makes pectin an excel-
lent wound-healing agent (Wang et al., 2021).
Pectins do not cause erythrocyte sedimenta-
tion, so a 0.75% aqueous solution of highly
purified pectin is used as a substitute for blood
plasma, which is more effective than saline.
Based on the results of the study (Brito et
al., 2019) it was found that pectin preparations
have a pronounced hemostatic effect, which
is characterised by a certain chemical compo-
sition: the degree of esterification, molecular
weight, the content of acetyl groups, the pH
of a 1% aqueous solution (Kazemi et al., 2019).
An even more promising substitute for
plasma is a preparation based on pectin acid
ester (Cho et al., 2019; Brito et al., 2019). Pec-
tin sulfate, on the other hand, inhibits blood
clotting like natural poly heparin saccharide
sulfate. Pectin sulfates also inhibit the activi-
ty of hyaluronidase enzymes in some diseases
that destroy connective tissue in the body (Ka-
zemi et al., 2019; Kruger et al., 2020). Pectin
sulfate esters are also applicable as anti-in-
flammatory agents.
American oncologists have proven that
pectin forms a strong complex with cancer cells
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(Chauhan et al., 2020). It is assumed that galac-
tose sequences on pectin macromolecules are
specific to protein complexes on the surface of
cancer cells responsible for adhesion to healthy
tissues. Rhamnogalacturonan I has the greatest
antimetastatic effect (Chauhan et al., 2020). The
ability to inhibit the proliferation of malignant
cellswasfoundincitruspectin(Pradoetal.,2019).

Pectins dramatically activate the immune
response (Su et al., 2023). Pectins from angel-
ica, Eleutherococcus, hollyhock, astragalus,
marigold, mullein, plantain, stinging nettle,
and many other plants stimulate supplements
and promote the production of interleukin-2.
The antiviral effect of tragacanth gum from
Astragalus can be explained by this. This gum
at a dose of 3.2-100 mcg/kg of body weight
completely protects mice from infection with
cytomegalovirus (Frediansyah, 2021). More re-
cently, pectin has been isolated from the leaves
of Aspalathus linearis, which inhibits the repro-
duction of HIV, again affecting the human im-
mune system (Webster et al., 2019).

At the Nutrition Research Institute (Wash-
ington), studies were conducted on screening
pectin drugs for the relief of toxic pulmonary
oedema with nitrogen dioxide. The most effec-
tive product purified by diafiltration is obtained
from beet pectin (Teaford et al., 2020).

The Centre for Preventive and curative nu-
trition (Prague) developed a method for treating
obesity using diet therapy in combination with
a protein-pectin complex (Yang et al., 2021).
Pectin derived from hollyhock is a fairly strong
antitussive agent (Ciriminna et al., 2020).

The most important factors for obtain-
ing high-quality pectin are the purity of raw
materials and their chemical composition. To
ensure the quality of pectin, it is necessary to
use high-quality raw materials and control pro-
duction processes, this area of research will be
presented in the following publications.

The papers of many Ukrainian and foreign
researchers are devoted to the investigation of
methods for obtaining pectin from a variety of
pectin-containing plant raw materials. The pa-
pers mainly cover studies on the extraction of
pectin from various plant raw materials using
reagents of various origins (Sukhenko et al.,
2019), but too little attention is paid to the anal-
ysis of the raw material base for its production.

Some Ukrainian and foreign enterprises
receive juice from pumpkin pulp, which is used
in the food industry. This leads to a significant
amount of waste in the form of pumpkin pom-
ace, which contains a variety of biologically
active substances such as vitamins, carbohy-
drates, polysaccharides, and fatty acids, which
can be a promising source for their production.
However, today enterprises dispose of pumpkin
waste (pomace from the pulp is thrown away,
and meal from seeds is sometimes used for
feeding livestock) (Palamarchuk et al., 2022). It
is known from literature sources that the mass
fraction of pectin substances in pumpkins range
from 10% to 20%. Therefore, the technology of
obtaining pumpkin pectin, as well as grape pec-
tin, needs further study and improvement.

Extracting pectin in its pure form from
plant raw materials is impractical and very
difficult, especially in certain cases. In the
process of such extraction, all multivitamins
that are inherent in this raw material are lost
(Su et al., 2023). Therefore, to completely and
efficiently remove pectins from plant raw ma-
terials, it is necessary to solve many problems.
One of the important tasks is to maintain the
optimal temperature during the process since
pectin belongs to macromolecular compounds
and does not melt. However, when the temper-
ature reaches more than 90°C, it begins to de-
compose, its molecular weight decreases, and
its ability to bind toxic substances and heavy
metals is lost (Shen et al., 2019). Therefore,
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it should be highlighted that pectin can not
be boiled. This is especially important when
choosing equipment for the hydrolysis of plant
raw materials.

Another important task in the production
of pectin pastes is the mechanical purification
of pectin extract from solid microparticles since
the presence of foreign impurities can affect
the quality of the finished product - its color
and taste. For this purpose, filtration or centrif-
ugal cleaning is most often used.

In addition, pectin-containing raw ma-
terials should not contain sugars that can be
reduced, as this can lead to the formation of
dark compounds, such as melanoidin, which
complicate the process of lightening pectin
extract. Therefore, the residual sugar content
during the production of pectin pastes should
be minimal, as this is an important require-
ment for obtaining light products. The main
properties of pectin-containing substances that
must be considered in the production of pec-
tin-containing pastes are as follows: solubility,
viscosity, gelling power, and complexing abili-
ty. Equally important factors are the establish-
ment of optimal operating modes of production
processes: the ratio of dry substances to the
liquid phase, pH of the medium, temperature,
and time. These conditions may be different for
different raw materials and their physical and
chemical state.

Based on the realities of today, pectins
have gained special importance in the last three
decades, when information appeared about the
ability of pectin to form complexes and remove
lead, copper, mercury, zinc, cobalt, molybde-
num, radionuclides cesium-137, strontium-90,
radium, etc. from the human body. Pectin sub-
stances also can absorb and remove biogen-
ic toxins, analytics, xenobiotics, pesticides,
metabolic products, and biologically harmful
substances that can accumulate in the human
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body. Pectin substances can also have a positive
effect on the content of cholesterol, bile acids,
urea, mast cell products, and toxin-forming
fungi. Researchers around the world are stud-
ying the properties of pectin, discovering more
and more of its healing qualities.

Because pectin is based on galacturonic
acid molecules, it is a unique biologically ac-
tive product with health-improving and ra-
dioprotective properties (Albuquerque et al.,
2022). Pectin substances are used to treat dia-
betes mellitus, atherosclerosis, and hemophil-
ia, in the healing of wounds and burns, and in
the treatment of bacterial infectious diseases
of the gastrointestinal tract. As a component
of plants, pectin substances have always been
components of food since the origin of man.
According to the World Health Organisation,
pectin substances are recognised as absolute-
ly toxicologically safe food products. There are
no restrictions on their use and they are recog-
nised in most countries of the world as valuable
food products (Sukhenko et al., 2019).

Pectins are currently one of the most de-
manded and widely used food ingredients due
to their multifunctionality in the world of pec-
tin, also known by the code name E-440 (Chiu
et al., 2022). On the one hand, dietary fibers
are used as technological additives that can
change the structure and chemical properties
of food, and on the other hand, dietary fibers
are excellent functional ingredients that can
favorably affect individual systems and the
entire human body.

Conclusions
In the current environmental situation, es-
pecially in Ukraine, there is an urgent need
for healthcare products, among which pectins
occupy a special place. Evaluating modern
achievements in the study of pectin produc-
tion, it can be stated that pectins are a unique
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product that has gained a strong place in mod-
ern food technologies. At the same time, it has
a wide range of biological activities.

Pectins are used for therapeutic and pre-
ventive purposes - in the treatment of dia-
betes, atherosclerosis, heart ischemia, and
diseases of the gastrointestinal tract, they in-
crease the body’s resistance to allergies, nor-
malise the amount of cholesterol, and are used
as regulators of metabolic processes in the hu-
man body. In the literature, there are data on
the effectiveness of pectins in the treatment of
cancer tumors. Thus, modern research allows
expanding the scope of application of pectin
substances, which leads to an increase in mar-
ket demand for pectin.

Based on the results of the study, the main
physicochemical, structural, and biological
properties of raw materials of plant origin for
the synthesis of pectins isolated from various
types of traditional and unconventional raw
materials are analysed. The possibilities of us-
ing pectins in the food industry for lightening
whey, improving the quality of bread, and mak-
ing functional products that have a therapeutic
and health-improving effect are revealed.

It is established that at the present stage
of development of industrial production, man-

impact on their natural properties and will not
disrupt the balance of the main components.
The use of pectin will increase immunity and
avoid many diseases in the human body, and
the development and introduction of new vari-
eties of pectins in industrial production will ex-
pand the range of useful and inexpensive food
products with unique properties.

The combination of different types of pec-
tins from raw materials of plant origin can con-
tribute to the creation of completely new prod-
ucts or dosage forms with improved properties,
open up new markets for export, and create new
jobs in the post-war period. Possible areas for
further research in the context of this problem
may be the following: the investigation of the
influence of plant growth factors and process-
ing on the content and quality of pectin, the
use of new methods of analysis and quality
control of pectin, the study of the use of indus-
trial waste for obtaining additional products,
the improvement of purification and refining
of pectin, the study of the possibilities of using
genetically modified organisms for the produc-
tion of pectin, or the use of enzymatic process-
es to increase the yield of pectin.
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AHoranisn. [logaBaHHSI TEKTMHY B XapuoBi MPOAYTM MAa€ BasKIMBE 3HAUEHHSI OCKIIbKM Iieit
TIPUPOJHMIA TIONicaxapuf, Bifjirpae BaXXIMBY PO/Ib y MOKpAllleHHi SIKOCTi Ta CTiIKOCTi MPORYKTY,
BiH JO3BOJISIE SKiCHO 30epiraTM WPOAYKTM, SIKi MalThb TpMUBAIMIA TepMiH 30epiraHHs, IO
BaKJIMBO JIJ1S1 30epeskeHHST 3M0POB'S Ta T06POOYTY CIIOKMBaYiB. MeTOW JOCTIIKEHHST € BUBUEHHS
OCHOBHMX CUPOBUHHMUX JI3KEPET POCIMHHOTO MTOXOAKEHHS IJIST CUHTE3Y TEeKTUHY, SIKi MOXKYTb GYTU
BMKODNCTaHiI B SIKOCTi I1epCIeKTMBHOI CMPOBMHM JJIs1 MiATIPUMEMCTB XapyoOBOi MPOMMCIOBOCTL
Ykpaiuu. JoctiIKkeHHS TPOBOIWIN 3 BUKOPUCTAHHSIM Pi3HOMaHITHMUX METO/IiB aHali3y, TpOBeleHO
I'PYHTOBHMI MOPIBHSUIbHUI aHali3 HAYKOBMX Ipallb BITUM3HSIHUX Ta 3aKOPJOHHMX BUEHMX, SIKi
po3MillleHo B HayRoMeTpuuHux 6a3ax Scopus, Web of Science, Journal Citation Reports, Scimago
Journal & Country Rank Ta Google Scholar. 3a pe3synbraTamu aHaJITUYHUX OOCTiIKEeHb, OYII0
MPOBeJIeHO aHa/li3 OCHOBHMX CUPOBUMHHUX JiKepesi, SIKi BUKOPUCTOBYIOTHCSI JJISI BUPOOHMUIITBA
MEeKTUHY Ta TMEKTMHOBMICTHMX TAaCT, BCTAHOBJIEHO OCHOBHI MPOGIeMM TEXHOJOTiYHOTO IMpPOoIecy
BUPOGHUIITBA. BCTAaHOBJIEHO, IO AOAABAHHS MEKTMHY B XapyuoBi MPOAYKTM MOXKE MAaTM 3HAUHY
KiJIbKiCTb, ITepeBar: 36i/bIIeHHS B'I3KOCTi TPOAYKTY, 110 KOPMUCHO /151 CTBOPEHHSI IYCTOTO TEKCTYPU
MIPOAYKTY; MiABUILEHHS CTilKiCTh TPOLYKTY IO TEPMiUYHOT 06POOKY, 3MEHIIYIOUM PU3UK PO3iIEHHS
MPOAYKTY 260 3HVSKEHHS SIKOCTi; 36iMblIeHHST (QYHKIIOHATLHOCTI, BBEIEHHSI B MPOMYKTU MOXKe
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JOTIOMOI'TY IIOKPALIUTY KOHCUCTEHLIi0 Ta BUITISIZL, TIPOAYKTY, OLATY CMaK Ta KOJIbOPOBi BJIaCTUBOCTI
Ta 3HU3UTU KiIbKiCTh LYKPY, IKMiT MOTPiGHO JOJABATY IO IIPOAYKTY 115 3a6e31eUeHHs B'SI3KOCTi Ta
CMaKy. BcTaHOBJIEHO, 1110 OCHOBHOIO CMPOBMHOIO J/1SI BUDOOHUIITBA TEKTUHY B YKpAiHi € IO S6TYK.
IloBeIeHO, 110 TTeKTYH MOKHA OTPMMAaTH 3 iHIIMX QPYKTIB, SITi/I Ta OBOYiB, TAKMX arpyc, CMOpPOIMHa,
BUIITHS, rapOy3u Ta iHmi. [HTeHcudikalis mpoiecy BUpOGHUIITBA MTEKTUHY TIOBMHHA 3a0€3MeUnTI
HaceseHHS SIKICHUM IIPOLYKTOM, 110 JO3BOIUTH 3aM06iraTy pisHOro TUITY iHTOKCMKALLISIM, IIJISIXOM
BUBEZIEHHS 3 OPraHi3My pafiOHYK/IiAiB i CIPUSTMME 03[0POBJIEHHIO JIOel Yy MiCISIBOEHHMIA Yac.
[TpakTUyHe 3HaYEeHHS LbOTO AOCTiIPKEHHSI TI0JISra€ B MOK/IMBOCTI JOITOMOITY BUPOOHMKAM 3HATH
ONTMMAJbHI JIKepesa CUPOBUHM, SIKi MAlOTh BUCOKWMII BMICT MEKTMHY, 3 METOI0 3abe3leyeHHs
SIKOCTi KiHIIeBOro mponyKry. Kpim Toro, 1e gociipKkeHHsS TaKOXK SO3BOIUTH PO3POOUTY BiAMOBigHI
TeXHOJIOTIUHI pillleHHs AJIs1 ONITUMAaIbHOTO MPOIlecy BUPOOHUIITBA ITEKTUHY 3 BUOPaHOI CUPOBUHM

KimiouoBi «/1oBa: MpOMyKTM XapuyBaHHS; TepMiH 36epiraHHs; MEKTMHOBI IMacTU; POCIMHHA
CUPOBMHA; MPOIIEC BUPOGHUIITBA
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Abstract. The study of factors affecting the humidity and contamination of the outer and inner
zones of the staple, which further affects the yield of pure wool and its technological properties,
is one of the current problems of fine-fleeced sheep breeding. Purpose of the study - evaluate the
protective properties of wool fleece depending on the rank of breeding differentiation of sheep.
The determination of ranks is based on the regularities of the normal distribution of animals in
the population and herd reproduction indicators. 10 ranks were used. The paper presents the
results of a laboratory study of the content of mineral impurities and the degree of contamination
of the staple. Sheep were divided into 10 ranks of breeding differentiation. The regularities of
the normal distribution of animals in the population are considered. The obtained data indicate
that the variety of sheep in terms of the content of mineral impurities in wool is very large. The
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coefficient of variation is 35% with a variation in the ranks of breeding differentiation from 13.7
to 38.4%. With an increase in the group of the total value of sheep for breeding purposes, the
value of the coefficient of variation decreases (rs=-0.871+0.245). With an increase in the ranks of
breeding differentiation, the average absolute indicators of contamination of the outer zone of the
staple tend to increase (rs=+0.257 +0.483), and the relative values decrease (rs =-0.600 = 0.400).
The average absolute contamination rate of the inner zone of the staple is 3.02 cm with a range
of ranks from 2.83 to 3.29 cm. According to the relative degree of contamination, these indicators
are 32.5% and from 31.0 to 35.2%, respectively. With an increase in the breeding differentiation
rank of sheep, the absolute indicators of contamination of the length of the inner zone of the
staple increase (rs=+0.600 £ 0.400), and relative values tend to decrease (rs=-0.486+0.437). The
individual variety of ewes in terms of the degree of contamination of the inner zone of the staple
is quite high. The coefficients of variation for absolute and relative indicators of this feature are
28.5 and 30.4%, respectively. The value of the coefficients of variation decreases slightly with an
increase in the ranks of breeding purposes of animals. The rank correlation is -0.371+0.464 in
absolute terms and -0.543+0.420 in relative terms. Breeding differentials of the leading groups
of ewes are low. Using this rank technique allows controlling the system of sheep valuation,
supplementing it with the value of breeding differentials at the final stages of analysis and
selection; in production conditions allows forming technological groups of sheep to produce
outstanding ram breeders

Keywords: merinos; sheep; impurity content; degree of contamination; staple; pure wool

Introduction

Wool is the main product of fine-fleeced sheep
and an important raw material for the light in-
dustry. However, its production in many coun-
tries and around the world has recently de-
clined significantly (Avercheva, 2020; Suprun
et al., 2021). One of the reasons for this is that
the cost of wool production is higher than the
selling price. Increasing the level of profita-
bility of sheep farming largely depends on the
quality of products. A significant reserve for the
production of high-quality wool is the breed
improvement of sheep. This is evidenced by the
positive effect of using Australian Merino and
New Zealand Corriedales. As noted by N. Boyko
et al. (2022) the assessment of the physical and
technical parameters of wool is necessarily reg-
ulated by the current state standards and in-
structions for conducting breeding work. This

determines the effectiveness of breeding for
further improvement of sheep breeds.

Current positive trends in the development
ofthe agricultural sector of Ukraine also indicate
encouraging prospects for sheep farming. The
issue of creating specialised genotypes of mut-
ton and dairy sheep is being resolved (Vdovy-
chenko & Zharuk, 2019). Existing breeds are be-
ing improved to increase precocity and growth
intensity (Makovicky et al., 2019; Pomitun et al.,
2021), fattening and mutton qualities (Mashner
& Lyutskanov, 2019). A comprehensive assess-
ment of sheep with productivity is carried out
aimed at improving the quality of wool (Korkh
et al., 2022; Ramos et al., 2023). The protective
properties of wool suint are studied in sheep of
various breeds (Stapai et al., 2019; Korbych &
Salyvonchyk, 2019; Korbych & Odnorih, 2021).
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Recently, when crossing sheep of the wool
direction of productivity with sheep of mutton
breeds, offspring of an improved meat type are
obtained, which increases the profitability of
both wool and lamb production. N. Boyko et al.
(2022) investigated the qualitative characteris-
tics of sheep wool of the Prydniprovska mutton
breed in relation to their gender and genotype.
Thus, in sheep and yearling ewes, the degree of
wool fineness is mainly 58-60 points of quality,
in replacement rams and breeding rams — 56-
60 points. The light colour of the suint was ob-
served in yearling ewes of the MOI genotype,
which outperformed the ML, MDt, and MT gen-
otypes by 60%, 20%, and 50%, respectively. The
average score for suint quality ranged from 3
points in yearling ewes of the MDt genotype to 5
points in sheep of the MOI genotype. The share
of technologically more valuable light suint in
the wool of MOl yearling ewes led to an increase
in the overall score for its quality by 2.0 points
or 66.7 %. According to P. Stapai et al. (2019) the
use of Suffolk rams on Prekos ewes also had a
positive effect on the quantitative and qual-
itative parameters of suint in their offspring.

According to M.L. Heimbuch et al. (2023)
the genetically determined makings of high
sheep productivity based on traits that meet
the needs of global and domestic markets for
sheep products are of particular importance.
The hereditary makings of organisms change
under the influence of selection (Herman et al.,
2019; Ramos et al., 2021). The use of modern
breeding methods is an important scientific
and industrial task. The theoretical basis for
the selection of farm animals, including sheep,
consists of patterns of heredity, variability, se-
lection, breeding, and features of the develop-
ment and use of the breeding structure of the
population. The effectiveness of the breeding
process depends on the actual effectiveness
of the selection and use of breeding rams and

Animal Science and Food Technology. 2023. Vol. 14, No. 2

ewes (Pomitun et al., 2020; Ramos et al., 2023).
Sheep make up the largest group of animals in
the herd structure. They are in the production
process for a long time and significantly affect
the formation of a variety of hereditary produc-
tivity traits of new generations of descendants
in the population. The individual productivity
variety of sheep is significantly higher than that
of sheep producers. But it is very difficult to ef-
fectively use this variety for breeding purposes,
since the total number of ewes in the herd is too
large for the rapid detection and widespread use
of individual highly productive ewes. Therefore,
there was an objective need for breeding divi-
sion of the number of ewes into separate groups
(ranks of breeding differentiation), depending
on the complex level of animal productivity.
In this regard, the purpose of the study was to
evaluate the protective properties of the sheep
wool fleece depending on the rank of breeding
differentiation.

Materials and Methods

The study was conducted on a number of Tau-
rian ewes (n=130) of the Askanian fine-fleeced
sheep breed, according to breeding records
from the “Chervonyi Chaban” breeding plant in
the Kherson oblast.

During valuation, the entire number of
sheep (4 flocks) was divided according to the
breeding differentiation ranks. The determina-
tion of ranks is based on the regularities of the
normal distribution of animals in the popula-
tion and herd reproduction indicators. 10 ranks
were used. The 1st rank (elite unique) includes
sheep with an excess of the average level of pro-
ductivity by three standard deviations (+3c) or
more; the 2nd (elite selective) — excess from +2
to+3c; 3" (elite breeding) — from +1 up to + 2c0; 4"
(repair elite) — within +1c; 5 (standard elite) —
animals that have average productivity indica-
tors; 6th (mediocre elite) — deviation within up
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to -1o from the average level of productivity; 7%
(first-class standard) - from -1 to -2c; 8% (first-
class mediocre) — deviation to -3c; 9™ (sec-
ond-class) and 10%" (rejects) — deviation from
the average level of productivity exceeds -3c.

For laboratory testing of wool within each
flock of sheep, 5% of animals were selected by
random sampling (every 20" ewe). Wool sam-
ples weighing 30-40 g were selected from each
animal selected for analysis, which were sub-
jected to laboratory tests. The content of min-
eral impurities and the depth of contamination
of the outer and inner zones of the staple were
determined in wool. The content of mineral im-
purities in the wool was determined by washing
in a soap-soda solution, followed by drying to
a constant weight of samples. Contamination
of the outer and inner zones of the staple was
determined by measuring the depth of penetra-
tion of mineral impurities. Measurements were
made directly in the staples and between staples.

Within the groups formed by the rank of
breeding differentiation and for the entire
population of experimental ewes, the average
development indicators of each of the consid-
ered traits (M +m) and variability coefficients
(Cv, %), which were calculated by the ratio of
the mean square deviation to the average in
the group; breeding differentials (Sd) and the
value of rank correlation (rs) as an indicator of
the dynamics of genetic and population param-
eters were determined. During the study, the
technology of keeping sheep in the “Chervonyi
Chaban” breeding plant did not change. Ewes
received a diet according to generally accept-
ed feeding standards. When working with an-
imals, the bioethical requirements of the Law

of Ukraine No. 3447-1V “On the Protection of
Animals from Cruelty” (2006) and ARRIVE
guidelines for reporting experiments using live
animals were observed.

Results and Discussion

As noted by R. Atav et al. (2020), the complex
productivity of fine-fleeced sheep includes a
significant number of qualitative character-
istics. In breeding practice, qualitative char-
acteristics in most cases are evaluated during
sheep valuation (main, preliminary, and addi-
tional). They are also evaluated in production
conditions when classifying wool and preparing
raw materials for sale. A significant number of
qualitative features are evaluated by laboratory
methods. Conducting studies of wool in certi-
fied laboratories allows evaluating its charac-
teristics and determining a number of features
that determine the shearing of wool and its
changes in the sheep ontogenesis. These signs
include: the content of fat and sweat in wool;
the sweat: fat ratio; the content of impurities
and moisture in the fleece; absolute and rela-
tive contamination of the outer and inner zones
of the staple. These signs characterise the pro-
tective properties of wool fleece as one of the
important components of its quality properties.
In the course of the study, the protective
properties of the wool fleece (for each rank) are
established based on the content of mineral
impurities in the wool and the degree of con-
tamination of the length of the inner and outer
zones of the staple. On average, the constant
weight of unwashed wool contains 17.1%. Per-
centage of mineral impurities with fluctuations
in sheep groups from 16.1 to 19.9% (Table 1).

Table 1. Content of mineral impurities in a constant weight of unwashed wool, %

Rank number n M*m

Lim

Cv, % -
min max

1-2 3 19.6+1.56

13.7 16.7 22.0
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Table 1. Continued

Lim
Rank number n M=m Cv, % -
min max
3 12 19.9+£1.72 30.0 11.1 26.4
4 26 17.7+£1.13 32.7 9.0 30.6
5-6 52 16.1+£0.85 38.4 7.4 31.6
7-8 28 17.2+1.12 34.3 5.8 29.5
9-10 9 17.0%£2.17 38.4 10.6 31.7
In the entire 130 17.1+0.53 35.0 5.8 31.7
sample

With an increase in the rank of breeding
differentiation of sheep, the slightly increasing
content of impurities in wool increased slight-
ly (rs=+0.771£0.358). This situation can occur
when combining clippings of pure wool and
sufficient size from animals with a relatively
low density and suint content in fleece. In this
regard, it is possible to modify the patterns due
to economic and environmental conditions in
the industrial use of sheep. The limits of in-
dividual indicators of the content of mineral
impurities in wool ranged from 5.8 to 31.7 %.
The difference was 25.9%. According to the
gradations of breeding differentiation, this dif-
ference ranged from 5.3 to 24.6%. For breeding
groups of sheep, the minimum mineral impu-
rity content increased (rs =+0.657 £0.377), the
maximum - decreased (rs=-0.829 +0.280), and
the difference between them also decreased
(rs=-0.800£0.300).

The variety of ewes in terms of the content
of mineral impurities in wool is very large. The
variation coefficient is 35% with a divergence

in the ranks of breeding differentiation from
13.7 to 38.4%. With an increase in the group
of total value of sheep for breeding purposes,
the value of the variation coefficient decreased
(rs=-0.871+0.245). But this is not an obstacle
to improving the protective properties of fleece,
since there was a significant variety of sheep in
terms of the content of mineral impurities in
the coat. Average differential of the first three
groups of sheep by this feature varied from 0.6
to 2.8% (relative — from 3.5 to 14.6%). For the
first three groups of sheep, the absolute breed-
ing differential was 1.9%, and the relative dif-
ferential was 11.2 %. This situation with indica-
tors of the content of mineral impurities in the
fleece and a system of careful selection of sheep
according to the complex level of productivity
can be explained by relatively lower indicators
of fat content in sheep wool, some loss of fleece
density, and insufficiently high resistance and
structure of suint content to atmospheric fac-
tors and production conditions of keeping
sheep during the year.

Table 2. Depth of penetration of the outer contaminated zone of the sheep staple, cm

Lim
Rank number n M=m Cv, % "

min max

1-2 3 5.17%0.44 14.8 45 6.0

3 12 446027 21.9 2.5 6.0

4 26 5.00%0.16 16.2 40 6.5

5-6 52 4.72%0.11 17.5 3.0 7.0

78 28 4.96%0.18 19.0 3.5 7.0

9-10 9 4.78%0.26 16.6 40 6.5

In ggfn;rl‘;‘re 130 4.8240.08 17.8 2.5 7.0
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The average absolute depth of penetration
of the contaminated outer staple zone for the
entire sheep population is 4.82 cm with a var-
iation in the ranks of breeding differentiation
from 4.46 to 5.17 cm (Table 2).

According to relative characteristics, these
indicators are 52.5% and from 48.2 to 58.6%, re-
spectively (Table 3).

With an increase in the ranks of breeding
differentiation, the average absolute indicators
of contamination of the outer zone of the staple
tended to increase (rs=+0.257 +0.483), and the
relative values decreased (rs = -0.600 * 0.400).
The limits of individual values of absolute con-
tamination indicators of the outer zone of the
staple were in the range from 2.5 to 7 ¢cm, and
relative values — from 33.3 to 77.7%. For breed-

ing groups of sheep, the difference in individ-
ual extreme values of absolute indicators of
contamination of the outer zone of the staple
ranged from 1.5 to 4.0 cm, and relative — from
15.1 to 37.3%. In the best sheep in terms of
complex value, the absolute minimum indica-
tors of individual diversity remained almost
unchanged (rs = +0.129 # 0.496), the maximum
slightly decreased (rs =-0.643 +0.383), and the
difference between them tended to decrease
(rs=-0.286+0.479). According to relative char-
acteristics, the minimum values of individu-
al animal variety for this trait did not change
(rs=-0.043£0.499), the maximum significantly
decreased (rs = -0.814 * 0.290), the difference
between them also significantly decreased
(rs=-0.814%0.290).

Table 3. Proportion of contamination of the outer zone of the sheep staple, %

Rank number n M=m Cv, % . Lim
min max
1-2 3 54.8+4.36 13.8 474 62.5
3 12 48.2%2.59 18.6 33.3 70.6
4 26 51.9+1.14 11.2 44.1 66.7
5.6 52 51.41.05 14.8 36.8 71.4
7-8 28 55.01.67 16.1 44.4 77.8
9-10 9 58.6+2.64 13.5 44.4 71.4
In the entire 130 52.5£0.70 15.2 33.3 77.8
sample

On the studied livestock, a significant vari-
ety of ewes was found in terms of the degree of
contamination of the outer zone of the staple
in absolute and relative terms. The coefficients
of variation were 17.8% and 15.2%, respective-
ly, with fluctuations in the breeding groups of
animals from 14.8 to 21.9% and from 11.2 to
18.6%, respectively. The value of the variation
coefficients practically did not change due to
the selection of sheep for the complex level of
productivity — the rank correlation for absolute
and relative characteristics was -0.251 + 0.483
and +0.143+0.495, respectively.

Breeding differentials for absolute and rel-
ative indicators of contamination of the outer
zone of the staple of sheep of the first leading
ranks ranged from -0.36 to +0.35 cm and from
-0.6 to -4.3%, respectively. Practically, the be-
longing of sheep to the best groups for breed-
ing purposes was slightly determined by the
specifics of contamination of the outer zone
of the staple. Although in general, with an in-
crease in the rank of breeding differentiation
of sheep, the relative degree of contamina-
tion of the outer zone of the staple decreased
(rs=-0.600+0.400).
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82

Protective properties of the fleece of Taurian ewes...

Table 4. Penetration depth of the inner contaminated zone of the sheep staple, CM

Lim
Rank number n M=m Cv, % -

min max

1-2 3 3.17%0.17 9.1 3.0 3.5

3 12 2.96%0.16 18.3 2.0 4.0

4 26 3.29%0.16 24.4 1.5 5.5

5-6 52 2.90%0.13 33.1 1.0 5.5

7-8 28 3.07+0.18 9.4 1.5 6.0

9-10 9 2.83%0.19 19.7 2.0 3.5

I e enuire 130 3.02+0.08 28.5 1.5 6.0

The average absolute contamination rate
of the inner zone of the staple is 3.02 cm with
a range of ranks from 2.83 to 3.29 cm (Table 4).

According to the relative degree of contam-
ination, these indicators are 32.5% and from
31.0 to 35.2%, respectively (Table 5).

Table 5. Proportion of contamination of the inner zone of the sheep staple, %

Rank number n M+m Cv, % - Lim
min max
1-2 3 33.9£3.29 16.8 273 375
3 12 32.3+1.48 15.9 23.8 38.9
4 26 32.3%1.66 26.2 15.8 50.0
5-6 52 31.0%1.52 35.3 10.5 57.1
7-8 28 34.6+2.14 32.8 17.7 66.7
9-10 9 35.2%2.89 24.6 22.2 46.2
In the entire 130 32.5+0.87 30.4 10.5 66.7
sample

With an increase in the rank of breed-
ing differentiation of sheep, the absolute in-
dicators of contamination of the inner zone
of the staple increased (rs = +0.600 * 0.400),
and the relative values tended to decrease
(rs = -0.486 = 0.437). The limits of individual
absolute indicators of contamination of the
internal staple were in the range from 1.5 to
6.0 cm, and relative characteristics — in the
range from 10.5 to 66.7%. According to the
ranks of sheep breeding differentiation, the
minimum absolute and relative indicators of
individual animal variety tended to increase.
The rank correlation value was -0.486 * 0.437
and +0.457 +0.445. For the maximum individ-
ual indicators, there was a downward trend —

Animal Science and Food Technology. 2023. Vol. 14, No. 2

the rank correlation was -0.657 £ 0.377 and
-0.229 £ 0.487, respectively. The difference be-
tween the maximum and minimum individual
indicators of contamination of the inner zone
of the sheep staple also slightly decreased with
an increase in the rank of breeding differen-
tiation of animals. The rank correlation was
-0.657 £0.377 and -0.388 £ 0.461, respectively.

The individual variety of ewes in terms of
the degree of contamination of the inner zone
of the staple is quite high. The coefficients of
variation for absolute and relative indicators
of this trait were 28.5% and 30.4%, respec-
tively. The value of the coefficients of varia-
tion slightly decreased with an increase in the
ranks of breeding purposes of animals. The
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rank correlation was -0.371 £ 0.464 in abso-
lute terms and -0.543+0.420 in relative terms.
Breeding differentials of the leading groups of
ewes are low.

The established regularities indicate that
the overall rank value of sheep is determined
by other qualitative and quantitative indicators
of the wool productivity of animals. The lack of
protective properties of the fleece characterises
the sheep population as a whole. Therefore, it
is necessary to select and make extensive use
of outstanding animals in this regard. Breed-
ing traits that determine the consumer and
economic value of sheep products are included
in the system of conscious genetic improve-
ment through breeding work in the popula-
tion. Shearing pure wool is the main indicator
of sheep's wool productivity. Many researchers
emphasise that an insufficient amount of fat in
the fleece of sheep leads to a significant dete-
rioration in the natural properties of wool. Ac-
cording to N.M. Korbych & O.M. Salyvonchyk
(2019), N.M. Korbych & S.Iu. Odnorih (2021),
the amount of suint, impurities, and moisture
in the fleece affects both the amount of shear-
ing of unwashed wool and the qualitative fea-
tures of the sheep's coat.

P. Stapai et al. (2019) report that reliable
protection of the natural properties of wool
during its growth, and during primary process-
ing and subsequent use is provided precisely by
suint. Thus, a study of quantitative and qual-
itative indicators of wool suint content was
conducted on full-aged sheep of the Askanian
fine-fleeced, Prekos, and Ukrainian mountain
Carpathian (UMCB) breeds. It was found that
the suint of sheep of the Askanian fine-fleeced
breed contains 18.4% grease, in the Prekos —
12.9%, and in the UMCB - 8.2%. However, in the
suint of UMCB sheep, the proportion of sweat
is the highest — 20.6%, in fine-fleeced sheep, its
amount is much lower: 15.5% in the Askanian

breed and 12.8% in the Prekos. Individual vari-
ations in wool suint are quite significant, which
affects the production of high-quality wool
(Korbych & Odnorih, 2021).

An important criterion for evaluating the
protective properties of sheep suint is the ra-
tio of sweat to wax in its composition. The best
protective properties are provided by suint, in
which there is less than one unit of sweat per
unit of wax. P. Stapai et al. (2019) found that in
sheep of the Askanian fine-fleeced breed, the
wax:sweat ratio is 1:0.84, and in animals of the
Prekos and UMCB breeds, respectively: 1:0.99
and 1:2.52. Similar differences were found in
relation to the pH of sweat. Thus, the lowest
pH values of sweat were found in sheep of
the Askanian fine-fleeced breed - 7.8, slight-
ly higher alkalinity of sweat was observed
in sheep of the Prekos breed - 8.7, and the
highest (9.6) — in the UMCB. By reducing the
content of unesterified fatty acids and polar
lipids, and increasing the content of unesteri-
fied cholesterol and lanosterol, the protective
properties of wool wax are improved. The re-
sults obtained by I. Korkh et al. (2022) suggest
that long-term exposure to high air tempera-
ture on the body of sheep before shearing can
lead to a deterioration of such an important
indicator as the yield of washed wool. Accord-
ing to the data, the ratio of parts of wool fat to
sweat in unwashed wool turned out to be low
and was almost at the same level (desirable for
fine-fleeced sheep): one part of fat accounted
for from 0.7 to 0.8 parts of sweat.

Now considerable attention of breeders is
paid to improving the meat qualities of sheep
(Thorne et al., 2021; Suliman et al., 2021). How-
ever, wool remains a universal product that
enjoys steady consumer demand on the glob-
al market (Tsybukh et al., 2021). Researchers
and practitioners continue to work on creat-
ing new, more competitive breeds and types of
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sheep (Masters & Ferguson, 2019). According
to N. Boyko et al. (2022), the vision of impor-
tant aspects of the development of qualitative
characteristics of wool, including in sheep
meat productivity, will contribute to the organ-
isation of measures to manage the processes
of using raw materials at the stage of primary
processing and improve the technological pro-
cesses of its processing. The researchers note
that the physical and technical characteristics
of wool depend on the strategy of managing
the breeding process. Failure to consider these
parameters with an objective assessment of
them can lead to depreciation of fleece, and,
ultimately, to a decrease in the level of profita-
bility of wool production.

Therefore, the laboratory studies of wool
on the protective properties of Merino fleece
allow the authors to objectively evaluate the
features and components that form wool shear-
ing in sheep ontogenesis, evaluate the quali-
tative characteristics of sheep wool cover, and
detail the system of animal assessment during
valuation. The ultimate goal of breeding is to
improve the average level of productivity and
adaptation indicators. That is why the use of
this rank technique allows controlling the an-
imal assessment system directly in the process
of sheep valuation, supplementing it with the
value of breeding differentials at the final stag-
es of analysis and selection.

Conclusions

The proportion of ewes of different breeding
ranks is as follows: unique and selective elite —
2.3%, breeding elite — 9.3%, repair elite — 20%,
standard and mediocre elite — 40%, first-class
standard and mediocre — 21.5%, second-class
and rejects — 6.9%. Unique and selective ewes
form the basis of the breeding stock to produce
outstanding productive breeding rams. The
first 4 ranks (31.6%) provide the main number
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of repair young stock to replenish the breeding
stock of ewes in the herd.

The average indicators for the studied char-
acteristics of the sheep population are: the con-
tent of impurities in wool — 17.1%, the degree of
depth of contamination, in particular, the outer
zone of the staple — 52.5%, the inner zone of the
staple — 32.5%. When selecting sheep according
to a complex level of productivity, such charac-
teristics as the degree of contamination of the
external and internal zones of the staple do not
have clearly defined breeding differentials. In-
creased indicators of the content of mineral im-
purities in the wool of the best ewes by the rank
of breeding purpose were established.

The insufficient level of hereditary capabil-
ities to combine high protective fleece charac-
teristics in the best ewes in terms of the complex
level of productivity should be recognised as a
disadvantage of the studied flock. The use of
this technique allowed forming a unique group
of sheep (5% of the herd) to produce outstand-
ing breeding rams. The rank system for evalu-
ating and selecting Merino allows effectively
using the gene pool of the sheep population
for breeding purposes. The issue of reducing
the cost of sheep production by improving pro-
duction technology and significantly improving
domestic sheep breeds in terms of the quality
of wool and meat products remains relevant.
The prospects for further study are to investi-
gate important components of the qualitative
properties of wool quality properties in mutton
sheep (using this technique) to successfully
implement the process of improving the sheep
flock as a whole.
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Awuoranig. JlocnigkeHHs: ¢hakTopis, 1110 BIUIMBAIOTh Ha BOJIOTICTh i 3a06pyIHEHICTb 30BHILITHBOT i
BHYTPIIlIHbOi 30H HITAIeI0, 10 B ITOAAJbIIIOMY BIUIMBAE HA BUXiJ UMCTOI BOBHM i ii TexHOMOTiUHi
BJIACTMBOCTI HAJIEXKUTD 10 aKTyaTbHUX ITPO6IEM TOHKOPYHHOTO BiBUapcTBa. MeTa AOCTIIKEHHS —
OIliHKa 3aXMCHUX BJIACTUBOCTEN PyHA BiBIeMATOK 3aJIeXKHO Bif] paHTy CceleKLiitHOoi nudepeHmiaii
oBellb. B OCHOBY BM3HAUeHHS PaHTiB MOKIaJleHO 3aKOHOMipHOCTI HOPMAajabHOTO PO3MOLiTY
TBapyMH B MOMYJSLII i TOKa3HMKY BiATBOpeHHS craja. Bukopucrano 10 paHris. Y cTaTTi HaBejeHO
pe3yabTaTy 1a60PaTOPHOrO AOCTiAKEHHS BMICTy MiHEPAJbHUX JOMIIIOK i CTYTIeHsS 3a6pyIHEHHS
mrraneno. I[IpoBegeHo posmomin BiBiematok Ha 10 paHriB cenekuiiiHoi mudepeHiaiii.
BpaxoBaHO 3aKOHOMipHOCTi HOPMAajJbHOIO DO3MOATYy TBapuH y mnomynsauii. OnmepxkaHi maHi
CBiuaTh, 10 Pi3HOMAHITHICTH BiBIIeMAaTOK 3a MOKa3HMKaMM BMIiCTy MiHepaJbHUX JOMIlIOK Yy
BOBHi myske Benuka. KoediienT Bapiarnii cknamae 35 % 3 KOIMBaHHSIM 3a paHTaMy CeIeKI[iiiHOL
mudepenuianii Big 13,7 mo 38,4 %. Ilpu migBuineHHi rpyny 3arajbHOi IIHHOCTI OBelb 3a
IIeMiHHMM IPU3HAUeHHSIM BeluumuHa KoedinieHTa Bapianii 3meHmyetoscs (rs =-0,871 * 0,245).
IIpu 3pocTaHHi paHTiB cenekiiitHol agudepeHianii cepegHi abCOMIOTHI MOKA3HUKY 3a06pyIHEHHS
30BHILIIHbOI 30HM IITAIETI0 MalTh TEHAEHIIiI0 10 36inbineHHs (rs =+0,257 +0,483), a BigHOCHi —
3MeHIyIThCs (1S = -0,600 + 0,400). CepenHiit aGCOMIOTHNUI MTOKA3HUK 3a6PyIHEHHSI BHYTPillTHbO1
30HMU LITamnemnto ckiaagae 3,02 cM 3 KOMMBaHHIM 3a paHramu Bif 2,83 mo 3,29 cM. 3a BiZHOCHUM
CTyIIeHeM 3a6pyIgHeHHS 1Ii TTOKasHUKM CKIaAaloTh BigmosigHo 32,5 % i Big 31,0 mo 35,2 %. IIpu
3pOCTaHHi paHry cenekiiitHoi audepeHiIiialii BiBlieMaTOK abGCOMIOTHI MOKA3HUKY 3a6pyIHEHHS
JOBXMHM BHYTPIITHBOI 30HM ImITamento 36inbmryiorbes (rs = +0,600 + 0,400), a BiJHOCHI MawTb
TeHJeHIlil0 10 3MeHIIeHHs (rs =-0,486 = 0,437). [HAuBigyanbHa pPi3HOMAHITHICTh BiBLIeMAaTOK 3a
CTyIleHeM 3a0pyfHeHHS BHYTDILIHbOI 30HM LITAmeNo AOCUTh Bucoka. KoedimienTn Bapiauii 3a
abCoMIOTHMMM i BifHOCHMMM MOKasHMKaMy 1liei 03HaKM CKIafaloTh BimmosimHo 28,5 i 30,4 %.
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BemuunHa KoedillieHTiB Bapiallii melmo 3MeHIIYETbCS TMPM 3POCTAHHI PAHTIB CENeKI[iiHOTO
MpU3HAYeHHs] TBapMH. PaHTOBa KOpesAlLlis cKiafae 3a abcomoTHMMM okasHuKamu -0,371+0,464
i BigHOCHMMMU — -0,543 +0,420. CenexuiitHi tudepeHLianm MPOBiSHMUX IPYIl BiBLIeMaTOK HEBUCOKI.
BukopucraHHs maHOi paHTOBOI METOOMKM O3BOJISIE KOHTPOJIOBATU CUCTEMY OILIIHKM TBapuUH
B MpoIieci GOHITYBaHHS OBellb, NOMOBHIOBATM ii BEIMUMHOIO CENEKUiiiHUX audepeHIlianiB Ha
MiJCYMKOBMX eTalax aHaji3y Ta Bigbopy; y BUpOGHMUMX YMOBaxX GOPMYBATH TEXHOIOTIUHI TPy
BiBLIEMATOK JIJIs1 OJlep>KaHHS BUIATHUX OapaHiB-TUTiIHUKIB

KirouoBi cimoBa: MepyHOCH; BiBIIi; BMiCT JOMIIIIOK; CTYIiHb 3a6pyIHEHHS ; IITATIe/b; UMCTa BOBHA
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Abstract. Various molecular genetic markers are used to comprehensively assess the breeding
value of animals based on genetic information. Therefore, an important place in the qualitative
improvement of beef cattle breeds is occupied by the improvement of methods of animal
selection using the immunogenetic characteristics of their blood. The purpose of the study is to
determine the dependence of weight growth and meat productivity of animals of the Ukrainian
beef breed on the number of similar antigenic factors of the B blood group system in them and
their mothers. After weaning, the first group contained bulls (n=12) who had similar antigens
from 2 to 6 inclusive. The second group (n=15) - from 7 to 13. When studying the features of
weight gain and meat productivity of bulls, it was proved that the similarity in the B system
of cattle blood groups between mother and offspring is informative regarding the homo- or
heterozygosity of the latter. It was found that animals with a lower amount of antigens similar to
the mother outperformed (by 9.3%) homozygous peers in the test from 8 to 18 months of age in
terms of average daily weight gain and had a higher live weight (by 8.0%) at 18 months, indicating
their better early maturity. With lower antigenic similarity between mother and offspring, the
expression of meat forms is 7.8% and 6.0% higher, respectively, at 15 and 18 months of age.

Suggested Citation:

Ugnivenko, A., & Natalych, O. (2023). Growth and meat productivity of bulls depending on the
similarity of their blood group B antigens with mothers. Animal Science and Food Technology, 14(2),
89-99. doi: 10.31548/animal.2.2023.89.

“Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)



90

Growth and meat productivity of bulls...

After slaughter, there is no significant difference between homozygous and heterozygous bulls
in terms of meat productivity, including pre-slaughter live and slaughter weight. When selecting
offsprings with fewer antigens similar to their mother, they tend to reduce the slaughter yield (by
0.5 points) and the muscle content in carcasses (by 3.2%). The selection of bulls of Ukrainian beef
breed with a smaller number of antigens of the B blood group system, similar to mothers, will
help to improve their weight growth and the expression of meat forms, and will allow predicting

future meat productivity

Keywords: breeding; live weight; average daily increment; Ukrainian beef breed; cattle breeding

Introduction

In the genetic progress of cattle of local breeds,
the substantiation of animal breeding methods
is of great importance. They are selected in a va-
riety of ways, including by telomere length meas-
ured in white blood cells, as they are associated
with health, ageing, and stress (Ilska-Warner
et al., 2019), genomic selection (Gutierrez-Re-
inoso et al., 2021) and epigenetic regulatory
mechanisms (Wang & Ibeagha-Awemu, 2021).

The productivity of offspring depends on
the compatibility of parents for antigens of the
B blood group system. Studies on animals of the
Ukrainian beef breed indicate ambiguous re-
sults of the relationship between the similarity
of parents by blood group factors and the off-
spring productivity. Thus, it is proved that bulls
that are descended from their parents with a
larger r,  predominate in terms of average dai-
ly increments and have a larger live weight. If
r, in parents is more than 0.268, animals tend
to improve their growth rate by the age of 8
months (Ugnivenko & Natalych, 2021). This
trend continues after weaning. In bulls received
from parents with r_ up to 0.267, average daily
increments are better in the period from 15 to
18 months, which indicates a lower precocity.
According to the index of antigenic similarity
of parents over 0.268, animals are better in the
expression of meat forms at the age of 15 and
18 months. At 15 months, bulls obtained from

Animal Science and Food Technology. 2023. Vol. 14, No. 2

homogeneous selection, according to r,, have
lower height measurements, a better developed
front part of the body in terms of chest width
and depth, and a longer torso and backside.
According to the homogeneous selection of
fathers in their offsprings, in comparison with
peers from heterogeneous mating, there is a
tendency to increase the content of muscle (by
4.2%), adipose tissue in carcasses (by 12.4%),
including between muscles (by 1.1 points)
(Ugnivenko & Natalych, 2022). Per kilogramme
of bones, the boneless meat is 11.6% less, the
muscle tissue index is 17.2% worse, the abso-
lute weight of the liver is 7.8% less, the kidneys
are 10.0% less, the heart is 27.8% less, the head
is 2.0% worse, and the lungs are 11.6% less. In
bulls from a heterogeneous selection of parents
with r,_ up to 0.267, there is 7.2% more adipose
tissue in the body, including 7.8% more internal
tissue, and the relative weight of bones is 0.8
points higher. For sheep of the Kazakh meat-
wool semi-fine-fleeced breed, the erythrocyte
antigen Ab is informative, which correlates
with a large shearing of wool (Islamov et. al.,
2020). Among sheep of wool and coarse-wool
types, carriers of B-factor blood groups showed
an increase in the level of wool productivity.
According to the genetic mechanism of
these relationships, alleles are influenced by
the heterotic state, since the similarity between
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the body of the offspring and the mother in
terms of antigens affects their differences and
determines the degree of compatibility or het-
erospecificity.

The problem of growth and meat produc-
tivity of offspring with different amounts of an-
tigens of the B blood group system in them and
mothers is not sufficiently studied. Information
on the characteristics of meat productivity in
bulls of local breeds that have different similar-
ities with their mothers in terms of antigens is
useful and necessary for the efficient and tar-
geted production of beef and its valuable com-
ponents. The purpose of the study is to deter-
mine the influence of the number of similar B
blood group antigens in mothers and offsprings
on their weight growth and meat productivity
in Ukrainian beef cattle.

Materials and Methods

The analysis of the growth and meat productiv-
ity of bulls of the Ukrainian beef breed for dif-
ferent amounts of antigens of the B blood group
system in them and their mothers were carried
out in 2021 based on the materials of breeding
accounting and production activities of the
breeding plant “Volya” in Cherkasy oblast. Up

to 6-7 months of age, they were reared on suck-
ling cows. After weaning, well-developed bulls
were tested for the likelihood of origin by blood
type factors. For this purpose, bovine eryth-
rocyte antigens were used according to the
blood group B system published (Podoba et al.,
1987) in the catalogue “Blood types of breed-
er bulls and cows used in the breeding of dairy
and beef breeds of cattle”. Bulls were selected
in 2 groups. The first group included animals
(n=12) according to the number of erythrocyte
antigens of the B blood group system in them
and their mothers from 2 to 6. In the second
group (n=15), the number of erythrocyte an-
tigens ranged from 7 to 13. Intensive growing
of bulls was carried out from 8 to 18 months of
age according to diets compiled in accordance
with the norms. The tests were carried out in-
doors on a tethered system. The feed eaten by
each bull was counted every ten days for two
consecutive days, weighing before feeding the
animals, and its remains — after. The actually
consumed feed was used to calculate its energy
value (in oat fodder units) and costs per 1 kg of
live weight gain. There was no significant dif-
ference in feed consumption between the bull
groups (Table 1).

Table 1. Feed intake from 8 to 18 months of age by bulls who have different similarities with their
mothers in terms of blood group factors of the B system

Group 1 Group 2
Feed
fodder units % fodder units %
Concentrated 1.542+121.0 50.9+0.98 1.468+95.8 47.7+0.73
Coarse 363+38.4 12.0+£1.22 454+98.5 14.1+2.37
Succulent 468+53.4 15.4+1.88 530+83.4 16.8+1.84
Green 657+119.6 21.7+2.55 634+93.8 21.4+3.56
Total 3.030+216.1 100.0 3.086+210.3 100.0

Meat forms in animals were evaluat-
ed in accordance with guidelines (Lukash &
Shevchenko, 1983). At the end of the test at the

age of 18 months, two groups were formed for

animal slaughter using the balanced analogue
group method. The difference between them
in live weight and age did not exceed 5%. Dur-
ing the experiment, the animals were kept in
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accordance with the requirements of the Or-
der of the Ministry of Agricultural Policy and
Food of Ukraine, No. 652 (2012) and Guide for
the Care and Use of Laboratory Animals (Na-
tional Research Council..., 2011) and followed
ARRIVE (2010) guidelines for reporting exper-
iments on the use of live animals.

To determine the beef productivity of
bulls, they were slaughtered in the Cherkasy
meat processing plant in accordance with the
requirements of DSTU 4673:2006 “Cattle for
slaughter. Specifications” (2008). Before slaugh-
ter, animals were weighed before and after 24-
hour fasting with free access to water and a
pre-slaughter live weight was established. After
slaughter, the slaughter weight (paired carcass)
was determined by weighing. The slaughter
yield (carcass) was calculated according to the
ratio of the slaughter weight to the pre-slaugh-
ter live weight. The left semi-carcasses of the
slaughtered bulls were deboned. Next, the
weight of bones, muscle tissue, including the
highest, first, and second grades, tendons and
ligaments, and adipose tissue were weighed.

During the statistical processing of data,
the average values (M) for groups, the statis-
tical error of the average (¥m), the difference
between the means and its probability were
determined according to the methods given in
the paper (Osadcha, 2021). To characterise the
variability of features, the variability coeffi-
cient (Cv, %) was calculated as the ratio of the
mean square deviation to the average value for
the group.

Results and Discussion

Bulls with different antigenic similarities with
their mother did not differ in growth rate un-
til 8 months of age. This was due to the milk
consumed from their mothers, which offset the
effect of selection by antigenic similarity on the
growth rate of offspring during the suckling
period. After weaning in different age periods,
bulls tended to predominate in the number of
similar antigens between them and mothers
from 2 to 6 (from 4.6 to 15.3%) in terms of aver-
age daily increments over peers with 7 or more
similar antigens (Table 2).

Table 2. Average daily increments of bulls with different numbers
of similar antigens between them and mothers

Average daily increment Group 1 Group 2

for the period: from - to n M+m cv, % n Mm Cv, %
0-8 12 912+39.7 14.4 15 914%29.7 12.2
8-12 12 1.221+75.8 20.6 15 1.145+42.3 13.8
12-15 12 1.266+92.0 24.1 13 1.210+71.3 20.4
8-15 12 1.246+51.6 13.7 13 1.185%43.0 12.6
15-18 7 1.140+118.5 25.5 988+119.7 34.2
8-18 7 1.258+61.4 12.0 1.151+37.1 9.1

A decrease in the number of erythrocyte
antigens that the mother has in the offspring
from 2 to 6 — with age increased the average
daily increments in bulls compared to their
peers with more than 7. At the age from 8 to 12
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months, this difference was 6.6%, from 15 to 18
months - 15.3%.

Bulls with less similarity of antigenic fac-
tors of blood groups with their mother had
greater variability in average daily increments
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compared to their peers. This indicates that
they do not adapt equally to environmental
conditions, both before and after weaning.
According to the coefficient of variation of
the average daily weight gain, bulls between
groups in all age periods did not have a signif-
icant difference. Heterozygous bulls in Group
1 grew faster for a longer time, maintaining
a fairly high growth rate until the age of 18
months. Slowing of the growth rate from 15 to
18 months in homogeneous animals of Group

2 is associated with an increase in their pre-
cocity. A decrease in the differences between
the mother’s body and the offspring from 2
to 6 antigens accompanied an increase in live
weight in bulls after weaning (Table 3). Thus,
those with a number of antigens similar to the
mother in the range from 2 to 6 tended to be
2.0% superior to their peers with the number of
such antigens exceeding 7 by live weight at 12
months of age, 4.6% at 15 months of age, and
8.0% at 18 months of age.

Table 3. Live weight of bulls, with a different number of antigens similar to their mothers

Live weight by Group 1 Group 2
age: months n M*m v, % n M*m v, %
newborns 12 33.7+0.66 6.5 15 32.4%0.72 8.3
8 12 256+9.7 12.6 15 255%7.6 11.2
12 12 402%13.7 11.3 15 394+8.9 8.4
15 12 521+11.4 7.3 14 498+10.6 7.7
18 7 633£17.3 6.7 10 586+11.4 5.8

Thus, in the Ukrainian beef breed, the se-
lection of heterozygous bulls with less similari-
ty with mothers in terms of blood group factors
led to an improvement in their average daily
live weight gain. Similar features of the growth
of homozygous and heterogeneous cattle by
antigens of blood group factors were estab-
lished by L.A. Koropets (2004). The level of sim-
ilarity between the father and mother in terms
of antigens affects the differences in them be-
tween the offspring and the body of the latter
and determines one or another degree of their
compatibility. It was found that an increase in
differences between the mother’s body and the
offspring by blood group factors accompanies
an increase in the live weight of bulls. Thus, in
the group of bulls with the number of antigens
absent from the mother in the range of 6-8,
there was an increase (P >0.95) in live weight
by 9.1% at 18 months of age compared to their

peers with the number of antigens absent from
the mother from 0 to 3. The comparison of in-
dicators of signs of sperm productivity of bulls
with heterospecificity by blood group factors
indicates that an increase in the number of
antigens in the offspring that are absent from
the mother accompanies an improvement in
the volume of ejaculate, sperm motility and its
concentration.

The meat forms of bulls are different due to
the unequal antigenic similarity between them
and their mothers. In an animal with a larger
value of this internal trait, the expression of
meat forms at the age of 15 and 18 months is
worse by 7.8% and 6.0%, respectively (Table 4).
A smaller number of similar antigens between
mother and offspring contributed to an increase
in the propensity of offspring to early growth
cessation and precocity, increased feed con-
sumption for live weight gain by 12.7% from 8
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to 18 months of age. Relatively more precocious
cattle are less efficient for beef production due

to reduced meat productivity and higher energy
costs for its production.

Table 4. The expression of meat forms and feed costs for live weight gain
in bulls that have different antigenic similarities with their mothers

Group 1 Group 2
Meat forms (points) by age, months.
n M*m n M+m
15 10 55.0%0.86 9 51.0+1.63
18 6 56.4£0.99 9 53.2£1.26
Feed costs per 1 kg of growth from 8 to 18 7 79%0.60 9 8.9%0.90

months, fodder units

In bulls with lower antigenic similarity
with mothers compared to peers with greater

similarity, a slightly larger (by 1.1%) live weight
was observed after a period of fasting (Table 5).

Table 5. Signs of slaughter and morphological composition of semi-carcasses
in 18-month-old bulls that have different antigenic similarities with their mothers

Group 1 Group 2
Trait
n M+m Cv, % n M+m Cv, %
Live weight after 24-hour fasting, kg =~ 4 560+24.2 7.5 5 554+20.3 7.3
Slaughter weight (carcass), kg 4 350+18.7 9.2 5 349+13.5 7.7
Slaughter yield (carcass), % 4 62.5+1.16 3.2 5 63.0£0.74 2.3
Semi-carcass weight, kg 3 167+11.9 10.1 4 165+7.1 7.5
Bones, % 4 16.7+0.64 6.7 4 16.6+0.09 0.9
Muscle tissue, % 4 80.6%1.37 3.0 4 80.4+0.45 1.0
Including the highest grade, % 4 14.0+1.84 17.0 4 18.8+2.04 30.3
First grade, % 4 47.7+2.33 10.9 4 43.0+4.59 20.1
Second grade, % 4 38.3%2.35 11.6 4 38.2%2.45 13.9
Tendons and ligaments, % 4 2.7+0.15 9.8 4 3.0£0.18 12.0

Heterozygous bulls tended to increase (by
1.2%) the weight of semi-carcasses compared to
homozygous peers. They were 4.8 points behind
in terms of the content of the highest-grade
muscle tissue, which does not include fat, ten-
dons and ligaments. But they show a tendency
to increase the relative amount (by 4.7 points)
of first-grade boneless meat. In terms of the
content of second-grade beef, which accord-
ing to the sausage classification includes fat
between muscles that is not separated during
venation, there were no differences in bulls of
different groups.
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The influence of differences between the
mother and offspring on the implementation
of genetic information in the ontogenesis of
the latter is attributed (Podoba, 1997) to the
integral properties of the genome, which de-
termine the effect of heterosis, non-specific
resistance, and age-related changes (Shakhba-
zov, 1981). Within the pre-existing population,
it was confirmed that bulls with less similari-
ty to their mothers outperformed their peers
with more similar antigens in terms of perfor-
mance, due to the greater variability in vari-
ations of antigens received from the father.
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Genetic variations in maternal and foetal loci
affected placental formation, thereby deter-
mining the likelihood of a successful pregnan-
cy outcome or the development of associated
complications (Yeung & Dendrou, 2019). The
mother’s pregnancy affected their immune
system and the foetus and the associated ef-
fects on stimulating its development. How-
ever, it was found that the different antigenic
similarity between mothers and their offspring
does not play a big role during the suckling pe-
riod and before weaning. Bulls with genes in-
volved in proteolysis, transcription, transport
and immune functions, and oxidative process-
es differ in terms of live weight gain and feed
intake (Lindholm-Perry et al., 2017). This is
comparable to the greater or lesser similarity
of animals and their mothers in this experi-
ment, which also affected average daily incre-
ments and feed consumption.

In the qualitative improvement of local
cattle breeds, the practical use of interior fea-
tures occupies an important place. Erythrocyte
and white blood cell antigens, polymorphic sys-
tems, and DNA genome polymorphism are used
to assess their breeding value based on genetic
information that correlates with certain genes.
Molecular genetic markers of an individual are
formed during the embryonic period and do not
change during its life, regardless of sex and age,
physiological state, and are inherited according
to Mendel’s laws. Since the markers passed on
to the offspring are closely interrelated with the
loci that characterise performance traits, this
allows labelling indicators. The priority area of
research in the selection of beef breeds of cat-
tle was to improve methodological approaches
to the analysis of group factors to identify the
features of their gene pool. Using B blood group
factors, G.A. Tsiluyko (1987) evaluated the sim-
ilarity and differences of structural units of the
Ukrainian beef breed, determined the degree of

similarity between its successors and ancestors
of lines, found out the relationship of immuno-
genetic markers with productivity, objectively
evaluated the distribution of conditional fre-
quencies of heredity of the original breeds in
crossbreeds.

Due to the fact that mostly DNA markers
are currently being studied in Ukraine, the
use of blood group factors is experiencing a
crisis. In recent years, studies have not found
a significant link between beef cattle perfor-
mance and blood group factors. For the most
part, these results do not provide a large-scale
improvement in the level of meat productivity
of animals by breeding methods. The economy
of cattle breeding is affected by the business
output of offspring from mothers at the time
of weaning 5 times more than the growth and
10 times more than the quality of carcasses
(Minish & Fox, 1982). The mechanisms of for-
mation of meat productivity in offspring un-
der the influence of the mother’s body at the
molecular level are poorly studied. The appli-
cation of conventional approaches using the
antigenic similarity index of parents (r,) does
not fully provide solutions to problems relat-
ed to the economy of beef cattle breeding. In
this regard, the possibility of increasing beef
production at the expense of the mother body,
based on an understanding of the biological
features of the inheritance of blood group fac-
tors of system B from cows by offspring, was of
theoretical and practical importance. Accord-
ing to V.G. Nazarenko (1986), increasing the
differences between the mother’s body and
the offspring in terms of red blood cell anti-
gens reduces the embryonic period. Antigens
absent in the mother, which characterise their
incongruity with those present in the foetus,
reflect certain trends in changes in the indi-
vidual development of calves that are more
heterozygous for this indicator (Tsiluiko et al.,
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2000). In this study, it is manifested in the fact
that bulls whose similarity to the mother was
in the range of 2 to 6 antigens tended to pre-
vail in live weight and meat forms over bulls
whose similarity to their mothers was higher.

In this paper, cows and their offsprings
were typed during weaning according to the
factors of the B blood group of cattle to in-
vestigate the degree of similarity between
them and its influence on the latter’s pro-
ductivity. A small similarity (from 2 to 6) in
this trait between the genotypes of mothers
and their offsprings descended from different
bulls leads to an increase in the latter’s level
of heterozygosity by origin. This is the reason
for the tendency to increase weight growth
after weaning and signs of meat productivi-
ty in the offspring. Consolidation of animals
closely related to their ancestors leads to a
significant reduction in livestock biodiversity
(Calabrese et al., 2011), which was confirmed
by this study as well. Mating of animals related
by blood group factors, but not similar in phe-
notype and genealogy, counteracts the growth
of homozygosity. Therefore, the probability
of deterioration in productivity in offspring
with low (from 2 to 6) similarity decreases.
The preservation of heterozygosity by origin
during such homogeneous mating should be
explained by the presence of individuals sat-
isfactory in terms of meat productivity among
homozygous animals. In most cases, animals
with heterozygous genotypes predominate
homozygous in terms of meat productivity,
which was confirmed in this study.

Thus, a comprehensive study and applica-
tion of the compatibility of B blood group fac-
tors between mother and offspring, combined
with productivity, will allow its further use for
breeding heterozygous animals in herds of cat-
tle of the Ukrainian beef breed and the provi-
sion of high-quality beef to the population.

Animal Science and Food Technology. 2023. Vol. 14, No. 2

Conclusions

Selection of bulls with a lower (from 2 to 6) sim-
ilarity of erythrocyte antigens of the B blood
group system between mother and offsprings
compared to their peers with greater differences
(7 to 13) leads to a tendency to increase hete-
rozygosity in the latter and improve average dai-
ly increments and live weight after weaning from
2.0 to 8.0%, the severity of meat forms at 15 and
18 months, respectively, by 7.8 and 7.0%, and an
increase in muscle content and the proportion of
bone in the carcass. Compatibility between the
genotypes of mother and son by antigenic fac-
tors decreases as their intake from the father’s
body increases and indicates an increase in the
heterozygosity of the offspring. The lower simi-
larity of the offspring by the antigens of erythro-
cytes of the B blood group system with the ma-
ternal genotypes, which leads to an increase in
the level of heterozygosity in the offspring and
to the improvement of their meat productivity,
including the morphological composition of car-
casses, indicates the expediency of using these
immunological relationships in breeding. When
selecting offspring for fattening, their similarity
to the mother’s genotype by blood group fac-
tors of System B should be taken into account,
which will lead to an increase in their hetero-
geneity and contribute to an improvement in
their live weight and average daily increments.

The prospect of further study is to inves-
tigate meat productivity, including offal, in
animals obtained from different similarities in
antigens with the maternal genotype, which
would deepen knowledge about the methods of
selection by origin in populations of beef cattle
that are genetically diverse in pedigree and rela-
tively homogeneous in internal characteristics.
They will be relevant and timely, as they would
allow identifying genetic and biological reserves
for increasing the beef productivity of cattle
with the rational use of its genetic potential.
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AnoTranis. [Iyig Bce6iYHOro OLiHIOBaHHS IUIEMiHHOI LIiHHOCTI TBapMH Ha OCHOBi T€HETUYHOI
indopmartlii BUKOPUCTOBYIOTh Pi3HOMaHITHI MOJEKyISIpHO-TeHeTH4YHi MapKepu. Tomy, BaskinBe
Miclle y SIKiCHOMY TIOJIIIIeHHI M’SICHUX TIOpif BeMMKO1 poraToi xymobu mocizae ymoCKOHaIeHHS
MEeTO[IiB JOOOpY TBApMH 38 BMKOPUCTAHHS iMyHOT€HETUMUHMX XapaKTepPUCTUK iX KpoBi. MeToio
pPO6OTH € BM3HAUEHHST 3a/IeXKHOCTi BAarOBOTO POCTY i M’SICHOT MPOAYKTUBHOCTI TBApMH YKpaiHChKOT
M’SICHOI ITOpOAM Bif KiJIbKOCTi MOAiOHMX aHTUTEeHHMX (aKTOpiB cucTeMy B rpym KpoBi y HUX Ta
MarepiB. [Ticist BimydeHHS y Mepily TPy BKIOUMWIM OyraiiiB (n = 12), y Skux 6ya0 MOogioHUX
aHTUTeHiB Bix 2 7o 6 BKIouHO. Y mpyry (n=15) — Bim 7 mo 13. ITig yac BUBUEHHS 0COGIMBOCTE
BaroBOTO POCTY i M’SICHOI MPOAYKTMBHOCTI 6GyraiilliB, JOBeIEHO, IO MOAiOHICTh 3a cucTeMoio B
TPYI KPOBi BEJIMKOI poratoi xyno6u MiXX MaTip’io i IpUIUIONOM € iHHOpPMAaTHUBHOIO 100 TOMO- UK
reTepO3UrOTHOCTI OCTaHHiX. BCTaHOBIIEHO, IO TBAPMHM 32 MEHIIOI KiJIbKOCTI MOAiOHMX i3 MaTip’to
aHTUTEHIB IepeBaXkaloTh (Ha 9,3 %) Ha BUIIpoOGYBaHHI BiJ 8- M0 18-MiCSIYHOTO BiKy TOMO3UTOTHUX
POBECHMKIB 3a cepeqHbO060BMMM MPUPOCTaMU i MaloTh Y 18-micsiiB 6inbiry (Ha 8,0 %) KuBy
Macy, o CBiIUMTh MPO iX Kpally CKOPOCHilicTh. 3a MEHIIOI MOAiOHOCTI aHTUTeHIB MiX MaTip’io
i mpuruIomoM y HbOTO y Billi 15 Ta 18 Mics1IiB Kpaiow € BUpaXkeHiCTh M’SICHUX GOpPM BiAMOBiZHO
Ha 7,8 % Ta 6,0 %. I[Tic/ist 36010 M)XK TOMO3UTOTHUMM i TeTEePO3UTOTHUMM OyraiiliaiMu BiporigHoi
pi3HMIi HeMae 3a M'SICHOIO MPOAYKTMUBHICTIO, V.T.U. Tlepen3abiifHo0 K1BOIO i 3a6iifHOI0 Macoo.
3a nobopy CMHIB i3 MEHIIOI Ki/lbKIiCTI0O MOAiOHMX i3 MaTip’l0 aHTUTeHiB Y HUX HPOSIBSIETHCS
TeHAEHIis 70 3MeHIIeHHs (Ha 0,5 myHKTH) 3a6iifHOro BUX0oy Ta (Ha 3,2 %) BMicTy M’SI13iB y TyIlIax.
Io6ip GyraiiiB yKpaiHChKOI M’SICHOI MOpOAM 3a MEHINOi KiJIbKOCTi aHTUTEHIB cucTeMu B rpym
KpOBi, MOAi6HMX 3 MaTepsSIMU CIIPUSITYIME TTOJITIIIEHHIO 1X BATOBOTO POCTY Ta BUPAsKEHOCTi M’SICHUX
dbopm i HafaCTh MOKIMBICTD MPOTHO3YBATY Maii6YTHIO M SICHY IIPOLYKTUBHICTh

Ki1io4oBi cj1oBa: cesekilist; kuBa Maca; cepeaqHbOg060BMIT IPUPICT; YKpaiHChKa M’SICHA TIOPOJa;
CKOTapCTBO
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Abstract. A healthy diet is the key to longevity, increasing the body's resistance to adverse
environmental influences, and is a prerequisite for quality of life. One of the problems that humanity
must solve today is the search for non-traditional protein sources and their popularisation in the food
market as a healthy alternative to meat protein, which is the most popular. Nowadays, vegetarianism
is the most widespread system of health-improving nutrition. According to this system, meat
products (pork, beef) are replaced from the daily diet and other sources of amino acids take their
place. The relevance of the study is related to the need to develop minced semi-finished products
suited for consumption by a wide range of consumers, including those who adhere to vegetarian and
vegan diets. The main goal of the study was to achieve the nutritional value of the protein component
of minced meat compared to beef-based minced meat. The following research methods were used
to solve these tasks: the organoleptic assessment considered: appearance, colour, cutaway view,
smell, taste; moisture content — by drying the sample to a constant weight; fat content — by Soxhlet
method; protein content — by Kjeldahl method; amino acid composition — by liquid chromatography,
fatty acid composition - by gas-liquid chromatography. The main ingredient with protein content in
minced meat is protein-wheat texture, which contains a balanced set of amino acids. The study of
the amino acid composition of meatless minced semi-finished products has shown that this product
is a valuable source of all essential amino acids. Cutlets are characterized by a significant content of
valine, methionine, and phenylalanine. The finished product meets the requirements of the current
regulatory documentation and does not pose a microbiological danger to the consumer. Therefore,
the development of a new semi-finished product technology, which is a meatless minced meat
composition that meets the requirements of a healthy diet in terms of protein and fat composition,
is one of the ways to solve the problem of introducing food products recommended for vegetarians

Keywords: minced meat; protein; soy-wheat texturate; amino acids; hydration; fatty acids;
healthy eating

Introduction

Nutrition is one of the most important environ-
mental factors that directly affect the human
body throughout its life. Biological components
of food, which in the process of metabolism
turn into structural and functional elements
of the body’s cells, ensure their physiological
and psychological performance, adaptability,
and immune status, and determine the state of
human health, life expectancy, and social and
personal activities. Therefore, the defining fea-
ture of the current stage of social development
is that the problem of protecting the health of
the population and extending the life expectan-
cy of each person is no longer at the center of

attention only in biology and medicine, but
also significant progress has been made beyond
these sciences (Nazarenko & Ustymenko, 2023).
The human condition, as defined by the

World Health Organisation, is “a state of comple-
te physical, mental, and social well-being”, and
not just the absence of diseases (Li et al., 2018).
Despite this, the foundations of the healthcare
system are focused on the organization of a
healthy lifestyle, the main advantages of which
are considered to be (Bal-Prylypko et al., 2022):

longevity;

high physical performance;

increased mental and business activity.
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resistance to the occurrence and devel-
opment of diseases;
prevention and resistance to obesity.

Each of these factors allows for increasing
life expectancy by about two years. Vegetable
raw materials are of great importance in human
nutrition as a dietary product rich in vitamins,
contributing to normal metabolism. When it
comes to finding healthy food, most people to-
day are not content with official or traditional
views but constantly find their way. This has led
to the emergence of many alternative nutrition
systems (Ivaniuta et al., 2021). Among them,
the most important is a rational diet, depending
on age, gender, level of physical activity, and in-
take of all the necessary substances with food,
the number of which is close to 70 (Holem-
bovskaya et al., 2021). Of these, carbohydrates,
fats, and proteins play an important role in reg-
ulating the body’s metabolic and energy pro-
cesses, the sufficiency and usefulness of which
determine the health status of the average con-
sumer by 68-74% (Bal-Prylypko et al., 2022).

Among the main types of healthy eating,
the most common are vegetarianism, separate
meals, and raw food. Today, the vegetarian
menu is also gaining popularity in restaurant
establishments (Tolok, 2018). Various aspects
of the development of the food system - veg-
etarianism and the activities of vegetarian in-
stitutions are covered by such researchers as:
G.A. Tolok (2018), M.V. Buzhanska (2022), and
M.V. Skobenko et al. (2022). Consideration of
the papers by the above-mentioned researchers
allows for taking a meaningful approach to the
analysis of the scientific task set, identifying is-
sues that remain relevant.

In the next 10 years, the market for plant-
based alternatives will occupy 10% of the global
meat market. The number of Ukrainians who
gave up meat, the most successful young peo-
ple, has reached 2 million and continues to

Animal Science and Food Technology. 2023. Vol. 14, No. 2

grow (Bal-Prylypko et al., 2022). Conscious
consumers take a thoughtful approach to nutri-
tion and understand the impact of their choic-
es on the health of both themselves and the
planet. The absence of allergens in food, “clean
labels”, and “eco-friendly products” are not
all that concern the modern consumer. Being
picky means not only choosing products with
a healthier list of ingredients, but also paying
attention to packaging, production methods,
consumption, processing, and delivery meth-
ods (Onwezen, 2021). Therefore, the main goal
in developing the technology of plant-based
minced semi-finished products was to achieve
the nutritional use of the protein component of
plant-based minced meat in comparison with
beef-based products.

Literature Review

Considering the arguments in favor of limiting
meat consumption and a significant increase
in the cost and shortage of animal products,
the task arose to develop recipes for meatless
minced cutlets. The main task was to rationally
plan the complete replacement of animal pro-
tein with vegetable protein by including it in
the composition of products that would contain
a set of amino acids close to the characteristics
of meat (Ivaniuta et al., 2021). The problem
statement, in addition to solving the issue of
reducing environmental pressure on the envi-
ronment while reducing the caloric content of
the product, is conditioned by the need to ex-
pand the range of consumers to include people
who adhere to vegetarian nutrition principles.

Among the ingredients of food products,
proteins play a decisive role in the normali-
zation of plastic and partial energy processes
(Bal-Prylypko et al., 2023). The body’s need for
protein depends on the age of the individual.
The recommended amount of protein, depend-
ing on age, is shown in Table 1.
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Table 1. Protein requirements of the body

The recommended amount of protein, grams per day

Consumer category

total including animal
Children under 1-year-old upto3 up to 2.5
Children 1-5 years old 53-65 33-37
Children 6-10 years old 72-78 36-39
Children 11-17 years old 83-104 42-52
Adult men 102-107 53-59
Adult women 78-84 43-46

Source: (Thnatenko, 2019)

Inrecent years, researchers have proven the
expediency of fulfilling the protein deficiency
in the human diet by using vegetable protein.
The majority of published studies (Bal-Prylyp-
ko et al., 2022) state that the predominance of
animal protein in the diet is associated with the
proximity of its amino acid composition to the
physiological needs of humans, and meat, eggs,
and poultry are considered the best sources of
its production. At the same time, one of the
main conditions for a healthy diet is considered
to be maintaining a ratio close to 1:2 by weight
in the protein component of the content of es-
sential and non-essential amino acids.

However, the use of raw meat in consum-
er goods has many disadvantages. First of all, a
large group of supporters of vegetarianism re-
mains outside the consumer group. Moreover,
significant problems should include the ingress
of waste products into the natural environment
when raising domestic animals. According to
N.V. Novhorodska et al., (2021) “a farm with
2,500 animals that give milk creates as much
waste as a city with a population of 411 thou-
sand people.” In addition, the share of carbon
dioxide generated in the process of growing
fodder crops, harvesting, processing, and trans-
portation of feed and meat made from them
reaches 9% on a global scale. Moreover, accord-
ing to the UN, raising and keeping domestic
animals is accompanied by the generation of
up to 18% of global greenhouse gas emissions —

methane, ammonia, and nitrogen monoxide,
which is significantly more than land, sea, and
air transport, which accounts for only 13% of
their total amount (Eveleva et al., 2019).

No less important arguments in favor of
finding alternative sources of food protein pro-
duction are that pastures used by humanity in
raising animals occupy up to a third of the areas
suitable for farming, and the amount of water
consumed by industrial technologies to obtain,
for example, 1 kilogram of beef requires about
15 thousand liters of water. Less water-inten-
sive is the production of other types of meat: 6
thousand liters for pork, 4,300 liters for chicken,
while the production of, for example, 1 kilogram
of soy requires 2 thousand liters, wheat — 1 thou-
sand, potatoes — 100 liters (Shuganget al., 2017).

Materials and Methods

The research was conducted to complete the
tasks set according to the established relevant
standard methods: the organoleptic assess-
ment considered: appearance, colour, cuta-
way view, smell, and taste according to DSTU
4437:2005 (2007) “Semi-finished meat and
meat-vegetable minced products”; moisture
content — by drying according to DSTU ISO
1442:2005 (2007) “Meat and meat products.
Method for determining the moisture content”;
the number of proteins was determined accord-
ing to GOST 25011-2017 (2018) “Meat and meat
products. Methods of protein determination”;

Animal Science and Food Technology. 2023. Vol. 14, No. 2
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the amount of fat was determined by DSTU
8380:2015 (2017) “Meat and meat products.
Method for measuring the mass fraction of fat”;
the amino acid composition was determined
by liquid chromatography using an amino acid
analyzer “BIOTRONIK” (Germany); the fatty
acid composition was determined by gas-liquid
chromatography using an Automated Gas Chro-
matograph “Kupol-55”; microbiological indica-
tors of finished products were determined by
DSTU 4437: 2005 (2007) “Semi-finished meat
and meat-vegetable minced products”, the to-
tal caloric value was calculated from the sum of
values for 100 g of product, based on the follow-
ing ratios: 1 g of protein — 4 kcal (16.7 Kk]), 1 g
of fat — 9 kcal (37.7 k]), 1 g of carbohydrates —
3.75 kcal (15.7 KkJ).

The ingredients used for the preparation
of semi-finished products required special
preparation methods. The main condition
was to achieve uniformity of emulsions, the
prerequisite for which is the transfer of solid
ingredients (soy-wheat texture, methylcellu-
lose) to the state of an emulsion. This is the

fundamental difference between the prepara-
tion of plant raw materials, which, unlike meat
raw materials, require pre-hydration. This ac-
tion, as well as work on preparing for the use
of other ingredients in minced meat, was per-
formed as follows.

Soy-wheat texture, which contained 10%
adsorbed water, was mixed with three parts
cooled to 4°C water and at a speed of 60 rota-
tions of the frame agitator per minute, stirred
for 20 minutes until uniformity. Methylcellu-
lose was used as an additive designed to bind
fat and prevent the delamination of minced
meat mixtures. To transfer it to the emulsion
state, powdered methylcellulose was mixed
with 2% sunflower oil, and a water-ice mixture
was added to the system and mixed at a speed
of 60 rotations of the frame agitator per minute
until uniformity. The amount of water phase re-
quired for the mixture to achieve plasticity was
varied to determine the optimal amount of wa-
ter fraction. The ratio of components and prop-
erties of water-oil emulsions of methylcellulose
are shown in Table 2.

Table 2. Component ratios and properties of methylcellulose water-oil emulsions

Component ratio State of the . .
o Sunil Water emulsion after Emulsion Condition of
. unflower ater-ice i
Methylcellulose ol iaure homogenization consistency hydrated fibers
Ruk')b_er—hk_e High-density Partial hydration,
1 1 2 7 condition, high . .. the presence of a
. difficult mixing .
elasticity solid phase
Dense structure, C on GIHOnS Full hydration
2 1 2 15 - similar to sour . i
shape retention uniform condition
cream
Stratlﬁca'tlon of Sprea.dlng gf the Full hydration,
the emulsion, the emulsion without s
3 1 2 25 . availability of free
release of free preserving its .
moisture

moisture shape

Based on the comparison of the state of
the emulsions, a choice was made in favor of
experiment No. 2, because the selected ratio
of components provided a dense consistency

Animal Science and Food Technology. 2023. Vol. 14, No. 2

and preserved the shape. The prepared ingre-
dients were mixed in a cutter with the remain-
ing components of the minced meat mixture
in an arbitrary sequence. In the period from
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February 2021 to February 2022, following the
requirements of DSTU 4437:2005 (2007), many
tastings of cutlets based on plant raw materi-
als were conducted among vegans aged 18 to 53
years, as well as among consumers who adhere
to a traditional diet, and about 150 reviews were
processed. Studies were also conducted among
the meat-consuming population, who tasted
cutlets based on meat and plant raw materials.
Indicators of appearance, cutaway view, color,
taste, aroma, consistency, and juiciness were
evaluated on a five-point scale. Works with hu-
man participants following the principles set
out in the Helsinki Declaration

The organoleptic assessment was carried
out in 3 stages:

1. Tasting of plant-based semi-finished
products in their pure form (simple heat treat-
ment, without sauces and side dishes)

2. Tasting of plant-based semi-finished
products in ready meals (burgers).

3. Tasting of plant-based semi-finished
products as a filling for complex dishes, with
the addition of other flavor components (ravi-
oli, dumplings).

Results and Discussion

Comparative studies of beef proteins and soy
and wheat textures to a certain extent refute
the myth of the essential nature of animal pro-
tein and show close similarity in the amino acid

composition of all three sources, especially
in terms of obtaining the necessary complex
of amino acids with plant-based meat substi-
tutes: industrial batches of both soy and wheat
texture according to their content, including
those that the body is not able to synthesize,
can be considered as its healthy replacement in
minced meat mixtures. Therefore, it was con-
cluded that it is advisable to develop recipes for
minced plant-based products as an alternative
to minced meat containing animal protein.

The second most protein-rich component
of minced cutlet mixes is fat. Sunflower oil is
traditionally used in this capacity in Ukraini-
an national cuisine, provided that animal fat
is avoided. However, its chemical composition
does not meet the existing dietary guidelines
for the ratio of omega-6 and omega-3 fatty ac-
ids. Their mass fractions in oil are 48.3+74.0%
and 0.3%, respectively (Table 3), while in the
optimum their ratio is in the range from 1:2
to 1:4. The consequences of this discrepancy
can be an increase in blood viscosity and a ten-
dency for excessive clotting, which can lead to
blood clots and high blood pressure. In part,
this ratio may be close to the recommended
dosage reduction of sunflower oil in minced
meat and the introduction of coconut oil in it
instead, the composition of which is shown in
Table 3 in comparison with the composition of
sunflower oil.

Table 3. The fatty acid content in sunflower and coconut oils, %

Oilseed crop

Fatty acid Sunflower Coconut
Lauric (C12) up to 0.1 43.0-51.0
Myristic (C14) up to 0.2 16.0-21.0
Palmitic (C16) 5.0-7.6 7.5-10.0
Palmitoleic (C16) up to 0.3 0.2-1.5
Stearic (C18) 2.7-6.5 2.5-4.0
Oleic - ©-9 (C18) 14.0-39.4 5.0-10.0
Linoleic - 0-6 (C18) 48.3-74.0 1.0-2.5
Linolenic - ©-3 (C18) up to 0.3 up to 0.5

Animal Science and Food Technology. 2023. Vol. 14, No. 2
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Table 3. Continued

Fatty acid Oilseed crop

Sunflower Coconut
Arachidic (C20) 0.1-0.5 up to 0.5
Gadoleic (C20) upto0.3 up to 0.5
Behenic (C22) 0.3-1.5 up to 0.5
Erucic (C22) up to 0.3 up to 0.5

Docosadienoic (C22) upto 0.3 n/a
Lignoceric (C24) up to 0.5 up to 0.5

An additional argument in its favor is that
coconut oil is rich in myristic acid, which is ex-
tremely important for strengthening memory,
whichis practically absent in sunflower and olive
oils widely used in such recipes (Wu et al., 2018).

Based on the benefits of replacing the meat
component with vegetable textures, given the tra-
ditional set of additives to minced meat and the

norms of their use, a recipe for a chopped minced
product that does not contain a meat component
was developed (experiment). Dietary minced
meat based on the use of beef that meets the re-
quirements of the national standard DSTU 4437-
2005 (2007) was selected as a control comparison
sample. Recipes for minced meat (control and
experimental samples) are presented in Table 4.

Table 4. Recipes for minced cutlets based on meat and plant raw materials

Mass fraction of the ingredient, %

Recipe component

Control Experimental

Water 23.8 62.3
Beef cutlet meat 25.1 -
Sausage ridge fat 30.2 -

Soy-wheat texturate - 21.0
Wheat flour bread 11.1 -
Breadcrumbs 4.0 -

Hydrolyzed vegetable protein - 0.7
Dry potato or wheat fiber 2.0 -

Yeast extract - 0.7

Table salt 1.2 0.7

Beetroot juice 1.0
Chopped onion 3.5 -

Coconut oil - 6.3

Methylcellulose - 2.0

Sunflower oil - 5.0

Vegan flavoring AlmaMit C25/11 - 0.3
Ground black or white pepper 0.1 -

Nevertheless, the main criterion for the
quality of minced meat in the proposed rec-
ipe is the usefulness of the amino acid com-
position of the protein component. The corre-
sponding calculation was made because wheat

Animal Science and Food Technology. 2023. Vol. 14, No. 2

added to the control minced meat with the
meat component contains about 12% protein
in total, and its content in the added bread
does not exceed 50 %. The calculation results
are shown in Table 5.
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Table 5. Amino acid composition of experimental and control minced meat products, g/100 g

Amino acid Experimental Control
Essential amino acids
Valine 1.5 1.4
Isoleucine 1.1 1.1
Leucine 1.8 2.1
Lysine 0.9 2.1
Methionine 0.5 0.2
Threonine 0.7 1.2
Tryptophan 0.2 0.3
Phenylalanine 1.4 1.2
Total essential amino acids 8.1 9.6
Non-essential amino acids
Alanin 0.9 1.5
Arginine 1.6 1.5
Aspartic acid 1.7 2.5
Histidine 1.0 1.0
Glycine 1.2 1.3
Glutamic acid 4.5 4.6
Proline 1.6 1.2
Serine 1.1 1.1
Tyrosine 0.8 1.0
Cystine 0.3 0.3
Total non-essential amino acids 14.7 16.0
The total content of amino acids 22.8 25.6

in the composition

To calculate the caloric content of the were used. The results of determining the
product, the values of the corresponding chemical composition of samples of plant-
characteristics of proteins at 16.75 kJ/g, fats based “meat” semi-finished products are
at 37.5 kJ/g, and carbohydrates at 16.5 kJ/g  shown in Table 6.

Table 6. Chemical composition of control and experimental samples of minced meat cutlets (n=3, p >0.95

Mass fraction of the component, % Control Experimental
Protein 17£0.1 16.7+0.1
Fat 10£0.04 9.78+0.04
Carbohydrates 0.7+0.03 5.35+0.03
Moisture 68.1£0.3 64.6%0.3
Table salt 1.3%£0.1 1.52£0.1
Fibre 0 1.15
Caloric value, k] 560 (133.8 kcal) 615 (146.6 kcal)

A comparative analysis of the chemical produced using conventional technology and
composition of semi-finished beef products with plant raw materials shows that plant-based

Animal Science and Food Technology. 2023. Vol. 14, No. 2
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products are characterized by a high content
of fats and carbohydrates and an insignifi-
cant decrease in protein content. Moreover,
plant-based products are distinguished by the
presence of fiber in their composition, which
significantly improves intestinal function. To
determine the compliance of the developed

composition with the requirements of sanitary
and epidemiological safety in comparison with
the control following the indicators of the na-
tional standard DSTU 4437-2005 (2007), the
product was tested during the guaranteed shelf
life (10 days from the date of manufacture). The
test results are presented in Table 7.

Table 7. Results of determination of the level of bacteriological contamination
of minced meat products of experimental and control composition

Indicator of bacteriological contamination

Product Coliform bacteria  L.monocytogenes . Pathogenic, incl.
. . S.aureusinlg .
in0.1g in25g salmonellain1 g
Control Not Found Not Found Not Found Not Found
Experimental Not Found Not Found Not Found Not Found

Analysis of the data in Table 7 shows that
the microbiological indicators of the finished
product met the requirements of the current

appearance
5

juiciness

O = DN WA

consistency

taste

smell

regulatory documentation on microbiological
safety.
The data obtained are shown in Figure 1.

cutaway view
in pure form

in burger
colour

in complex dishes

Figure 1. Results of evaluation of organoleptic parameters
of minced semi-finished products of experimental and control composition

The results of the sensory analysis showed
that plant-based semi-finished products such
as minced meat and filling have the highest
overall score in all indicators, based on which it
was concluded that meatless minced semi-fin-
ished products on a plant basis can be recom-
mended for general consumption both due to
their nutritional value and compliance with the

Animal Science and Food Technology. 2023. Vol. 14, No. 2

established taste preferences of a wide range of
consumers, including those who adhere to the
norms of vegetarianism.

Conclusions

The properties of soy protein allow it to be
actively used in the meat processing industry
of the food industry. As for the production of
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minced semi-finished products of plant origin,
they are indispensable in the diet of people who
do not consume animal proteins.

According to the study results, it was de-
termined that the composition of the devel-
oped minced plant-based product is practi-
cally equivalent to the composition of minced
meat from the standpoint of providing the
body with proteins and meets the standards
of healthy nutrition It is shown that the de-
veloped meatless minced meat composition is
close to the composition of traditional ground
beef in terms of protein component composi-
tion and can be recommended for use in tra-
ditional diets. The finished product using the
developed technology almost does not differ
in consumer qualities from the meat prod-
uct using conventional technology. The study
of the amino acid composition of meatless
minced semi-finished products has shown that
this product is a valuable source of all essen-
tial amino acids. Cutlets are characterized by a
significant content of valine, methionine, and
phenylalanine.

Analysis of the chemical composition of

of fats and carbohydrates and an insignifi-
cant decrease in protein content. Moreover,
plant-based products are distinguished by the
presence of fiber in their composition, which
significantly improves intestinal function. The
tasting committee noted that the consisten-
cy of the product is very similar to meat, and
the cooking method allows for maintaining
a traditional food culture. Tasting by meat
eaters showed that there were no significant
changes in the organoleptic properties of
the product and people who consume meat
will not feel uncomfortable when consum-
ing a product that does not contain meat.

The developed technology of mincing
semi-finished products will significantly ex-
pand the range of products for people who
adhere to vegetarian and vegan standards of
phytonutrients, which will somewhat mitigate
the current problems of healthy eating. The
positive research findings indicate that this
technology should be further studied and re-
quires further development.
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AHoTaujis. 300poBe XapuyBaHHS € 3alI0PYKOI0 TOBTOJITTS, MiJBUILIEHHS CTilIKOCTi OpraHiamy 10
HECMPUSTIMBUX BIUIMBIB JOBKIJIISI, € YMOBOIO SIKOCTi XUTTS. OmHi€eio 3 mpobieMm, SIKYy CbOTOIHI
MYCUTDb BUPIITYBaTH JIOACTBO, € TOUIYK HETPAAMUIIIMHUX Akepen 6i/ika, a TAKOX iX MOMmyisapu3anii
Ha TIPOAYKTOBOMY DPWMHKY SIK 3[0pPOBOI ajJbTepHATUBM M'SICHOMY OiJKy, SIKMiI KOPUCTYETHCS
Hai16i1b1I0I0 MOMYISIPHiCTIO. Ha chboropHi BereTapiaHCTBO € HAMOGIIbII LIMPOKO PO3IIOBCIOIKEHOI0
CUCTEMOIO 03[I0POBUOI0 XapuyBaHHS. 3a IIi€I0 CUCTEMOIO 3 TIOBCIKIEHHOIO PalliOHy BUTICHSIOTh
M'SICHI TIPOMYKTY (CBMHMHY, SUTOBMUYMHY) i Ha Miclie iM MPUXOOATD iHII JyKepesia aMiHOKMUCIOT.
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AKTyanbHiCTh POGOTM TIOB'SI3aHA 3 HEOOXimHICTIO pO3pobKM dapiieBux HamiBhadbpuUKaTiB
JO3BOJIEHNX [IO BKMBAHHS IIMPOKMM KOJIOM CIIOXKMBAUiB, BKIIOUAIOUM OCi0, SIKi ZOTPUMYIOTHCS
BereTapiaHCbKMX Ta BETaHCbKMX HOPM XapuyBaHHS. OCHOBHOIO METOW HOOCTiIKeHb O6ylo
JMOCSITHEHHS XapuOBOi MOBHOIIIHHOCTI 61JIKOBOrO KOMIIOHEHTY (apliy y IMOPiBHIHHI 3 (apiamu
Ha OCHOBi SUIOBMYMHU. [I/11 BUpilleHHS] IOCTaBlIeHUX 3aBJaHb BMKOPMCTOBYBaIM Taki MeTOAU
JIOCTIiI)KeHb: TIPY OpPraHOJENTMUYHIN OLiHIi BpaXOBYBaJMCS: 30BHIlIHIM BUIIAL, KOMIp, BUJ, Ha
po3pisi, 3amax, cMak; BMICT BOJIOTM — MEeTOLOM BUCYIIYBaHHS 3pa3Ka JI0 MOCTiifHOI Macu; BMiCT
xkupy — metogom Cokciera; BU3HAUEHHS BMICTy 6inka — Mmetomom K'enbmais; aMiHOKMCIOTHMIA
CKJIaJ BYM3HAYa/IX MeTOLOM PiauHHOI xpoMaTorpadii, sKMpHOKUCIOTHMI CK/Ia ] BM3HAYAI METOLOM
rasopianHHOi xpomatorpadii. OCHOBHMM iHrpenieHTOM i3 BMicTOM 6isika y dapiiri BUROpUCTaHMI
61/TKOBO-TIIIEHNYHMIT TEKCTYpAaT, SIKMIt MiCTUThH 36aJaHCOBaHMI Habip aMiHOKMCIOT. BUBUeHHS
aMiHOKMCIOTHOTO CKJIamy 6e3M’ICHMX oApiOHeHMX HamniB(abpuKaTiB 1MoKasasio, o e MPOIYKT
€ IIiHHVM JI3KePeJIOM YCiX He3aMiHHMX aMiHOKMCIOT. KoTieTu XxapakTepu3yThCsl 3HAUHYM BMiCTOM
BajIiHy, MeTiOHiHY it deHinanaHiHy. [0TOBUIt MPOAYKT BiAIIOBiae BMMOram 4YMHHOI HOpMaTMUBHOL
MIOKyMeHTallii Ta He CTAHOBUTb MiKpobionoriuHoi Hebesmneku AJig CIOXMBava. ToMy po3pobka
TEeXHOJIOTii HOBOTO HarmiBhabpuKary, sika sIBjis€e co00w0 6e3M scHy (apiieBy KOMIIO3MILil0, 3a
CK/IaZoM GiNIKOBOTO Ta SKMPOBOIO KOMIIOHEHTY BiJIIOBijla€ BMMOTaM 3J0POBOTO XapuyBaHHS, €
ONHMM i3 LIISIXiB BUpillIeHHS TpobieMy BIPOBAI)KeHHS XapuOBUX IIPOAYKTIB, sIKi peKoMeH0BaHi
JIJIs1 BereTapiaHIliB

KirouoBi citoBa: dapii; 6i710K; COEBO-MIIIEHUYHMUIT TEKCTYPAT; aMiHOKUCIOTH; TipaTallist; XKUPHi
KUCJIOTH; 3I0POBE XapuyBaHHS
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