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natural fisheries, the specifics of the use of raw materials for food, the degree of provision of the
population with these products and new processing technologies is an urgent task to determine
the priority areas for improving the nutritional and biological value of aquaculture products, taking
into account modern nutrition recommendations. The purpose of the study was to investigate the
current state of the fish industry, innovative areas of aquatic products manufacturing to identify
promising areas of fish and seafood technology. The study was conducted using a comparative
analysis of scientific works by domestic and foreign scientists published in the Scopus, Web of
Science, Journal Citation Reports, Scimago Journal & Country Rank, and Google Scholar databases.
The analysis of the information shows an increase in the catch of aquatic organisms in the world,
and in recent years, the total catch has amounted to more than 177.80 million tonnes. For food
purposes, 157.40 million tonnes were used, with an annual consumption of 20.2 kg per person. The
mass share of Ukraine in the total volume of fish products in the world is 0.2%. Ukraine is import-
dependent in terms of aquatic organisms. The latest technologies for processing fish products are
related to the development of methods for assessing the quality of raw materials and products, the
creation of low-waste technologies for the extraction of biologically active compounds and the
formation of multicomponent food products based on plant and animal raw materials, and the use
of biotechnological and physical methods to improve product quality. The involvement of a new
raw material object, the freshwater toothless mollusk, for food purposes has been noted, and many
culinary recipes from this species with additives of plant materials have been developed. However,
there is a lack of research in the area of improving the technologies and formulation composition
of fish pastes, which will make it possible to formulate food products with specified properties
of biological value to meet human needs. The practical significance of the analysis is to identify
promising trends in aquaculture technologies, taking into account Ukraine's own raw material base

Keywords: fishing industry; new technologies; multi-component products; new raw materials;
fish pastes; freshwater fish; dietary supplements

Introduction

The state and development trends of the fishing
industry play an important role in ensuring an
adequate standard of living and development of
the country. Meeting the needs of the popula-
tion with quality fish products is a priority for
the fishing industry. To solve this problem, it is
necessary to know the available raw materials,
potential types of raw materials, and the main
trends in the fish products market. Many scien-
tists have made a significant contribution to the
study of the state, effective directions of devel-
opment of the fishery complex and prospects for
technologies for processing aquatic products.
A. Trofymchuk et al. (2021) analysed the current
state and trends in the development of fisheries
in Ukraine and the world for 1996-2020. They

Animal Science and Food Technology. 2023. Vol. 14, No. 4

noted changes in the catch of aquatic organisms,
exports, and imports of fish products. The level
of consumption of fish products by the popula-
tion was shown. The main promising directions
and strategies for the development of the fish-
ery were substantiated. N. Myskovets (2020)
highlights the state of the fishing industry in
Ukraine as a whole and separately in the Rivne
region. The paper examines the performance
indicators of fisheries’ enterprises, identifies
the most powerful ones, specifies the most pop-
ular fish species, and identifies the prospects
for the development of the fisheries’ industry.

The state and prospects of development
of the fish market of Ukraine were studied by
T. Volkhova & N. Holembovska (2020). The
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results showed an increase in global fish pro-
duction and consumption. In Ukraine, the an-
nual consumption of fish and fish products is
significantly lower than the global average. The
main factors that influence the consumption of
fish and fish products are their cost and the lev-
el of income of the population. It is shown that
the state of the fishery of Ukraine is neglected.
The fish market in Ukraine is represented by
imported products. Scientists believe that in
the near future, we should not expect a signif-
icant improvement in the situation with filling
the domestic market with domestic products.
T. Yaroshevych & O. Paholyuk (2020) assessed
the state and directions of development of the
Ukrainian fish market, identified negative and
positive trends in its functioning. Based on the
results of the research, they proposed prom-
ising areas for the development of the fish
industry to provide the population with food
products of high protein content. L. Kupinets &
0. Shershun (2022) substantiated methodolog-
ical approaches to assessing the capacity of the
national and regional fisheries and aquaculture
market. The structure of the fish market is stud-
ied, and the factors influencing its dynamics
are identified. The dependence of the market
on imports is estimated. Recommendations for
the development of domestic fish farming and
aquaculture are provided. L. Mykhalchyshyna
& 1. Sinenok (2020) identify unfavourable con-
ditions for the development of aquaculture as
the reasons for the predominance of imported
raw materials in the fish market. The authors
propose to develop a strategic plan for the sus-
tainable development of the fishing industry
and the direction of aquaculture development.
Based on their research, the scientists
come to a common conclusion that the main
effective way to obtain aquatic bioresources is
through the development of aquaculture. To
increase the efficiency of fish farming, it is pro-
posed to grow valuable fish species: sturgeon
(Acipenseridae), salmon (Salmoninae), tilapia
(Tilapia), channel catfish (Ictalurus punctatus)

and clarias (Clarias gariepinus). The feasibility
and prospects of modern aquaculture areas us-
ing improved fish farming conditions are also
confirmed by studies presented in the works of
foreign scientists (Wang et al., 2021; Valenti et
al., 2021; Qi et al., 2021). Modern technologies
for processing fish products are based on the
use of new types of raw materials, aquaculture
facilities, and the creation of low-waste and
integrated technologies for processing aquatic
organisms. Innovations are related to the de-
velopment of new methods for assessing the
quality of raw materials and finished products,
the use of biotechnological and physical meth-
ods to improve quality and safety (Kim, 2021).
Promising areas of fish and seafood technology
include the formation of multicomponent food
products of increased nutritional and biological
value based on aquatic organisms, plant, and
animal raw materials (Racioppo et al., 2021;
Dhanabalan et al., 2023).

Despite the significant number of works
by domestic and foreign scientists, the issues
of the current state and effective directions of
fisheries development require constant moni-
toring and analysis for the successful operation
of the country’s fisheries complex. Particular
attention should be paid to the state and con-
ditions of functioning of the fishing industry in
times of war and the choice of technology for
aquatic products to ensure food security. The
purpose of the study was to examine the cur-
rent state, main trends and prospects for the
development of the fish processing industry in
the world and in Ukraine.

To achieve this goal, the following research
objectives were set:

to study the dynamics of the volume of
production, its structure and the main factors
influencing the catch of aquatic bioresources in
the world and in Ukraine;

to analyse the level of consumption
of fish and fish products in the world and in
Ukraine, in accordance with the recommended
norms;

Animal Science and Food Technology. 2023. Vol. 14, No. 4
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to study the main trends in fish and sea-
food processing in the world and in Ukraine,
and to identify promising technologies for
aquatic products.

In the course of the study, general scien-
tific and special methods were used: statisti-
cal analysis, comparative analysis, synthesis,
integrated systemic approach, theoretical
generalization, as well as structural-function-
al and abstract-logical methods. The state of
world fisheries and aquaculture was analysed
on the basis of data from the Food and Agricul-
ture Organization of the United Nations (FAO)
(The State of World Fisheries and Aquaculture
..., 2022). To analyse the current state of the
domestic fishing industry, information from
the State Statistics Service of Ukraine and the
State Agency for Land Reclamation and Fish-
eries of Ukraine was used. The materials used
for these studies included statistical data on
the extraction of aquatic bioresources, the
state of aquaculture production, and the lev-
el of consumption of fish and fish products
in the world and in Ukraine. The studies also
used scientific articles by domestic and foreign
scientists, legislative documents, analytical

211.2

information, and forecasts by experts in the fish
industry. The study of the main areas of aqua-
culture processing technology in the world and
Ukraine was conducted using a comparative
analysis of scientific papers by domestic and
foreign scientists published in the Scopus, Web
of Science, Journal Citation Reports, Scimago
Journal & Country Rank, and Google Scholar
databases.

The current state of fisheries

in the world and in Ukraine
In the 21%t century, the world recognizes the
significant contribution of fisheries and aqua-
culture to food security and nutrition. In 2020,
about 225 million tonnes of aquatic prod-
ucts were supplied to world markets (Fig. 1)
(The State of World Fisheries and Aquacul-
ture..., 2022). The volume of industrial fishery
products accounted for 51% of the total, and
aquaculture products for 49%. Commercial
fisheries accounted for 63% of the total volume
of production, while inland waters accounted
for 37%. In addition, 36 million tonnes of algae
were supplied to the markets, 97% of which was
produced mainly in marine aquaculture.

225.8

203.9

volume, million tons
—_
o
o

2010 2018

World fishing and aquaculture in total
B Commercial fishing in the seas

2019 2020

B Commercial fishing in inland waters
B Aquaculture

Year

Figure 1. The volume of extraction of aquatic bioresources in the world
Source: The State of World Fisheries and Aquaculture ... (2022)

More than 89% of the aquatic bioresources
harvested were used for food purposes. The rest
was used to produce fishmeal and fish oil. The
volume of aquatic bioresources harvested in
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Ukraine decreased over the period 2010-2022.
Figure 2 shows the total catch of aquatic biore-
sources in Ukraine (Extraction of aquatic biore-
sources..., 2023).
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Figure 2. The volume of extraction of aquatic bioresources in Ukraine

Source: Extraction of aquatic bioresources ... (2023)
A sharp decline compared to previous pe-
riods was observed in 2014, due to the annexa-
tion of Crimea. Ukraine has lost its main fishing
area, namely marine fish, which accounted for
a significant share of the overall structure of
the fishery. In 2022, fish catches declined dra-
matically as a result of the war. The total catch
in all fishing areas amounted to 31.6 thousand
tonnes of aquatic bioresources, which was only
45.2% of the corresponding figure for 2021.
Commercial fishermen caught 14 thousand
tonnes of biological resources in inland water
bodies, which was 62.4% of the previous year.
Only 124.9 tonnes were caught in the Black Sea
(1.3% of the 2021 figure), and only 24 tonnes
(0.5% of the 2021 figure) were caught in the
Sea of Azov, which is fully controlled by Russia,
before the occupation (Extraction of aquatic
bioresources..., 2023). Commercial fishing in
2022 took place under conditions of a partial
or complete ban on navigation in large areas
of Ukrainian waters. At the same time, com-
mercial fishing in the Sea of Azov and the Black
Sea was blocked, except for certain areas of
Mykolaiv and Kherson regions. Fishing beyond
Ukrainian jurisdiction in waters covered by the

Convention on the Conservation of Antarctic
Marine Bioresources was suspended with the
introduction of martial law in Ukraine, which
complicated the process of replacing the crew
of vessels that caught Antarctic krill (Public re-
port..., 2022).

In most regions of Ukraine where hostili-
ties took place, fisheries suffered significant
material damage due to damage to hydraulic
systems and structures, buildings, production
equipment and other property, as well as fish
kills. The mining of certain areas made it im-
possible to access the production facilities of
enterprises and conduct technological oper-
ations (Public report..., 2022). Analysis of the
volume of fish harvested shows more stable
trends in aquaculture production. This indi-
cates the need to support and develop this area
of the fishing industry (Production of aquacul-
ture products..., 2022). The level of consump-
tion of fish and fish products is an indicator of
food supply to the population, which must be
maintained in accordance with physiologically
sound norms. Figure 3 shows the dynamics of
consumption of fish and fish products in the
world and in Ukraine in 2010-2021.
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Figure 3. The consumption of fish and fish products in the world and in Ukraine
Source: T. Yaroshevych & O. Pakholiuk (2020); The State of World Fisheries and Aquaculture (2022)

Between 1961 and 2019, global consump-
tion of food products from aquatic bioresources
increased by an average of 3.0% per year. Per
capita consumption of aquatic animal products
increased by 1.4% per year, from 9.0 kg in 1961
to 20.5 kg in 2019. In 2020, this figure slightly
decreased to 20.2 kg, but returned to the previ-
ous level the following year. Oceania consumes
the most fish per person per year — 27.5 kg, fol-
lowed by Asia - 25.1 kg, North America - 23.7 kg,
Europe - 21.6 kg, South America - 10.7 kg, and
Africa - 9.8 kg (The State of World Fisheries and
Aquaculture..., 2022). In recent decades, the per
capita consumption of aquatic bioresource food
products has been primarily influenced by the
growth in the supply of these products, changes
in consumer preferences, technological devel-
opment, and income growth.

In Ukraine, meeting the needs of the pop-
ulation through a stable supply of fisheries
and aquaculture products remains a challenge.
This leads to low consumption of fish and fish
products. In 2021, Ukrainians consumed 11 kg
of fish per capita, which is only 55% of the
recommended norm. In 2022-2023, there was
no significant increase in the consumption of
fish products by Ukrainians. It was determined
that the domestic demand for fish products
is 540 thousand tonnes, but the supply is 4.3
times less (Bespyatov, 2022). The regions and
countries of import of fish products to Ukraine
are Western Europe, Central/Eastern Europe,
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the Middle East, South America, North America,
Norway, Spain, Iceland, Sweden, Denmark, the
Netherlands, Greece, France, Iran, Chile, Lat-
via, Lithuania, Estonia, and the United States
of America. Export regions and countries: Cen-
tral/Eastern Europe.

Compared to the total global catch of
aquatic organisms, Ukraine’s share of the
world’s fisheries averaged 0.4% before the mil-
itary actions, and 0.2% in the last year. Ukraine
produces more than 100 types of food prod-
ucts. The main ones are frozen, chilled, salted,
smoked fish, canned fish, preserves, culinary
products, and fish meal. Non-food fish is used
for the needs of fur farming and livestock farm-
ing (State Agency of Recreation and Fisheries of
Ukraine, 2023). Ukraine needs an import substi-
tution programme. It is necessary to determine
the species structure of aquatic bioresources
that have the potential to be grown in aquacul-
ture and introduce a system of investment in
this area; introduce a system for confirming le-
gal imports and catches of fish in inland waters,
a system for monitoring compliance with the
law and penalties for trade in fish of dubious
origin and quality; and increase the compet-
itiveness of domestic fish products (Kupinets
& Shershun, 2022; State agency of recreation
and fisheries of Ukraine, 2023). Numerous stud-
ies have shown that raw materials of aquatic
origin contain a variety of biologically active
compounds and are considered as a source for
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creating foods balanced in terms of basic and
essential nutritional factors in accordance with
FAO/WHO (World Health Organization) rec-
ommendations (Brandhorst & Longo, 2019;
Rocha et al., 2021). Therefore, it is advisable
to analyse modern technologies for processing
aquatic organisms and identify promising areas.

Main areas of aquatic
organisms processing technology

The analysis of the state and prospects of fish
raw material technology shows the following
main areas of research:

improvement of methods for objective
assessment of quality and safety of raw mate-
rials and products;

development of low-waste technologies
for processing raw materials;

improvement of traditional technologies;

development of functional food products;

attracting new sources of raw materials
for food production.

The following methods should be used to
improve the objective assessment of the qual-
ity and safety of raw materials of aquatic ori-
gin and products made from them. The elastic
properties of raw materials (ability to deform)
are one of the important characteristics of their
quality (Lebska et al., 2021). However, these pa-
rameters have been studied fragmentarily and
there is no data establishing their dependence
on other criteria. The first studies of this indica-
tor in relation to changes in pH were conducted
on the muscle, adipose tissue, and skin of the
Black Sea catfish Squalus acanthias (Sydoren-
ko et al., 2021). The regularities of changes in
the rheological properties of fish depending on
the storage time and temperature regime were
established, which made it possible to obtain
graphs of the strain force values of samples of
different shelf life and to compare the strain
time and strain values. The results of the physi-
cal properties were used to optimize the shelf life
parameters of shark, on the basis of which math-
ematical models were developed to describe

changes in the main physical and chemical
properties under different storage parameters.

A quality index method (QIM) was devel-
oped for the example of ice-stored pufferfish
(Lophius piscatorius) to quickly and efficiently
determine the freshness of fish. This study was
conducted to determine more reliable freshness
parameters for ice-stored Lophius piscatorius.
Sensory and microbiological analyses were car-
ried out on a QIM basis, updating a previously
proposed quality index (QI) scheme. Total via-
ble counts and specific spoilage organisms were
determined by microbiological analysis of tail
muscles, evaluating their correlations with QI
scores over time. The revised QI scheme includ-
ed 3 characters, namely appearance, eye and
fin, with a total of 18 deficiency points. A pos-
itive linear correlation was observed between
the QI score and storage time, so that the time
of sensory rejection (day 8) could be predicted
within * 1 day using the developed scheme. At
the point of sensory rejection, the microbial
spoilage flora loads were not high enough to be
associated with the assessed changes, proba-
bly due to the morphology of the spearfish, in
which the tail muscles are isolated from the
gills and internal organs, the main sources of
bacterial contamination. The proposed scheme
offers a ready-to-use assessment of the fresh-
ness of abalone, although further validation is
required. The determination of the shelf life of
seafood is generally determined by microbio-
logical, chemical and sensory analysis. Among
these methods, colour changes are part of the
sensory analysis and are preliminary accept-
ance criteria from the consumer point of view.
A feed-forward artificial neural network (ANN)
model was developed to predict the shelf life of
seafood based on colour values. Furthermore,
the predicted and observed values of shelf life
were fitted, and the regression coefficient was
found to be 0.85. According to the results of this
study, the proposed ANN model is accurate, re-
liable, and adequate for estimating the shelf life
of seafood (Fasuan et al., 2022).
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Rancid taste, pH and thiobarbiturate
number (TBARS) are important parameters of
food oxidation quality that are analysed in a
time-consuming and destructive way. Non-de-
structive food characterization can be achieved
by correlating these data with a computational
vision. C. Marques et al. (2020) investigated the
use of digital images of fish burgers to sensory
predict the results of rancid taste, pH and thio-
barbiturate number (TBARS) in these products.
A mobile phone acquired digital images in a
controlled environment, and 768 shades of grey
were made using histograms. The models from
the digital images of the object, sensory rancid-
ity, pH and TBARS data, using the mean centre
method and SIMPLS (statistically inspired mod-
ification of the partial least squares) algorithm,
revealed models with >0.97 R2. Thus, any dig-
ital image of this batch of hamburgers insert-
ed into a model to predict rancid taste, pH and
TBARS has a high level of prediction reliability.

Water activity is of interest in terms of es-
timating the amount of free water in food, and
shows how strongly water is structurally and
chemically bound in food. This indicator deter-
mines the suitability and degree of water con-
tent in food products, especially for microbio-
logical activity. A study was conducted on the
water activity index (aw) in the skin and muscle
tissue of smoked catfish samples, which were
products of traditional and advanced process-
ing methods (Fasuan et al., 2022). The samples
differed significantly with mean aw values of
0.85 and 0.81, respectively, when tested imme-
diately after purchase in selected open markets.
The isolated spoilage fungi were identified by
their phenotypic appearance and morphologi-
cal characteristics. The presence of Aspergillus
fumigatus, A. niger, A. flavus and Penicillium was
detected. The aw value in all tested samples was
higher than the Codex standard for smoked fish,
smoked fish with aroma and dried fish, which
is 0.75 aw or less (10% moisture or less), and
shows the need to use this indicator to control
pathogenic bacteria and spoilage fungi. One of
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the areas of aquatic organism processing tech-
nology is the development of low-waste tech-
nologies for processing raw materials. Aquatic
raw materials contain an average of 30-50% of
muscle tissue, with the rest being skin, bones,
liver, gastrointestinal tract, gonads, etc. There-
fore, one of the important tasks of raw mate-
rial technology is to use all parts of the body
of aquatic organisms. In this area, research on
crustacean technology using the example of the
Black Sea grass shrimp Palaemon adspersus is of
interest, as it has made it possible to extract ca-
rotenoid lipids and a complex of enzymes with
collagenolytic effects from inedible body parts
in a single cycle (Bal-Prylypko et al., 2020; Leb-
sky, 2022). Lipids with carotenoids, due to the
content of carotenoids — astaxanthin and ome-
ga-3 polyunsaturated fatty acids — are consid-
ered functional ingredients and can be used as
a dietary supplement.

Squid cartilage has received little attention
in the processing of these animals. C.Y. Huang et
al. (2018) investigated the possibility of sepa-
rating chondroitin sulphate (ChS) from squid
cartilage of Dosidicus gigas by enzymatic extrac-
tion and sonication. Alkalase, papain or Pro-
tin NY100 were used as proteases. The results
determined the efficiency of alkalase in the
extraction of ChS compared to other enzymes.
The results of this study provide an environ-
mentally friendly and efficient process for the
extraction and purification of ChS and are im-
portant for the use of these compounds for the
development and production of nutritious foods
or pharmaceuticals. Fish bones are by-products
of aquatic and fish processing that are often dis-
carded. However, it is considered to be beneficial
for health as it contains many essential nutri-
ents. Recent studies have identified the anti-in-
flammatory effects of fish bone fermented using
Monascus purpureus in LPS-induced RAW264.7
cells by regulating the NF-«B pathway (Chen et
al., 2023). It was determined that ferment-
ed fish bones suppress inflammation and can
be used as a multifunctional natural product.
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Improvement of traditional technologies’
production of products
from hydrobionts and attraction
of new sources of raw materials
In order to expand the range of products, sci-
entists N. Bozhko et al. (2018) investigated the
feasibility of an unconventional combination
of raw materials to create combined and func-
tional foods. Thus, the above-mentioned au-
thors developed recipes for minced meat for
the production of meat breads and semifinished
products with partial replacement of meat raw
materials with fish. It was found that the devel-
oped minced meat systems had 6-6.5 times low-
er ultimate shear stress and elasticity compared
to the control sample, which indicates greater
tenderness and juiciness of minced meat and
finished products. It was determined that the
combined meat and fish minced products have
a better ability to adsorb and retain fats in their
composition. The stability of the emulsion of
minced meat with the addition of fish raw ma-
terials was on average 12-15% higher than that
of minced meat of the standard recipe. Adding
raw materials of aquatic origin to the recipe in-
creased the emulsifying ability of minced meat
by 8.9%. The developed meat and fish breads
had a 5.3-8.5% higher yield of finished products
compared to products according to the basic rec-
ipe. As a result of the organoleptic evaluation, it
was found that the partial replacement of meat
raw materials with fish raw materials does not
worsen the sensory and physicochemical char-
acteristics of meat breads. The research shows
that meat and fish breads and semifinished
products based on improved recipes can be
recommended for production by meat process-
ing enterprises. Recent studies have confirmed
the feasibility of combining meat and fish raw
materials, which allows enriching food prod-
ucts with essential amino acids, trace elements,
omega-3 fatty acids and improving organoleptic
properties (Pylypenko et al., 2021). The positive
effect of combining meat raw materials with
hydrobionts has also been proven in sausage

technology. N. Bozhko et al. (2021) showed the
feasibility of combining duck meat and freshwa-
ter fish in semi-smoked sausages. I. Pylypenko et
al. (2021) improved the technology of cooked
chicken sausages with the addition of seafood.

Raw materials of aquatic origin are char-
acterized by the content of polyunsaturated
fatty acids (PUFAs), vitamins, carotenoids, and
microflora, which contribute to the rapid pro-
cess of lipid oxidation and its deterioration.
Therefore, one of the main areas of technology
is to maintain the quality of raw materials. The
main trends in this area should be considered.
This is how the prospects of using Sous-vide
technology have been proven. Sous-vide (SV)
is a technology for low-temperature cooking
of food products in a vacuum, which allows
for reliable control over the sensory indicators
and microbiological safety of products while
strictly adhering to technological regulations
(Zhao et al., 2022). In recent years, Sous-vide,
or vacuum cooking, has been used to produce
food and beverages in both the food industry
and restaurants around the world. SV is con-
sidered to transform traditional cooking into
more nutritious and healthy cuisine. SV has the
advantage of precisely controlling the temper-
ature and heating time to improve the quality,
colour, flavour and nutritional value of food. A
study on vacuum packaging (VP) found a posi-
tive effect on the preservation of PUFAs in Se-
riola quinqueradiata yellowtail meat, inhibiting
the development of bitter odour in this fish dur-
ing storage and preventing deterioration of its
quality during cooking (Mukojima et al., 2023).
These data indicate the feasibility of using VP
to prevent deterioration of fish meat quality.
Meanwhile, there are some challenges and pros-
pects for this new food processing technology.

The maturation of preserves is a complex
process in which the so-called “bouquet” of
aroma, taste, consistency, protein, and lipid
breakdown is formed. T. Lebska et al. (2021) de-
veloped an improvement in the technology of
maturation of preserves from the meat of the
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Black Sea gastropod Rapana thomasiana using
radiation technologies. The authors investi-
gated methods for improving the technology
of processing rapana meat to ensure long-term
storage of the finished product without the
use of artificial preservatives. The technolo-
gy is based on the preliminary preparation of
the semifinished product, which includes de-
frosting, sorting, cutting, washing, checking,
portioning, blanching, and cooling. The choice
of a dose of 2 kGy is substantiated. It is estab-
lished that the sensory properties of the fin-
ished product do not change after microwave
treatment. The system of microwave treatment
of canned meat for softening the structure is
described. The shift of kinetic energy in the
electron field by means of thin targets is used
to form the required radiation field of different
sizes. It is proved that after pico-wave irradia-
tion with a dose of 2 kGy, canned rapana meat
is microbiologically safe and can be stored for
90 days at 4 = 2°C. The technological scheme
for the preparation of preserves from rapana
meat using py-wave irradiation is presented.
The studies indicate the feasibility of using
irradiation technology, as it ensures the mat-
uration of low-lying hydrobiotics, prolongs
the shelf life of food products, and guarantees
safety and high quality.

A technology for low-temperature heating
of fish at >30°C has been developed that pro-
motes proteolysis of meat and does not cause
discolouration associated with protein un-
folding under these conditions (Takahashi et
al., 2023). The free amino acid content (FAC)
increased with the time of heating at 30°C. Fish
samples were softened at 30°C for 120 min.
The inosine-5’-monophosphate (IMP) content
and total viable bacteria count were relatively
constant at 30°C, regardless of the heating time
(0-120 min). Thus, low-temperature heating at
30°C for 120 minutes was optimal for accelerat-
ing the fermentation of large amberjack meat,
resulting in improved flavour and texture. This
new technology significantly enhanced pro-
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teolysis and therefore achieved the desired
properties such as softening the texture and in-
creasing the amount of free amino acids while
preventing protein denaturation, which is usu-
ally caused by conventional low-temperature
heating. In addition, it is more beneficial than
conventional ageing because it significantly re-
duces the duration of ageing, promotes safety
and maintains the IMP content.

The expediency of improving the technolo-
gy of processing small, unprofitable fish and ex-
panding the range of food products from them
has been substantiated (Golovko et al., 2019).
It was proposed to enrich freshwater fish meat
with microelements by adding dietary supple-
ments based on chelate complexes to salt or
tuzluk. The salting process was carried out in
three ways. According to the first method of dry
salting, the fish was mixed with sodium chlo-
ride NaCl with the addition of a dietary sup-
plement in the amount of 20-25% and 0.1% by
weight of raw materials, respectively. Accord-
ing to the second brine method, the fish was
kept in a solution of sodium chloride NaCl in
the amount of 2 kg of salt per 1 kg of raw ma-
terial. The amount of dietary supplement was
0.1% by weight of raw material. According to
the third method of salting, fish raw materials
were pre-treated with ultrasound, after which
they were salted in a brine tank with the same
concentrations of sodium chloride and dietary
supplement. The fish salting process lasted 6
days. For the methods of brine salting and brine
salting with pretreatment with ultrasound, the
homogeneity of the distribution of the trace el-
ement of the dietary supplement based on the
chelate complex was established.

Functional food plays an important role in
maintaining a healthy lifestyle and reducing
risk factors for various diseases. A wide range of
natural substances of plant and animal origin
containing active ingredients that play a role in
physiological actions deserve attention for their
optimal use in maintaining health. The market
for functional foods continues to expand, and
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it is predicted that the global market will soon
reach at least USD 91 billion. Particular atten-
tion in these studies is paid to raw materials
containing w-3 fatty acids (Baker et al., 2022).

It has been proven that a multicomponent
antioxidant blend is highly effective in impart-
ing oxidative stability to edible oil. It is believed
that the high efficiency of these blends is due
to the synergistic effect of two or more com-
ponents. The current study aims to analyse the
synergistic effect of a flavonoid and its corre-
sponding ester in improving the oxidative sta-
bility of sardine oil rich in ®-3 polyunsaturated
fatty acids. The combination of rutin and rutin
ester showed a maximum oxidation reduction of
54.2% at 100 mg/kg and 150 mg/kg. It has been
determined that sardine (Sardinella lemuru) is
one of the marine fish species that has a high
content of omega-3 compared to other marine
fish species (Fasuan et al., 2022). The results of
numerous studies over the past two decades
have shown that o-3 can prevent and treat cor-
onary heart disease, diabetes, cancer, maintain
kidney health, and play an important role in the
central nervous system, brain, and eyes. One of
the attempts to increase the economic value
and preserve the nutritional content of sardine
meat is to use it to make a sauce that retains
biologically valuable w-3 fatty acids.

The production of food and biological addi-
tives from Palaemon adspesus shrimp, common
in the Azov-Black Sea basin, is one of the most
promising areas of raw material use (Sydoren-
ko & Petrova, 2021). Based on the assessment
of the conducted research, recommendations
on the technology of production of fish feed
based on Palaemon adspersus shrimp are pro-
posed. This will make it possible to more ful-
ly realize the nutritional potential of valuable
protein-containing raw materials, rationally
use domestic raw materials, and expand the
range of aquatic products with rationalized
amino acid and mineral composition. The study
by A. Menchynska et al. (2021) is devoted to the
enrichment of freshwater raw materials with

additives of marine origin in the technology of
fish pastes in order to improve the amino acid,
fatty acid and mineral composition. The expe-
diency of developing this area, which allows
combining raw materials and creating food
products with specified nutritional value prop-
erties, was determined.

The issue of attracting new sources of raw
materials for food production is related to the
study of amino acid, fatty acid, mineral compo-
sition of meat, the results of biomedical studies
of one of the most common species of freshwa-
ter molluscs Anodonta cygnea Linne, 1758. The
presence of all essential amino acids, biologi-
cally valuable fatty acids of the omega-3 family,
and the absence of toxic mineral components
were determined, which allowed recommend-
ing this raw material for use in the food in-
dustry. Culinary dishes and sauces made from
Anodonta cygnea meat with high organoleptic
properties and nutritional value were devel-
oped (Golovko et al., 2019).

Studies were conducted to improve the for-
mulation composition of minced meat products
from the freshwater mollusc Anodonta anatine,
which determined the feasibility of its enrich-
ment with ginkgo powder as a source of anti-
oxidants — flavonoids, tannins, organic acids,
trace elements to improve functional proper-
ties (Helikh, 2019). Multicomponent fish pastes
made from the meat of the freshwater mollusc
Anodonta anatine were developed using the di-
etary selenium-protein supplement “Neoselen”
for their enrichment with organic selenium.
The regularities of the influence of the addi-
tive “Neoselen” on the chemical and mineral
composition of freshwater aquatic pastes were
determined. It was found that the addition of
the Neoselen additive in the amount of 1%, 3%
or 5% to the pastes allows enriching it by 14.8,
30.4 and 46.0 pg of selenium, respectively. The
positive effect of the additive on the organolep-
tic, physicochemical, functional and technolog-
ical parameters of fish pastes has been proven
(Golovko et al., 2019).
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An analysis of the literature shows that
the main area of research in the technology of
fish products is to improve the formulation of
various types of products, including preserves,
minced products, sauces, and the formation of
products using animal and vegetable raw mate-
rials based on the principles of food combinat-
orics. Most of the studies are devoted to the use
of freshwater fish, such as carp, silver carp, and
white cupid. There are no systematic studies of
other freshwater fish, such as channel catfish,
black catfish, brown catfish, bighead, black,
bigmouth and other introductions. Therefore,
conducting technological studies of these raw
materials and developing new technologies is
an urgent task for future research.

Conclusions
It is established that the fishing industry plays
a significant role in ensuring food security and
nutrition of the world’s population. Based on
the results of a study of the volume of aquat-
ic bioresources harvested in the world, the
article identifies trends in the increase in the
catch of aquatic organisms. In recent years,
about 225 million tonnes of aquatic products
originating from global fisheries and aqua-
culture have been supplied to international
markets. Out of this amount, 157.40 million
tonnes of aquatic resources were used for food,
which corresponds to an average consump-
tion of 20.2 kilograms per person per year. In
Ukraine, the volume of aquatic bioresources
caught in the period 2010-2022 was decreasing.
A sharp decline compared to previous periods
was noted in 2014, due to the annexation of
Crimea. In 2022, fish catches decreased signif-
icantly due to the war and amounted to 45.2%
of the corresponding figure in 2021. Ukraine
contributed 0.2% to the world’s total fish pro-
duction. In Ukraine, it remains a challenge to
meet the needs of the population with fisher-
ies and aquaculture products, which leads to
low consumption of fish and fish products. For
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example, in 2021, the average per capita fish
consumption in Ukraine was 11 kilograms,
which corresponds to only 55% of the recom-
mended norm. To date, there has been no sig-
nificant increase in the consumption of fish
products among Ukrainians. Based on the re-
search conducted on the current state of fisher-
ies in the world and in Ukraine, it has been es-
tablished that the main effective way to obtain
aquatic bioresources is to develop aquaculture
using improved fish farming conditions.

Modern methods of processing fish prod-
ucts include the development of methods for
assessing the quality of raw materials and fin-
ished products, as well as the development of
technologies that minimise losses and allow the
extraction of biologically active compounds,
using biotechnological and physical methods to
improve product quality. Technologies that in-
volve the use of unconventional combinations
of raw materials and the formation of multicom-
ponent food products based on plant and ani-
mal raw materials are gaining popularity. Con-
siderable attention is paid to the development
of functional food products. The use of a new
raw material, the freshwater toothless mollusk,
for food purposes has been noted, and many
culinary recipes have been developed from
this species with additives of plant materials.

However, there is a lack of systematic tech-
nological research on freshwater introduced
species in Ukraine, such as catfish, buffalo, and
sturgeon. Therefore, a promising area for fu-
ture technological research is the study of the
above-mentioned fish species and the develop-
ment of technology for such products availa-
ble to the mass consumer as fish pastes, pates,
sauces, etc.
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AHorTanisg. Pu6Ha MpOMUCIOBICTh Biflirpae CyTTeBe 3HAUeHHSI B 3abes3NedyeHHi MPOJOBOIbYOI
GeseKky Ta XapuyBaHHS HaceleHHs cBiTy. ToMy TpoOBeNeHHS aHaji3y TeHAEHIiiI pPO3KBiTY
MPOMMUCITY TiAPOGIOHTIB Yy MPUPOSHMX YMOBax Ta aKBaKY/JAbTypi, 0COGIMBOCTEI BUKOPUCTAHHS
CUPOBMHM Ha XapuyyBaHHS, CTyreHi 3abe3MeueHHOCTI HAaceleHHS Li€l0 MPONYKIi€l0 Ta HOBUX
TEXHOJIOTi/1 TepepobKyu TpeACTaBisie aKTyadbHe 3aBAHHS [/ BU3HAUEHHS TPIiOPUTETHUX
HampsMiB YIOCKOHAJeHHsST xapuyoBoi i 6iomoriuHoi IiHHOCTI MpomyKiii 3 TrigApo6GioHTIB 3
ypaxyBaHHSIM Cy4acCHMX peKOMeHpalliii HyTpiuionorii. Meta IOCTifKeHHS Tossraaa y BUBYEHHi
CY4acHOTO CTaHy PMOHOI MPOMMCIOBOCTI, iHHOBAIifHMX HATMPSIMIiB BUTOTOBJIEHHS TMPOAYKTIB 3
TiIpOGiOHTIB [JI1 BU3HAUEHHSI MMEPCIEKTUBHMX HAMPSIMiB TEXHONMOTii pubu Ta MOPEMpPOIYKTiB.
TocmimkeHHS TPOBOAMIIY 3 BUKOPUCTAHHSM MOPiBHSIBHOTO aHaIi3y HAYKOBMX ITPAIlb BiTYUM3HSIHUX
Ta 3aKOPAOHHMX BUEHUX, SIKi pO3MillleHO B HAyKOMeTpuuHMX 6a3ax Scopus, Web of Science, Journal
Citation Reports, Scimago Journal & Country Rank Ta Google Scholar. AHani3 indopmariii cBizunThb
PO 36iIbIIIeHHST BUJIOBY TiZpO6GiOHTIB y CBITi i B OCTaHHI pOKM 3arajbHuIT 06’€M BUJIOBY CKJIa[iaB
roHaz 177,80 muiH. ToHH. Ha xapuoBi wini Bukopucrano 157,40 MJIH. TOHH IIpU CIIOKMBAaHHI Ha
omHy ocoby B pik 20,2 Kr. MacoBa uacTka YKpaiHu y 3araibHOMY 06¢sTy pubHOI MpoayKilii cBiTy
cxnagae 0,2%. VkpaiHa iMmopro3ajiekHa 3a IMOCTauyaHHSIM rifpo6iontiB. HoBiTHi TexHomorii
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repepo6Kky pUGHOI MPOAYKIIii MOB’I3aHi i3 po3p0O6IEHHSIM METOMIB OIiHKM SIKOCTi CMPOBMHM Ta
MIPOAYKIIii, CTBOPEHHI MaJIOBiIXOMHMX TEXHOJOTI 3 BWIYYEHHSIM GiOOriuHO aKTMBHMX CIOTYK
Ta hopMyBaHHI 6AaraTOKOMITIOHEHTHUX XapyOBUX MPOAYKTiB Ha OCHOBiI POCIMHHOI Ta TBapMHHOI
CUPOBMHU, BUKOPUCTAHHSAM O6iOTEXHONOTIYHMX Ta (i3SMUHMX METOAIB 3 METOW IOJIITIIEeHHS
SIKOCTi MpoAyKLii. BiiMiueHO 3ayydeHHSI HOBOTO 00’€KTy CMPOBUHM — IMPICHOBOLHOTO MOJIOCKA
6e33yOKM Ha XapuoBi 11ii Ta po3pobieHo 6araTo KyJaiHApHUX PelerTiB 3 LIbOTO BULY 3 J0OaBKaMU
pocMHHOI cupoBuHU. OTHAK, HEAOCTATHBO AOCTiAKEHb Y HAMPSIMKY YIOCKOHAIEHHS TEXHOJOTi
i pelenTypHOro ckiaagy puOHMX TACT, IO AACTh MOXKIMBICTD (OpPMYBaTM XapyoBi MPOIYKTH i3
3aJaHMMM BJIACTMBOCTSIMM Oi0JIOTiUHOI I[iIHHOCTI A/ 3a6e3reueHHs MOTped JoauHu. [IpakTuuHe
3HAUYEeHHS MMPOBEIEHOT0 aHAaJIi3y TOJSITae Y BU3HAUEHHI NePCIIEKTUBHUX TeHAEHIIiV Y TEXHOIOTii
rigpo6ioHTiB 3 ypaxyBaHHSM BJIACHOI CUPOBMHHOI 6a3u YKpainu

KniouoBi cjioBa: pubHa NMPOMMCIOBICTh; HOBITHI TEXHOJIOrii; 6araTOKOMIIOHEHTHI MPOAYKTH;
HOBa CMPOBMHA; pubHi MMacTy; MpicHOBOAHA puba; AieTMUHI J06aBKU
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Abstract. The relevance of this work lies in the need to reduce the negative impact on human health
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sausages, in order to accelerate their maturation and give them the shades familiar to consumers.
The aim of the work is to improve the technology for the production of raw dried beef products
based on the use of modern biotechnological approaches, sea salt and the natural colouring agent
betanin, and beetroot juice as a substitute for sodium nitrite. This goal was achieved through the
implementation of a mixed salting method, whereby the surface of the meat semi-product was
rubbed with a reduced amount of salt, including 0.0005 kilograms of sodium nitrite per kilogram
of meat weight, compared to standard technology, and the rest of the salting mixture, which
contained 0.0045 sodium nitrite, was injected deep into the semi-product as an aqueous solution.
The source of nitrite was beetroot juice rich in nitrate ion, 0.03 dm?® of which contained 0.0052
kilograms of sodium nitrate, sufficient to synthesize 0.0045 kilograms of nitrite ion per kilogram of
meat raw material. The chosen salting method reduced the amount of sodium nitrite from 0.015 to
0.005 kilograms per kilogram of meat product compared to the classical method, and the addition
of beetroot juice made it possible to give the product a uniform colour throughout. Contamination
of the product with dangerous microflora was prevented by adding a preparation containing
bacteria of the Pediococcus acidilactici and Staphylococcus carnosus strains to the syringe solution.
A positive effect of Pediococcus acidilactici was found, which was achieved by accelerating the pH of
the meat mass to 5.0+ 5.5, which stopped the growth of most dangerous microorganisms, including
Shigella spp., Salmonella spp., Clostridium difficile and Escherichia coli. The product was protected
from the development of Listeria monocytogenes bacteria by bacteria of the Staphylococcus carnosus
strain. The proposed technology can be used in the food industry in the manufacture of raw meat
products, which will significantly reduce the negative impact of sodium nitrite on human health

Keywords: meat products; raw dried products; beef; pickling; bacterial preparation; sodium
nitrite; quality and safety of finished products

Introduction

The main areas for improving the technology
of manufacturing raw smoked and raw dried
products are the intensification of the tech-
nological process and the use of optimal pro-
cessing modes, which ensures high nutritional
value of the products. Colour is the first feature
by which consumers assess the quality and
suitability of meat products. If the appearance
of the product is unsatisfactory, it creates the
impression that the taste of the product is also
unsatisfactory. Nitrite is the most common pre-
servative in the meat industry. It improves the
flavour and aroma of the product, preserves the
reddish-pink colour of meat and prevents the
risk of bacterial contamination of meat, but it
has a negative impact on human health. That
is why one of the challenges of modern nutri-
tional science is to reduce the negative health

effects of sodium nitrite (food additive E250)
added to meat products, such as smoked and
raw dried sausages and similar products. The
negative effects of nitrites as an additive to
meat were first reported in the early 1950s and
1960s, when the compound N-nitroso (NOCs)
was discovered (Jin et al., 2018). Previous stud-
ies have suggested that nitrosamines (in par-
ticular, consumption of meat products) are as-
sociated with certain types of cancer (Gyawali
& Ibrahim, 2014). Subsequently, the amount of
sodium nitrite used in the production of meat
products has been limited.

Some researchers are paying more atten-
tion to replacing sodium nitrite with plant
extracts, bacteria, specific bacterial strains
and high hydrostatic pressure (HHP) to re-
move/reduce nitrite (Holembovska et al., 2017;
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da Silva Souza et al., 2020; Macari et al., 2022).
Extracts and ingredients from plants are an
acceptable alternative to nitrite. Some plants
(herbs, vegetables, fruits, and spices) con-
tain different types of phenolic compounds of
different types, which are beneficial for hu-
man health as they have excellent free radical
scavenging activity (Alahakoon et al., 2018).
S.K. Jin et al. (2018) prove that the formation
of carcinogens N-nitrosamines in the interac-
tion of sodium nitrite with amino acids found
in meat and meat products and when heated
can pose a potential risk of cancer develop-
ment. The maximum permissible concentra-
tion of sodium nitrite residue in the manu-
facture of sausages is 0.005 mg/kg, and for
special and baby food products — 0.003 mg/kg.

Every year, advanced technological solu-
tions appear, new directions and trends are cre-
ated. In recent years, the use of nitrites in the
production of cured meat products has become
an acute and complex issue due to their multi-
functionality. On the one hand, nitrites have a
positive effect on the colour, taste, aroma, and
shelf life of meat products, while on the other
hand, they can be a precursor to the formation
of a powerful carcinogen, nitrosamine. The
presence of free sodium nitrite in meat products
poses a certain risk to human health, as nitrite
is a toxic substance. Possible ways to reduce the
content of sodium nitrite in meat products are
of great practical importance. However, the ab-
sence of substances that can functionally replace
sodium nitrite does not allow it to be excluded
from the recipe and requires a search for a way
to reduce its concentration in finished products.

A well-known method is the use of blood
from slaughtered animals as an ingredient that
can be added to cooked sausage formulations
to improve the biological value of the product
and increase the content of heme iron. Blood
can be used effectively to colour finished prod-
ucts, thereby reducing the residual sodium
nitrite content in gastronomic products (Kho-
runzha et al., 2019).
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The aim of the study is to improve the
technology for the production of raw dried
beef products using modern biotechnological
approaches, sea salt, and the natural colouring
agent betanin.

Literature Review

The problem of reducing the sodium nitrite
content of meat products is the subject of in-
tensive scientific research. As a compromise
between the requirements of health authorities
and the interests of consumers, it is sufficient
to use nitrite ion in amounts ranging from 2 to
14 milligrams (3.3 to 10.0 milligrams of sodi-
um nitrite) per kilogram of meat to achieve the
desired effect. However, under such conditions,
the time for preserving the desired colour is
short, and therefore, according to WHO stand-
ards, in products intended for human consump-
tion, the permissible level of nitrite ion con-
sumption is increased to about 0.6 milligrams
per kilogram of weight (about 0.5 milligrams
in terms of nitrite ion), which is achieved by
adding 100-150 milligrams of NaNO, to minced
meat in the traditional way of consuming sau-
sage products (Cherednichenko & Bal-Prylyp-
ko, 2020; Mushtruk et al., 2023).

The problem is partially solved by adding
substances with antioxidant properties to salt
mixtures, for which ascorbic acid is most often
used (Rosier et al., 2022; Ugnivenko et al., 2022).
According to some studies, the negative impact
of sodium nitrite in meat products is practically
not felt, especially since a significant amount of
this salt is bound by meat myoglobin, and after
entering the body, the enzymes responsible for
NO formation generate nitric monoxide from
nitrite, where it is responsible for numerous
physiological functions, including intracellular
respiration (Tan et al., 2022).

As a preservative, nitrite is difficult to re-
place because it can perform many functions
simultaneously. Thus, reducing or eliminat-
ing the use of nitrite is a major challenge for
the meat industry. Scientists are conducting
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in-depth research to investigate the antibacte-
rial agent and organoleptic effects of various al-
ternative compounds and technologies that can
be used as substitutes for nitrite. Consequently,
the production of safe meat products now plays
an important role in the meat industry to be
able to avoid the direct use of nitrates and ni-
trites. Ways to reduce the percentage of residual
nitrite include the use of natural pigments of
animal and vegetable origin, as well as the use of
antioxidants, which can simultaneously provide
the desired colouring effect while minimizing
the inclusion of nitrite salts in the meat product
(Bozhko et al., 2017). J. Haque et al. (2023) are
wary of the use of significant amounts of sodi-
um nitrite in mixtures used in the curing of raw
meat, due to the negative impact on the body
condition of living beings: for rats, the LD50
value is 180 milligrams of sodium nitrite per
kilogram of body weight, for humans — 71 mg/kg.

G.S.B.S. de Medeiros et al. (2022) studied
in their work the negative health effects of so-
dium nitrite (food additive E250) added to meat
products, such as smoked and raw dried sau-
sages and similar products, to accelerate their
maturation and give them the usual pink to
dark red colour according to the established
mechanism. G. Riel et al. (2017) found no dif-
ferences in the lightness parameter for sausag-
es containing different amounts of parsley ex-
tract powder (PEP), but a difference was found
for the parameter indicating redness. The au-
thors concluded that the increase in yellow col-
our was due to the presence of plant pigments.
They found that nitrite (100 or 125 mg/kg)
combined with green tea catechins (300 mg/
kg) protected sausages from depigmenta-
tion. P. Aliyari et al. (2020) found that samples
(beef sausages) without nitrite but with more
pomegranate peel and pistachio green onion
extracts showed more yellowing than control
samples with nitrite (120 ppm). F.M. Manihu-
ruk et al. (2017) suggested the use of red dragon
skin (Hylocereus polyrhizus) as a natural colour-
ant and antioxidant.

Optimization of production technology
poses a twofold task, which includes finding
ways to reduce the dosage of sodium nitrite in
the selected raw dried meat products and re-
duce the level of bacterial contamination as-
sociated with the duration of the maturation
process after salting.

Materials and Methods
Experimental studies were conducted in 2023
in the laboratories of the Departments of Meat,
Fish and Seafood Technology, Microbiology,
Virology, and Biotechnology of the National
University of Life and Environmental Sciences
of Ukraine. The material used for the study was
top-grade lean beef, which contains the high-
est relative amount of protein and, when lean
meat is lean, has little adipose tissue waste. The
surface of the meat was treated with a salting
mixture of sea salt with additives of dextrose
and sodium nitrite, and the inner layers were
treated with a syringed aqueous solution of a
mixture of ascorbic acid sea salt, sodium nitrite
and the bacterial preparation B-LC-78.

The work was carried out using the meth-
ods generally accepted for this type of product
to determine the physicochemical, organo-
leptic, rheological, functional, technological
and microbiological quality indicators of meat
products during the maturation process and
ready-to-eat: the mass fraction of nitrite was
determined according to DSTU ISO 2918:2005
(2007) by colouring solutions containing nitrite
anion in pink-red colour of varying intensity
depending on the nitrite concentration under
the influence of the so-called Grissom-Ilosvay
reagent; redox potential (RP) was determined
by the electrometric method using the multi-
functional device “Combo”; microbiological
safety indicators were determined according to
generally accepted methods, which included de-
termining the number of bacteria of the Escher-
ichia coli group (coliforms), pathogenic micro-
organisms, sulphite-producing clostridia and
staphylococci; water activity was determined
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by dew point according to the method at a tem-
perature of 25+ 1°C (Slobodianiuk et al., 2018).

The task of reducing the dosage of sodium
nitrite in the product was solved in two ways.
The method of dry rubbing the surface with a
salt mixture, traditionally used for salting raw
meat, was replaced by a mixed salting method,
in which no more than 15% of the amount of
salt substances used in the traditional technol-
ogy, including no more than 0.0005 kilograms
of sodium nitrite per kilogram of raw meat, was
used to rub the surface of the meat. The rest of
the substances used for salting were added in
the form of an aqueous solution by introducing
the bulk of them into the inner layers of meat in
a state dissolved in the salting liquid, which did
not require a long time for nitrate ion diffusion
into the deeper layers of meat, avoided unnec-
essary losses due to hydrolysis on the surface,
and thus ensured almost quantitative interac-
tion with myoglobin throughout the depth of
the salted product according to the mechanism
shown in Figure 1. At the same time, we also
avoided “over-salting” of the cornerstone layers
of meat in the event of insufficient penetration
of the components of the salt mixtures into the
inner layers of the salted product.

At the same time, we abandoned the use
of sodium nitrite in favour of nitrate, which is
present in large quantities in a dissolved state
in beetroot juice. This method of salting re-
duced the irreversible loss of nitrite due to the
evaporation of nitric oxide (II) as a result of the
slow diffusion of NaNO, into the deeper layers
of the meat raw material, which is character-
ized by its acidic properties:

NaNO, + H+— HNO, + Na+
3 HNO,— HNO, +2 NO1 +H,0.

After the salting was completed, the mix-
ture was kept for 3 days to ripen the meat com-
ponent, cut into flakes 6-7 millimetres thick
and dried in the open air without access to
direct sunlight at a temperature of up to 40°C
until the mass fraction of moisture decreased
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by no more than 20%. Next, pieces of the dried
product were cut into flakes 6-7 millimetres
thick, sprinkled with a mixture of spices and
transferred to a consumer transport container.

Results and Discussion

A series of studies showed that the proposed
salting method significantly reduced the
amount of nitrite ion used in salting by three
times, while bringing the colour of the finished
raw dried product closer to the usual consumer
colour throughout the thickness due to the nat-
ural colouring agent betanin present in beet-
root juice. Based on a series of studies, it was
determined that a sufficient level of myoglobin
binding to nitroso-myoglobin is achieved when
the total processing of meat raw materials is
0.005 kilograms of NaNO,, for which it was suf-
ficient to use 0.0052 kilograms of sodium nitrate
(an amount equivalent to 0.045 kg of sodium
nitrite after reduction of nitrate contained in
0.03 dm? of beetroot juice with an actual con-
tent of 1.45 g/dm?® of NaNO,. The process of ni-
trate reduction to nitrite was significantly accel-
erated by the addition of ascorbic acid to the salt
mixture as a substance with reducing properties,
as indirectly evidenced by the redox potential of
the meat system, while the corresponding char-
acteristic of the control sample systematically
increased upon contact with air oxygen (Fig. 1).

The analysis of the transformations shown
in Figure 1 allows concluding that the end
product of nitrate and nitrite metabolism in
the human body is nitrogen monoxide, and the
constant intake of nitrate/nitrite with food can
cause systemic irritation of the mucous mem-
branes of the gastrointestinal tract due to the
formation of free radicals and a mixture of ni-
trate and nitrite acids. The optimization of pro-
duction technology has a twofold task, which
includes finding ways to reduce the dosage of
sodium nitrite in the selected raw dried meat
products and to reduce the level of their bacte-
rial contamination associated with the duration
of the maturation process after salting.
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Figure 1. Dynamics of changes in the redox potential
of raw dried meat flakes during the salting process

Source: developed by the authors

Salting by the proposed method also made
it possible to virtually stop the process of mi-
crobiological contamination of the entire mass
of the freshly salted product with toxicogenic
and hazardous microorganisms, which is insuf-
ficient when salting by the classical method of
adding sodium nitrite to the salting mixture,
which, in addition to participating in the forma-
tion of the desired colour of the finished prod-
uct, also inhibits the vital activity of microor-
ganisms, both harmful and beneficial. However,
due to the toxicity of nitrite and its insufficient
antibacterial activity, the possibility of reduc-
ing the level of contamination of meat products
with harmful and toxicogenic microorganisms
of the genera Pediococcus acidilactici and Staph-
ylococcus carnosus as components of the bacte-
rial preparation B-LC-78 was tested.

The introduction of Staphylococcus car-
nosus bacteria into food products since the
1950s has shown no signs of a dangerous ef-

fect on consumer health. Their use also helps
to improve the flavour of meat products and
provides a strong antagonistic effect against
Listeria monocytogenes. The main reason for
choosing the Pediococcus acidilactici strain,
which is capable of synthesizing bacteriocins
of the pediocin class, which are harmful to nu-
merous microorganisms that are dangerous to
health, including Shigella spp., Salmonella spp.,
Clostridium difficile, Escherichia coli, is that they
quickly achieve pH values close to 5.0, at which
the rate of reproduction of dangerous strains
of microorganisms is minimal. The addition of
a bacterial preparation has a positive effect on
product safety, as the period of bacterial growth
of the bacteria it contains is much shorter than
that of the vast majority of undesirable micro-
flora. The kinetics of the reproduction of lactic
acid bacteria compared to the control, where
this process occurs much more slowly, is shown
in Figure 2.
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Figure 2. Dynamics of changes in the number of lactic acid bacteria during salting of raw beef

Source: developed by the authors
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The dynamics of changes in the compo-
sition of hazardous microflora was studied
within 72 hours in relation to bacteria of the
Escherichia coli group (E. coli), mesophilic aer-
obic and facultative anaerobic microorganisms
(MAFAM), salmonellae, bacteria of the Staphy-

lococcus aureus strain, moulds, and yeasts. The
determined indicators showed a practical stop
to the growth of pathogenic microorganisms,
and an increase in the number of bacteria of
the E. coli group was detected only in relation
to control samples (Table 1).

Table 1. Dynamics of changes in microbiological indicators
of control and experimental samples of meat flakes during 72 hours of salting

Duration of pickling, hours

2 12 24 48 72
Escherichia coli bacteria
Control 1.0-10! 1.0-10! 1.0-10! 1.0-10% 1.0-10%
Experiment 1.0-10! 1.0-10! 1.0-10! 1.0-10! 1.0-10!
Mold/yeast
Control 1.0-10° 1.0-10% 1.2:10% 1.4-10° 1.5-10%
Experiment 1.0-103 1.0-103 1.1-108 1.2:103 1.2:103

Source: developed by the authors

After 3 days of maturation of the salted
meat component, the pieces of meat were cut
into flakes 6-7 millimetres thick and laid out
for drying at a temperature not exceeding 40
9C without direct sunlight until a residual wa-
ter content of about 20% was reached within

4 days. After completion of the production cy-
cle, the flakes were sprinkled with a mixture
of spices and left for storage for 180 days. The
kinetics of water activity changes in the con-
trol and test samples of beef flakes are shown
in Figure 3.
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Figure 3. Dynamics of changes in water activity in samples
of raw dried beef flakes during long-term storage

Source: developed by the authors

The data obtained indicate a higher level
of safety of the control composition samples
in terms of the probability of reproduction of
hazardous microflora. The tendency of a faster
decrease in the level of water activity in the
product of the experimental composition com-
pared to the control can be explained by the
higher content of microorganisms introduced
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with the starter cultures, the proteolytic ac-
tivity of which contributes to the swelling of
elastin and collagen. Based on the results, it
was found that the introduction of the bac-
terial preparation B-LC-78 into the mixture
used to salt almost pure meat raw materials
in terms of bacterial contamination leads to
the practical absence of harmful microflora,
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respectively, and an increase in the level of
bacterial safety of the product both immedi-
ately after the completion of the manufactur-
ing process and during prolonged ageing of
the product (Table 2). The raw dried beef flakes

were free of Escherichia coli, pathogenic mi-
croorganisms, sulphite-producing clostridia,
L. Monocytogenes, Staph. Aureus, which indi-
cates that the test samples are safe and suita-
ble for consumption.

Table 2. Microbiological indicators of the safety of the experimental sample of raw dried beef flakes

The content of dangerous

Indicator . ) Method of determination
microorganisms
Escherlchl.a coli (coliforms), ISO 4831:2006
inl0g

Path P - Not found
Pathogenic microorganisms, 1SO 6579-1:2017
including salmonella, in 25 g

Sulphite reducing agents 1SO 15213:2003

clostridia,in 0.1 g
Not found

L. monocytogenes, in 25 g
Staph. aureus,in 1.0 g

ISO 11290-1:2017
GOST 10444.2-94

Source: research conducted by the authors

According to microbiological criteria, all
sausage samples meet the requirements of
the current regulatory documents. The fin-
ished product does not contain bacteria be-
longing to the E. coli group, the Salmonella

genus or sulphite-producingclostridia. Rel-
evant studies were carried out by L. Bal-Pry-
lypko et al. (2022) on the example of mixtures
of standard (control) and experimental com-
position (Table 3):

Table 3. Composition of the standard salt mixture, kg/100 kg of meat

The name of the component Control Experiment
Kitchen salt 3.5 -
Sea salt - 3.1
Water - 6.4
A mixture of spices 1.2 1.2
Sodium nitrite 0.015 0.005
Beet juice - 0.03
Dextrose (glucose) 1.0 0.65
Sodium isoascorbate 0.07 -
Ascorbic acid - 0.085
Bacterial preparation B-LC-78 - 0.018

Source: L. Bal-Prylypko et al. (2022)

Similar studies were conducted by ]. Ha-
que et al. (2023), who investigated fermented
sausages using accelerated technology. The
results of their research showed that the use
of accelerated technology for the production
of fermented sausages does not affect the mi-
crobiological safety of products and can signif-
icantly reduce the drying time of the product.

The data obtained indicate that at a low level of
bacterial contamination of meat raw materials,
the same product safety is achieved as when us-
ing the traditional process.

M. Shynkaruk & O. Baluk (2021) addressed
the problem of improving the quality of cured
meat products using starter cultures. In the de-
velopment of meat product technology, there

Animal Science and Food Technology. 2023. Vol. 14, No. 4
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is a tendency to use food additives made from
plant materials in combination with starter cul-
tures to improve the quality of finished prod-
ucts. To reproduce the colour of meat products,
starter cultures should contain denitrifying
bacteria. The biological basis for the formation
of sausages as a food product is lactic acid bac-
teria, which contribute to the biotransforma-
tion of the main components of meat with the
formation of compounds that determine the
smell, taste, aroma, and consistency; changes
in the physicochemical parameters of minced
meat, which can lead to the growth of bacteria
that cause meat spoilage. The use of sourdough
starter cultures in the production of meat prod-
ucts not only reduces the time of the techno-
logical process, but also ensures the microbio-
logical safety of the finished product.

M. Stoica et al. (2022) examined the im-
pact of plant powders. extracts and plasma
to replace all or part of conventional NaNO,
in meat products. The authors also presented
the functionality of NaNO, in meat products
and the costs of its replacement. E. Vossen &
S. De Smet (2015) showed the effect of NaNO,
on protein oxidation. In addition, the potential
use of 3-nitrotyrosine as a specific marker for
reactive nitrogen species-mediated nitration
was investigated. Overall, no clear antioxidant
effect of NaNO, against carbonyl formation
in the isolates was observed. 3-Nitrotyrosine
was present in all samples, but no clear effect
of NaNO, addition or oxidation time was ob-
served. G. Ma et al. (2022) studied the effects
of low doses of sodium nitrite on meat colour,
myoglobin oxygenation status, myoglobin ag-
gregation and myoglobin structure using infra-
red spectroscopy. The results showed that the
redness index of meat increased continuously
compared to the control after the addition of
low dose sodium nitrite. The results indicate
that low doses of sodium nitrite promoted the
dynamic transformation of the nitrosylated
myoglobin peptide fragment, which in turn
preserved the colour of the meat.

Animal Science and Food Technology. 2023. Vol. 14, No. 4

Similar studies on microbiological safety
indicators in finished products were conducted
by B. Laszkiewicz et al. (2021). Different groups
of bacteria were tested, and it was found that
a number of factors dramatically affect the
bacteriostatic effect of sodium nitrite. The pH
of the medium influenced the level of nitrite
causing inhibition, thus tending to confirm
the hypothesis that unbound nitric acid is the
active form. During autoclaving, the anaerobic
growth of Staphylococcus aureus, Streptococcus
salivarius, and Streptococcus mitis was inhib-
ited by significantly lower nitrite levels than
if glucose had been added to the medium af-
ter autoclaving. X. Wang et al. (2022) studied
the effect of different sodium nitrite concen-
trations on the quality and protein oxidation
of salted meat during 21 days of beef curing.
Their results showed that the carbonyl group,
dithirosine, and surface hydrophobicity of salt-
ed meat were significantly reduced by the addi-
tion of sodium nitrite. At the same time, total
nitrogen and aerobic plate content decreased
significantly, while pH values increased signif-
icantly with increasing nitrite concentration
compared to the control group. Importantly,
this phenomenon was also observed in salted
meat treated with low doses of sodium nitrite.
Consequently, they also found that the quality
of salted beef can be improved by adding low
doses of sodium nitrite to inhibit protein oxi-
dation during the curing process.

Conclusions
A method for the production of raw dried beef
flakes by treating the surface with a mixture of
sea salt, dextrose and sodium nitrite, and the
inner layers of meat raw materials by syring-
ing a salting liquid containing sea salt, ascorbic
acid, dextrose, sodium nitrite, beetroot juice
and bacterial preparation B-LC-78 was investi-
gated. It has been shown that the use of a com-
bined salting method, which involves the in-
troduction of beetroot juice containing nitrite
ion obtained by reducing the nitrate ion of the




Bal-Prylypko et al.

35

inherent juice with ascorbic acid, into the sy-
ringe salting solution, allowed for a threefold
reduction in the dosage of nitrite ion and im-
proved the colour characteristics of the prod-
uct due to the presence of the natural colour-
ant betanin in beetroot juice, which is similar
in colour to the colour of cured meat products.
The presence of a bacterial preparation con-
taining bacteria of the Pediococcus acidilact-
ici and Staphylococcus carnosus strains in the
solution allowed almost completely stopping
the development of pathogens and toxicogenic
microorganisms in the mass, which suggests an
increase in the level of bacterial safety of the
product both after the manufacturing process
and after prolonged exposure of the finished

collagen, which indicates a higher level of safe-
ty of the control samples in terms of the proba-
bility of reproduction of hazardous microflora.

Prospects for future research include con-
ducting comprehensive analyses of bacterial
preparations in comparison with other bacteri-
al preparations, their impact on pH reduction,
microflora, and the formation of a distinct taste
and structure of raw dried sausages due to the
development of microflora. This technology
can be implemented in the food industry in the
manufacture of meat snack products and will
significantly reduce the negative impact of so-
dium nitrite on human health, but these studies
require further refinement.

product. The dynamics of changes in the water Acknowledgements
activity in the product of the prototype sample  None.
is explained by the higher content of introduced
microorganisms, the proteolytic activity of Conflict of Interest
which contributes to the swelling of elastinand  None.
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AHoTarnis. AKTYa/lbHICTb POGOTH TOJSTAaE Y HEOOXiTHOCTI 3MEHIIEeHHS HEeTaTMBHOTO BIUIUBY
Ha CTaH 3[0POB’S JIIOOMHU HITPUTY HATpit0 (xapuoBoi mo6aBku E250), sikmit omarTh y M’SICHI
MPOAYKTH, 30KpeMa B CUPOB’siIeHi KoBOacK, 3 MeTOI0 NMPUCKOPEHHSI MPOIIeCiB iX BM3piBaHHS Ta
HaJaHHS 3BMYHUX CIIOKMBauaM BiATiHKiB. MeTa po60TM TOJSITAaE€ B YAOCKOHAJIEHHI TEXHOIOTii
BUTOTOBJIEHHS CYPOB’SUIEHNX ITPOAYKTIB 3 SUIOBUUMHIY, sIKa 6a3yeThCsI Ha BUKOPMCTAHHI CyJacHUX
610TeXHOOTiUHMX TTiAXOAIB, MOPCHKOI COMi Ta MPUPOMHOTrO GapBHMKA OeTaHiHY Ta OGYpPSIKOBOTO
COKy, SIK 3aMiHHMKAa HITpUTy HaTpilo. Peasisallis rmocraBiieHOi MeTM BimOyBasach IIISIXOM
peasisalii 3MillIaHOTO CIIOCO6Y MOCOMY, 32 SIKUM IOBEpPXHIO M’SICHOTO HaMiBIPOLYKTY HATUPAIU
3MeHIIeHOI0 10 15 %, MOpiBHSIHO i3 CTAaHZAPTHOIO TEXHOMOTI€I0, KiIbKICTIO BUKOPUCTOBYBAHUX JJISI
coseit, y romy uncrti 0,0005 kiorpama HiTpUTy HATPilo Ha Kijiorpam M’sICHOI MacH, a iHIIy YacTUHY
MOCOIOYHO1 cyMilri, sika mictuiaa 0,0045 HITPUTY HATPIIO, IMIPUIIOBAIN BIJIMO HAMiBIPOLYKTY Y
BUIJISIZIi BOTHOTO pO3UMHY. [IskepesioM HiTpuTy 6yB 6araTuii HiTpaT-ioHoM 6ypsikoBuii cik 0,03 qm3
stkoro mictumu 0,0052 kimorpamu HiTpaTy HaTpito mocTaTHbOrO myist cuHTe3y 0,0045 Kimorpamy
HITpUT-iOHYy Ha Kijorpam M’sicHOi cupoBuHM. OOGpaHMii Croci6 COMHHS MTO3BOJUB 3MEHIIUTU
MOPiBHSIHO 3 KJIACMUHUM METOJOM KiJbKicTh HiTpuTy Hatpito 3 0,015 mo 0,005 ximorpama Ha
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KiJlorpaM M’SICHOTO TMPOMYKTY, & HOJABaHHS OYPSIKOBOTO COKY [O3BOJWIO HAAATU TPOLYKTY
piBHOMipHOTO 3a6GapB/ieHHSI 1O BCiii TOBIIMHI. 3abpymIHEHHSI TPOAYKTY He6Ge3MmeuHoI0
MiKpo(hI0pOoIo MomnepemsKyBain JOJaBaAHHSIM Y IITPUIIOBAIbHMIT PO3UMH MPENapary, SKuii MicTUB
6akTepii mramiB Pediococcus acidilactici Ta Staphylococcus carnosus. BcTaHOBJIEHO TO3UTUBHUI
edexr Bim 3acrocyBaHHs Pediococcus acidilactici, skuii mocsraBcsl NPUCKOPEHUM [TOBEIEHHSIM
pH m’sicHoi macu o 5,0 + 5,5, 32 SIKOTO MPUIIMHSIOCh PO3MHOKEHHS GibIIOCTI He6Ge3MmeuHnx
MiKpoopraHi3MmiB, 30kpema Shigella spp., Salmonella spp., Clostridium difficile Ta Escherichia coli.
3axuCT MPOAYKTY Bim PO3BUTKY 6akrtepiii Listeria monocytogenes BimOyBaBCsl 3a JOTIOMOTOIO
6akTepiit mramy Staphylococcus carnosus. 3ampoIIOHOBaHA TEXHOJIOTIS MOKe 6yTM BUKOPUCTaHA
B XapyOBiif MPOMMCIOBOCTI ITif] YaC BUTOTOBJIEHHSI CUPOB’STIEHUX M’SICHUX TIPOAYKTIB, 1[0 CYTEBO
3HU3UTb HETATUBHMII BIUIMB HITPUTY HATPil0 HA 3[0POB’S JIIOAUHU

Kiio4oBi c/ioBa: M’SICHI TPOIYKTY ; CUPOB’SITIEH] TTPOAYKTH ; STIOBUUMHA; COJTIHHS; GaKTepiabHUI
Mpernapar; HiTpUT HaTpiio; SIKicTh Ta Ge31eKa roTOBUX BUPOGiB
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Abstract. Beef cattle breeding in Ukraine is considered to be a promising and socially important
livestock sector, which is experiencing a systemic decline in production. The purpose of the study
was to find the most effective options for organizing production in beef cattle breeding. The
analysis was based on the production data of an agricultural enterprise with more than 4.5 thousand
heads of meat cattle, including more than 1.7 thousand cows. Taking into account the company's
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development strategy, which provided for the expanded reproduction and sale of bull-calves and
culled breeding stock, the production indicators of the farm's operation under the cow-calf system
and the complete cycle with the rearing of young animals to slaughter conditions were analysed.
The analysis of these production options was carried out for the conditions of using year-round and
seasonal (from February to April) calving on the farm. It was found that when calving throughout
the year, the number of cattle places in the premises and pens will be relatively constant. In the
case of seasonal calving, the structure of the herd changes significantly during the year. Sales of
finished products during seasonal calving should take place in relatively short periods of time and
in large groups. In particular, the monthly sales of bull-calves for fattening in the cow-calf system
during seasonal calving will be on average 11 times higher than during year-round reproduction in
the herd. With a full breeding cycle, the batches of bull-calves for slaughter will differ less, but will
occur only in the spring months. Seasonal calving during the complete production cycle resulted
in a 1% reduction in silage and 3% reduction in hay consumption and a 10% increase in pasture
grass consumption. The full cycle of raising bull-calves for meat makes it possible to increase the
total live weight of cattle sold by 59%, increase sales revenue by 54% and reduce total feed costs per
1 tonne of live weight by 20%. The practical significance of this study is to obtain results that can

be used in the Ukrainian beef cattle industry to plan efficient production organization

Keywords: cattle; cow-calf system; fattening; feed costs; beef

Introduction
Ukraine is experiencing a systemic reduction in
the raw material base for some types of meat,
which is explained by the crisis in livestock pro-
duction (Ishchuk, 2020). According to the State
Statistics Service of Ukraine (Animal produc-
tion of Ukraine, 2021), in the second half of the
last century, meat production of all major types
in Ukraine was actively increasing until the ear-
ly 90s. Subsequently, by 2000, meat production
decreased by 62%. The most difficult situation
was in cattle breeding, as beef production fell
by 83% over 10 years. After this decline, meat
production in Ukraine began to grow and has
stabilized over the past three years at 2.4-
2.5 million tonnes. The stabilization was driv-
en by alternative meat types to beef — poultry
(which has doubled in quantity compared to the
most productive year in 1990) and partly pork.
As of 2021, only 59 kg of all types of meat were
produced per capita. With cattle meat produc-
tion totalling 310.5 thousand tonnes in 2021,
the total production of beef and veal per per-
son was only 7.5 kg. According to N. Kopytets &

V. Voloshyn (2021), the main producers of
beef and veal are households, which account
for more than 70% of production, although in
1990, according to the State Statistics Service of
Ukraine (Animal production of Ukraine, 2021),
this figure did not exceed 9%. The analysis of
data on beef production in farms of various
forms found that large agricultural enterprises,
which should provide the basis for meat pro-
duction and have the ability to control prod-
uct safety and form large batches of cattle for
slaughter, produce less than 2 kg of beef per
person, and their total share in gross produc-
tion is 26%. This is due to a steady decline in
livestock numbers, which continued after 2000,
while other competitive livestock sectors were
able to stabilize or increase production. Over
the past 16 years alone, the number of cattle
sold for slaughter by agricultural enterprises
has decreased by 60%, which is 7% more than in
all categories of farms.

One of the reasons for the decline in beef
production is the low economic attractiveness
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of its production due to low purchase prices for
livestock. Thus, as of April 2021, as noted by
V. Ivchenko et al. (2021), the average purchase
prices for live cattle for slaughter depended
on the category of animals, but ranged from
UAH 27.9 to 40.5 per kilogram of live weight.
In the European Union (Ivchenko et al., 2021),
purchase prices for cattle for slaughter are on
average 96% higher than in Ukraine, and in
some countries (Belgium and Italy), the differ-
ence reaches 134-142%. At the same time, the
future prospects for beef production are clear.
The world is witnessing an increase in demand
for quality meat products (Berher, 2020). In an
analytical study by N. Eroglu et al. (2019), the
authors report that there is a high demand for
beef in Turkey and forecast a 14% increase in
consumption between 2019 and 2028. This high
demand requires finding ways to efficiently
produce beef for domestic consumption and
increase exports. The problem of producing
high-quality beef can be solved by develop-
ing specialized beef cattle breeding. There are
various systems of beef cattle management
that differ in their efficiency. As noted by
D. Broom (2021), extensive grazing and the use
of feedlots are considered the least sustainable
beef production systems, while semi-intensive
forest grazing systems and managed grazing
systems in areas where crop production is un-
profitable are considered the most sustainable.
To stabilize beef production in Ukraine, there is
a need to find the most efficient beef produc-
tion systems. The aim of this study was to iden-
tify the most appropriate options for organiz-
ing production on beef cattle farms.

Literature Review
Since the 1990s, as noted by O. Kozak & O. Hry-
shchenko (2019), beef production in Ukraine
has declined significantly, due to a decrease in
the total number of cows and young animals
raised for meat production. It was planned to
increase beef production by developing spe-
cialized beef cattle breeding, as this industry

Animal Science and Food Technology. 2023. Vol. 14, No. 4

is not related to milk production and can be
developed in areas with difficult farming con-
ditions, and beef cattle make efficient use of
pastures, natural fodder and post-harvest res-
idues. For this purpose, a 20-year programme
for the development of beef cattle breeding
was developed by A.A. Getya et al. (2013). Meat
cattle breeding is of social importance, as it can
be developed in remote areas where daily logis-
tics are difficult, and is also effective in areas
with low soil fertility (Ugnivenko et al., 2016).
Due to the persistent unfavourable changes in
the dietary patterns of the population, accord-
ing to the Institute of Food Resources of the
National Academy of Agrarian Sciences (Tym-
chenko, 2015), the beef cattle industry is stra-
tegic in terms of food security, but its condition
remains critical.

The main disadvantage of beef cattle
breeding is the limited productivity of the
cow, which is caused by the ability to raise
only one calf per year. In dairy farming, milk is
produced during lactation to make up for the
cost of maintaining the main herd. Farms that
produce both beef and milk have significant-
ly higher productivity of dietary protein and
energy per hectare than specialized beef pro-
duction systems (Mosnier et al., 2021). Raising
young dairy cattle for meat does not involve the
costs of the rest of the herd. Beef cattle breed-
ing is different. The sale of business calves or
young stock bred to the final condition should
compensate for the costs of not only this part
of the herd, but also for the maintenance and
feeding of cows, bulls and replacement stock,
S0 2-3 times more feed energy is consumed per
unit of production in beef cattle than in dairy
farms (Ugnivenko et al., 2016). The higher costs
of raising beef cattle are compensated by the
increased yield, quality, and processability of
beef. Beef from specialized breeds has better
flavour properties, and some breeds are prone
to marbling, which makes beef and crossbred
cattle more expensive than dairy cattle (McCa-
be et al., 2022).
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Beef production schemes can vary. The
classic option for beef cattle breeding is to or-
ganize seasonal reproduction using tour calving
and mating campaigns (Ugnivenko et al., 2016).
This production option is most suitable for the
efficient use of natural fodder lands and culti-
vated pastures in the spring and summer and
reducing the cost of keeping and feeding cows
in the winter. Seasonal reproduction makes it
possible to carry out complex work operations
(such as insemination, calving organization
and control, calf weaning, cow evaluation) in a
short period of time, as well as to form large lev-
elled groups of animals for further rearing and
sale. Raising cattle ready for slaughter usually
involves several stages: cow-calf system, rear-
ing and fattening (Peel, 2003). In Ukraine, the
production organization with a complete herd
turnover is common. In farms, young animals
are raised until slaughter on the farm where
the breeding herd is kept. P. Putsenteilo (2016)
notes that different forms of farm production
organization are possible, but it is more advisa-
ble to specialize farms. Some farms should raise
calves in suckling and sell them to fattening en-
terprises after weaning of bulls and heifers being
already the part of a herd. Fattening plants and
sites ensure the final rearing and production of
young cattle with optimal slaughter conditions.
Specialization of farms at different stages of
beef production allows for more efficient use
of resources and feed. According to A. Ugniven-
ko et al. (2016), young cattle need to be provided
with fast growth on the background of balanced
nutrition to effectively use the biological basis
for muscle tissue development, and breeding
herds should be kept using extensive technol-
ogies and maximum use of pastures and natu-
ral lands to reduce costs. With these features in
mind, beef cattle breeding herds can be part of
natural ecosystems. It is recommended to use
them to increase the ecological and recreation-
al value of the forest and reduce the likelihood
of fires (Casasus et al., 2007), as moderate graz-
ing reduces the amount of shrubs and dry grass.

The efficiency of raising livestock for meat
also depends on the sex of the animals. Bull-
calves tend to be more productive, so accord-
ing to H. Koknaroglu et al. (2005), they are used
more often in fattening enterprises. Improve-
ments in technology and breeding are gradual-
ly increasing the productivity of beef cattle. In
particular, the live weight of calves at the time
of weaning is constantly increasing. According
to American researchers (Lalman et al., 2019),
from 1983 to 2017, there was an increase in the
live weight of weaned calves, which, taking into
account variability in the areas where farms are
located, averaged 0.5 kg per year. Significant
progress has also been made in a number of
other livestock productivity traits.

The attractiveness of beef cattle breeding
depends on economic indicators. Prices for fat-
tened cattle account for approximately 50% of
the variation in profitability and depend on the
balance of the market. In countries with devel-
oped beef cattle production, such as Australia,
]J. Wong (2020) notes periodic fluctuations in
slaughter cattle prices due to waves of demand
for commercial cattle and breeding stock for
herd reproduction. The use of techniques to
increase cattle productivity using growth stim-
ulants and other technological methods affects
consumer perceptions and has led to increased
demand for beef produced without stimulants,
the production technology of which is being ac-
tively researched (Aboagye et al., 2021). Among
the options for producing high-quality beef
are (Archer et al., 2004) grass-fed (high volume
diets using pastures, green mass and hay, bal-
anced with other feeds and additives) and grain-
fed (highly concentrated diets). In other words,
there is a wide variety of options for organizing
beef production in the world, and in Ukraine,
the search for the most rational organization of
the technological process remains relevant.

Materials and Methods
The research was carried out by analysing
various options for the cultivation and sale of
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livestock, calculated based on the results of
production activities in 2021-2022 of one of
the agricultural enterprises of Ukraine, with
a livestock population of more than 4.5 thou-
sand heads of beef cattle, including more than
1.7 thousand cows of several specialized breeds
(in particular, Aberdeen Angus, Charolais, and
Limousin, and Hereford). No animals were di-
rectly involved in the study. For ethical reasons,
the name of the private enterprise on the basis
of which the study was conducted will not be
disclosed, as the publication contains sensitive
data on production volumes and sales prices.
The company’s beef cattle production had a
complete cycle. The breeding stock was used

employing the cow-calf technology. Weaned
calves aged 6-8 months were separated by sex
and put to grow. Bull-calves were sold for meat
at the age of 12-14 months. The breeding stock
with calves were kept on pastures in summer
and in group untethered housing in winter. The
bull-calves for growing and fattening were kept
indoors in group sections formed by age and
fed a mixed diet. Calving in the herd was year-
round but uneven throughout the year. Repro-
duction in the herd was extended, with almost
all heifers suitable for reproduction being bred
and inseminated at the age of 14 to 18 months.
The general parameters of breeding and repro-
duction are shown in Table 1.

Table 1. Parameters of reproduction of livestock and cattle rearing

Indicator Value
Culling of cows, % 12
Yield of calves per 100 cows, % 84
The average age of introduction of heifers into the herd, months 24
Die-off and culling of suckling calves, % 3.5
Duration of the suckling period, months 7
Live weight of weaned calves, kg 250
Age of sale of bull-calves for meat, months 12-14
Live weight of bull-calves during sale for slaughter, kg 450

Source: author’s development

The study examined the efficiency of pro-
duction organization at the enterprise under
conditions of year-round calving of cows (used
on this farm) and the transition to season-
al reproduction, which is used in beef cattle
breeding in most temperate countries. The
study used data on livestock availability, ani-
mal reproduction and growth parameters, and
the enterprise’s development strategy. Two
models of final product production were stud-
ied under two options for organizing livestock
reproduction. The first model is the cow-calf
system, where weaned bull-calves are sold
for growing and fattening. The second model
is a complete production cycle, with the sale
of bull-calves for slaughter. Heifers were not
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included in the sales plan due to the farm’s
strategy of expanded reproduction in the com-
ing years. In both models, cull cows and bulls
were used as additional products, so their
number and live weight were determined. The
study determined the optimum live weight of
bull-calvess for meat production, analysed the
features of the production cycle, the annual
dynamics of production and output of finished
products, the need for feed for different pro-
duction options, annual production volumes
and the cost of final products, and feed con-
sumption per cent of beef produced. Feed con-
sumption was calculated using the rations of
livestock of different production groups used
on the farm (Table 2).
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Table 2. Daily feed requirement and structure of rations for production groups

Sex and age groups of livestock

Indicator . . suckling fattening
cows heifers ﬁg%‘;‘;‘s sllig(flel?sg bull- bulls bull-
calves calves
Fodder requirement
for 1 head, fodder 10 6.7 6 3 3.5 13.5 7
unit
the structure of the diet in the autumn-winter period
silage, % 34.8 34.8 50 34.8 34.8 34.8 10
compound feed, % 33.2 33.2 24 33.2 33.2 33.2 78
hay, % 15.2 15.2 17 27 27 27 12
straw, % 11.8 11.8 9 — — — —
the structure of the diet in the spring-summer period
compound feed 29 29 20 29 29 29
green fodder 71 71 80 71 71 71 *
(pastures)

Notes: * fattening bull-calves are grown year-round on diets that correspond to the autumn-winter period in

terms of composition and structure
Source: author’s development

The duration of the spring-summer peri-
od, during which pasture fodder is used, was
from May to September inclusive. The ener-
gy value of fodder was determined in fodder
units, since reporting and statistical informa-
tion in the economy is provided in these units
of measurement.

Results and Discussion
To ensure the efficient functioning of farms in
meat cattle breeding, the substantiation of the
requirements for livestock that will be sold for
slaughter becomes important. The main char-
acteristic of cattle for slaughter is pre-slaughter
live weight. This factor affects the duration of
the production cycle on the farm and also affects
feed costs, quality, and mass of carcasses, etc.
The choice of criteria for establishing the opti-
mal live weight of young animals for slaughter
is quite wide, but considering that high-qual-
ity and elite beef is obtained from specialized
meat cattle, and the steak part has the high-
est value among carcass cuts, it was accepted
to focus on the weight of bull-calves during
the period of cessation of active growth of the
longest muscle of back widthwise. According to

the research of A. Ugnivenko et al. (2022), car-
ried out in Ukrainian meat and black-and-white
dairy breeds, the largest cross-sectional area m.
Longisimus dorsi in the area between the 12t
and 13™ ribs is manifested when the live weight
of bull-calves is from 451 to 500 kg (Fig. 1).

At a live weight of up to 450 and over
500 kg, the area of the “muscle eye” of the stud-
ied breeds was smaller. Since the live weight of
bull-calves of 450-500 kg under conditions of
intensive breeding can be obtained at an ear-
ly (12-14 months) age, when bull-calves have
relatively low fat deposition and moderate feed
consumption for live weight gain, this weight
range should be considered optimal. Produc-
tion on a beef farm can take place in the form of
an unfinished cycle according to the “cow-calf”
system, during which the young weaned from
cows are sold for fattening in other enterprises
and the finished cycle of production with the
sale of young for slaughter. The production cy-
cle on such farms differs significantly both in
terms of structure and duration (Fig. 2). The
start of production according to the “cow-calf”
system corresponds to the time of insemination
of cows and heifers, and the production cycle
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includes fattening and suckling calves. The full
duration of the production cycle until obtain-
ing marketable products on such a farm is 16
months, but taking into account the fact that

160
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The area of the muscular cell,
cubic cm

350...400

401...450

cows partially combine the next calving and
previous lactation, the technological process
lasts 12 months, with the receipt of weaned
calves every year.

Ukrainian black-and-white dairy breed
M Ukrainian beef breed

451...500 > 500

Live weight at the time of slaughter, kg

Figure 1. The area of the muscular cell of bull-calves,
depending on the live weight before slaughter

Source: A. Ugnivenko et al. (2022)

On a farm with a finished cycle of produc-
tion in the broodstock, the production cycle in-
cludes the same periods, but after weaning of
the calves, rearing and fattening of the young
is added. The total duration of the production
cycle on such a farm will be 6 months longer

= Pregnancy
Suckling period

= Fattening

than the “cow-calf” system. The extension of
the production cycle contributes to the increase
in the number of livestock on the farm, but due
to the extended cultivation of young animals,
it will contribute to the growth of the gross live
weight of the reared livestock.

= Pregnancy
Suckling period

= Fattening

B

Figure 2. Duration of the production cycle on the farm (months)
using the cow-calf system (A) and the completed production cycle (B)

Source: author’s development

In addition to the duration of the produc-
tion cycle, it is possible to use two different
forms of organization of livestock reproduction
in beef cattle breeding, in particular year-round
and seasonal calving. There is an opinion that
seasonal calvings have certain advantages over
year-round calvings, due to the consolidation
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of labour-intensive operations (calving, insem-
ination), the ability to form large homogene-
ous groups of animals and the most optimal
use of pastures. At the same time, a detailed
comparison of these forms of organization of
reproduction of beef cattle in the conditions of
Ukraine was not carried out.
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The movement of livestock throughout
the year under the conditions of year-round
calving with their distribution maintained
throughout the year and seasonal calving in
February-April was modelled, which is pro-
vided by tour mating campaigns in May-]July.
Under the conditions of obtaining year-round
calving at the beginning of the year, the total

number of cattle is 4.882 heads, and for sea-
sonal reproduction it is 310 heads less (Ta-
ble 3). The decrease in herd size during sea-
sonal calvings is due to the peculiarities of the
organization of the production process and
the redistribution of livestock, in particular,
there will be no suckling calves at the begin-
ning of the year.

Table 3. Population of cattle of different gender and age groups

Number of heads

No.  Sex and age groups of beef cattle for year-round calving for seasonal calving
1 Cows 1752 1752
2 Heifers 726 867
3 Repair heifers (over 7 months of age) 922 961
4 Suckling heifers 453 —
5 Suckling bull-calves 450 —
6 Bull-calves from 7 to 14 months 577 961
7 Bulls 22 22
In total 4882 4572

Source: author’s development

The dynamics of livestock in groups of live-
stock, under different options for the organiza-
tion of reproduction, is shown in Figures 3 and
4. Under the conditions of obtaining relatively
uniform calvings throughout the year, a trend
of a gradual increase in the number of cows,
which is provided for by the strategy of expand-
ed reproduction of the herd, is clearly observed.

The growth of the brood stock will reach 36%
for the year. In all groups, the number of cat-
tle during year-round calving will be relatively
stable. This implies the need to have a certain
number of places in the premises and pens to
keep the corresponding accounting groups of
livestock, and the filling of sections for keeping
animals will be relatively constant.
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Repair heifers Suckling heifers
=== Suckling bull-calves e=g==Fattening bull-calves
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Figure 3. Size of livestock groups with relatively uniform calvings throughout the year

Source: author’s development
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Figure 4. The size of livestock groups for obtaining seasonal tour calvings

Source: author’s development

With seasonal tour calving, the year-end
increase in the number of cows will reach 32%,
which is 4 percentage points less than with
year-round calving. The difference is due to the
way cows are culled, as with seasonal calving
they are removed from the herd in the autumn,
before the start of the winter period, while with
year-round calving they are gradually removed.
The structure of the herd changes significantly
during the year with seasonal calving. In par-
ticular, fattening cows and heifers are in the
herd only from October to April, while suckling
calves are in the herd from February to Octo-
ber. During most of these periods, the number
of cattle in the groups is at its maximum level
and hardly changes. For example, from April to
September, the number of suckling calves with
cows will be more than 2.5 thousand. This sim-
plifies the organization of care for cows with
calves, but requires large areas in pens and
premises. For comparison, with year-round
calving, suckling calves will be in the herd all
year round, but their number will range from
0.9 to 1.7 thousand. The solution to the prob-
lem of space for cows with suckling calves is to
use pasture-based housing. Thus, in farms with
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pasture, the organization of seasonal calving
will be more appropriate. Year-round calving
reduces the need for headspace by levelling the
number of cattle groups throughout the year,
and is more appropriate on farms that do not
have sufficient pasture or are focused on rear-
ing animals in pens.

An important element of production on
beef cattle farms is the sale of finished prod-
ucts. With year-round calving, the production
of livestock groups will be spread over the
whole year, while with seasonal calving, the
sale of animals should take place in relatively
short periods of time (Fig. 5).

With year-round calving, a cow-calf farm
can sell groups of bull-calves ranging from 38
to 198 head for fattening each month. The dif-
ference in the size of the weaned calf product
groups will depend on the uniformity of calv-
ing throughout the year. In the case of seasonal
calving, weaned calves are received in October.
The group of bull-calves to be sold for fattening
will be about 1.3 thousand heads. This is nu-
merous bulls, which increases the risk of lower
prices or delays in sales, which in turn are asso-
ciated with additional feed costs.
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Figure 5. Predicted dynamics of production of the main types of products during the year
for year-round calvings (A) and seasonal calvings (B)

Source: author’s development

A similar situation exists with the sale of
cattle from a farm with a complete cycle of
growing young stock. With year-round calv-
ing, groups of bull-calves for slaughter ranging
from 38 to 156 heads and cull cows from 10 to
48 heads are formed every month. The gradual
sale of relatively small groups of cattle allows
forming long-term contracts with processing
companies on the most favourable terms. Re-
ceiving large batches of bull-calves for slaugh-
ter that need to be sold within three months

requires finding wholesale buyers capable of
processing such livestock. Under conditions of
synchronized production on other farms with
seasonal reproduction, there may be a period of
oversupply, followed by a long period of lack of
cattle for slaughter.

The system of production organization in
beef cattle breeding can affect the use of differ-
ent types of feed by livestock, which is due to
changes in the structure of the livestock herd
during the year (Table 4).

Table 4. The need for fodder for a herd of beef cattle per year

The need for fodder, quintals

Sex and age groups of

compound

livestock silage feed hay straw greens (grass)
Year-round reproduction of livestock
Cows 76842 21118 16782 23687 118792
Heifers 17850 4610 3898 5502 23211
Repair heifers 29997 3942 5100 4909 33077
Suckling heifers 7027 2088 2726 — 12986
Suckling bull-calves 8179 2432 3173 — 15130
Bulls 1139 304 442 — 1613
Fattening bull-calves 3599 8544 4319 — —
In total 144633 43038 36440 34098 204809
Seasonal calving
Cows 77606 22906 16948 23922 141203
Heifers 18977 3200 4144 5850 729
Repair heifers 34152 4385 5806 5588 35288
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Table 4. Continued

The need for fodder, quintals

Sex and age groups of

livestock silage corrflg:&md hay straw greens (grass)
Suckling heifers 3986 2129 1546 — 20662
Suckling bull-calves 4654 2485 1806 — 24105
Bulls 1173 352 455 — 2219
Fattening bull-calves 3973 9431 4767 — -
In total 144521 44888 35472 35360 224206

Source: author’s development

The analysis of feed requirements for a
calendar year showed that the use of year-
round and seasonal calving did not lead to sig-
nificant changes in the use of different types
of feed measured in kind. With seasonal calv-
ing, there is a slight decrease in the need for
silage (up to 1%) and hay (up to 3%) and a 4%
increase in the need for compound feed and
10% increase in pasture grass. This difference
is not critical for the farm and is less than the

loss of some types of feed during storage and
feeding. Thus, in farms with a complete pro-
duction cycle, the annual ration structure will
not significantly depend on the distribution of
calving throughout the year. The total annual
production volumes on a farm with seasonal
and year-round calving differ slightly (Ta-
ble 5). This is partly due to the shift in produc-
tion of final products from year-round calving
to the following year.

Table 5. Volumes of production on the farm for the year

A group of animals for realization

cow-calf system finished production
(weaned bull-calves culled cows (bulls) cycle (bull-calves
for fattening) for slaughter)

Year-round reproduction of livestock

Indicator

Implementation per year, heads 1109 277 (7) 982
Live weight of 1 head, kg 250 550 (900) 450
Gross live weight, quintals 2772.5 1586.5 4419.0
Cost of gross live weight, thousand UAH 26061.5* 6187.4** 40212.9%**
Seasonal calving
Implementation per year, heads 1268 316 (7) 952
Live weight of 1 head, kg 250 550 (900) 450
Gross live weight, quintals 3170.0 1801.0 4284.0
Cost of gross live weight, thousand UAH 29798.0* 7023.9%* 38984.4%**

Notes: Cattle sales prices are calculated per 1 kg of live weight. * The expected sale price of bull-calvess for
further fattening is UAH 94, taking into account the sale prices of young animals for slaughter of the I category;
** Selling price of cows and bulls for slaughter is UAH 39. The ratio of the shares of animals of different
categories is taken into account in the calculation. Cows: lean — 30%, category I — 35%, category II — 45%. ***
The selling price of bull-calves for slaughter is UAH 91. The ratio of the shares of animals of different categories
is taken into account in the calculation. Bull-calves, I category — 85%, II category — 13%, sale of cattle — 2%.
Cattle categories for slaughter were determined according to DSTU 4673:2006 (2011)

Source: author’s development

With expanded reproduction and year-
round calving, the full cycle of rearing young
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animals for meat makes it possible to increase
the total live weight of sold young animals by
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59% and revenue from their sale by 54% com-
pared to the cow-calf system. In the case of
seasonal calving, the difference between the
different options for organizing the farm’s work
is smaller, due to the receipt of weaned calves
at the same time throughout the year. In par-
ticular, the full cycle of growing young animals
makes it possible to increase the live weight
of bull-calves for sale by 35% and their total
cost by 31%. After the farms switch to a simple
reproduction system, there will be no differ-
ence in the number and live weight of cattle
for slaughter or fattening during seasonal and

year-round calving, but the full cycle of rearing
will significantly increase the number of mar-
ketable products.

Due to the extended rearing of young an-
imals on a farm with a complete production
cycle, more feed is consumed. In order to esti-
mate the feed consumption per total live weight
of livestock intended for sale, we added the
gross live weight of culled cows and bulls to the
weight of weaned calves intended for fatten-
ing (cow-calf system) and bull-calves raised for
slaughter (full cycle of rearing). The results of
the analysis are shown in Table 6.

Table 6. Feed costs per 1 kg of live weight of livestock,
depending on the final product production option

Cow-calf system
(the main product is weaned bull-
calves for fattening)

Indicator

finished production cycle
(the main production is bull-
calves for slaughter)

Year-round reproduction of livestock

Total weight of livestock for sale,

quintals 4359.0 6005.5
Annual costs of fodder on the farm,
quintals fodder unit 132458.1 145054.9
Feed consumption per 1 kg of live
weight, kg of fodder unit 30.3 24.2
Seasonal calving
Total weight of'livestock for sale, 4971.0 6085.0
quintals
Annual costs of fodder on Fhe farm, 136846.2 150751.0
quintals fodder unit
Feed consumption per 1 kg of live 275 248

weight, kg of fodder unit

Source: author’s development

The total feed costs take into account the
feeding needs of all livestock groups, but they
are recouped only through the sale of calves
intended for fattening or bull-calves bred for
slaughter and cull cows and sire bulls. The clear
result is that per 1 kg of live weight of all live-
stock intended for sale, feed consumption will
be higher when the farm operates under the
cow-calf system. On a farm with year-round
calving, with a full cycle of growing and fat-
tening young animals, the total feed costs per 1
kg of live weight of cattle intended for sale will
be 20% lower. The complete cycle of rearing

bull-calves for meat during seasonal calving al-
lows for a 10% reduction in feed consumption
per 1 tonne of live weight. When comparing the
efficiency of feed use on a farm with a complete
cycle of growing young stock for seasonal and
year-round calving, no significant difference in
feed consumption was found. The difference of
up to 10% was for the cow-calf system, which is
explained by the receipt of some weaned calves
in the following year, which led to worse per-
formance in year-round calving.

This study presents a simulation model of a
beef cattle population based on actual data and
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component variables that can be used to com-
pare the effectiveness of technical strategies
on a farm. A similar technique has been used
to evaluate the most efficient model of cattle
reproduction and, according to O.A. Ojeda-Ro-
jas et al. (2021), this research method has all
the advantages over a physical experiment, as
it does not require significant costs and changes
to the actual production system on farms before
the final result is obtained.

A. Ugnivenko et al. (2016) believe that the
cow-calf technological operation is the main,
most complex and important for obtaining
healthy and cheap calves for fattening. It in-
cludes all types of work during the inter-calv-
ing cycle of a cow, including insemination of
the breeding stock grazing on pastures, organ-
ization of feeding and housing during the stall
period. All of this should be done with econom-
ical use of labour and inputs so that calves are
not too expensive after weaning. The author of
the publication argues that it is advisable to use
seasonal (mainly early spring) calving in beef
cattle herds, with calves weaned in autumn. The
current study did not confirm a clear advantage
of early spring calving. There was a slight re-
distribution of the need for different types of
feed, which had almost no effect on the total
cost of feed per cent of live weight of livestock
intended for sale. At the same time, seasonal
calving is associated with obtaining marketable
cattle in short periods, which creates risks of its
sale, although the cultivation of homogeneous
groups of animals is easier in terms of tech-
nology. M. Michalickova et al. (2015) argue that
strict adherence to the principles of seasonal
reproduction of beef cattle, with calving in Jan-
uary-March, is critical for a cow-calf system, as
it facilitates efficient grazing management and
reduces feeding costs during spring. When de-
ciding on the option of organizing reproduction
on a farm, it is also advisable to consider the im-
pact of the season on livestock productivity and
value. It was found (Titterington et al., 2017)
that cows calving in June had the shortest and
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November the longest period between calvings.
G.W. Henry et al. (2016), based on an analysis of
19 years, determined that autumn calving was
more profitable than spring calving for different
diets and weaning ages, due to changes in the
price of weaned calves. These data confirm the
conclusions that the use of year-round calving
allows for a relatively even distribution of the
positive and negative effects of year factors on
livestock productivity and sales prices. In the
case of seasonal reproduction, it is important to
carefully justify the period of mass calving, tak-
ing into account the peculiarities of fodder pro-
duction, cyclical changes in livestock productiv-
ity throughout the year and prices for calves and
young animals for slaughter.

The study found that in terms of conversion
of feed into live weight of commercial cattle,
own fattening is more efficient than production
under the cow-calf system. But in the studies of
A.R. Huerta et al. (2016), it was found that the
organization of in-house fattening has a num-
ber of other risks, including water depletion,
terrestrial ecotoxicity, photo-oxidant forma-
tion, freshwater ecotoxicity, etc. that need to be
taken into account when setting up a farm. In
the context of climate change and the depletion
of natural resources, the option of organizing
beef production is of great importance. Young
beef cattle can be raised for meat using semi-in-
tensive pasture and intensive feedlot systems.
The use of extensive systems significantly in-
creases the need for feeding areas. The feasi-
bility of building fattening complexes with in-
tensive cattle breeding for meat is evidenced by
the 64% saving compared to irrigated pastures
(Broom, 2019).

The study was conducted in an intensive
farming area, where field forage production en-
sures high yields of fodder crops and makes it
possible to provide a full cycle of livestock pro-
duction within one enterprise, from the cow-
calf system to the sale for slaughter. However,
this production system may have limitations
in other environments. The study by Y. Liu et
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al. (2023), conducted in Inner Mongolia (Chi-
na), found that in beef cattle breeding areas
where effective feed supply has not yet been
established, it is difficult to meet the needs of
numerous cattle, so own feeding can lead to
stunted growth of young animals and negative-
ly affect income. In Canada, different types of
farms are widespread, ranging from exclusive-
ly cow-calf to exclusively feedlot production.
S.C. Sheppard et al. (2015) note that the pro-
duction organization of farms is significantly
dependent on natural and climatic conditions,
and production systems in the prairies differ
from those in the eastern provinces of Ontar-
io and Quebec. In particular, the prairies have
earlier and shorter calving seasons, winter
grazing, barley-fed diets with a lower propor-
tion of corn, and more seasonal feeding zones.
In Ukraine, the organizational system of beef
cattle farms should also take into account the
natural and climatic conditions and availa-
bility of feed resources, but with the fact that
the price of cattle is much lower than in many
countries with developed livestock production,
as reported by V.M. Ivchenko et al. (2021), it is
currently advisable to produce beef from beef
cattle in a complete production cycle and under
conditions of own efficient pasture and field
fodder production with high quality and low
cost of feed.

Another factor in the efficiency of beef cat-
tle herds is the duration of cow use. The farm
we used as a baseline for our analysis relies on
extended reproduction with long-term produc-
tive use of cows (on average, about 8 years).
Studies conducted by A.G. Sessim et al. (2020)
confirm the feasibility and expediency of this
approach. In particular, they point out that the
economic efficiency of a farm depends on cows
remaining in the herd as long as possible, the
best cow efficiency indicators are for culling
cows at the age of 13, and for farms — when
culling cows at the age of at least 6 years. In
other words, the cow-calf system is most effi-
cient when cows reach full maturity in terms

of age and live weight. This creates effective
prerequisites for the expanded reproduction or
sale of over-repair heifers.

Thus, to ensure efficient production in beef
cattle breeding in Ukraine, farms should focus
on the full cycle of obtaining, growing and fat-
tening cattle to a live weight of 450-500 kg and
the long-term use of cows in the herd. The de-
cision to introduce seasonal or year-round re-
production should be made taking into account
the availability of production areas and rational
approaches to selling cattle for slaughter.

Conclusions

The development of the beef cattle industry is
possible only if the most efficient model of farm
operation is chosen. The analysis of production
options on a beef cattle farm showed a signif-
icant advantage of the complete production
cycle over the cow-calf system. With the cow-
calf system, the production cycle is shorter by
6 months and total feed costs are approximate-
ly 10% lower, but with a full cycle of growing
young cattle for meat, the total live weight of
cattle for sale can increase by 59%, which makes
it possible to reduce feed costs per 1 tonne of
live weight by up to 20%.

The seasonality of calving, which is tradi-
tionally used in beef cattle breeding to improve
production efficiency, does not have a clear
positive impact. In addition to increasing the
productivity of cattle calving at certain periods
of the year, as pointed out by the authors of a
number of literature sources, tour calving al-
lows cattle to be sold in a short time. Receiving
large batches of livestock for sale increases the
risks for beef cattle farms and limits the flow
of funds for most of the year. The production
effect of using seasonal tour calving is a slight
redistribution of the share of different types of
feed, an increase in the need for pasture grass
and a decrease in hay and silage. Early spring
calving is advisable for farms that operate a
cow-calf system and rely on pasture as the
main source of feed. With a complete cycle of
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raising cattle for meat and fattening them on
the farm, the difference in feed requirements
for different types of feed will be insignificant.

To ensure efficient production in Ukraine,
it is advisable to combine the cow-calf system
and a complete cycle of growing bull-calves for

study the most effective schemes for organiz-
ing the feeding of beef cattle in different phases
of the production cycle, taking into account the
natural and climatic zones of farms, the charac-
teristics of available feedlands and the impact
on cattle health and beef quality.

meat on beef cattle farms. The decision on sea-

sonal reproduction of cattle using tour calving Acknowledgements

should be made taking into account the type of  None.
fodder lands, availability of production areas on
the farm and the possibility of profitable sale Conflict of Interest
of cattle. Prospects for further research are to  None.
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AHoranis. M’sicHe ckoTapcTBO B YKpaiHi BBakalOThb IT€PCIIEKTMBHOIO Ta COIiaJIbHO 3HAYMMOIO
raay33i0 TBAapMHHUIITBA, B SIKiii CIIOCTEpiraioTh CHCTEMHE CKOPOYEHHS BUPOOHUIITBA. MeTa
IOCTiJIKeHHs ToJsiraia B MOIIYKY Hait6inbil edeKTMBHUX BapiaHTiB opraHisauii BUpOOHMIITBA
y M’SICHOMY CKOTapcTBi. [Ijis TIpoBeljeHHs aHali3y BUKOPUCTaHi maHi BMPOOHMYOI HisUIBHOCTI
CiTbCHKOTOCTIONAPCHKOTO MiAIIPUEMCTBA 3 TIOTOJMIB’SIM TMOHAM 4,5 TUC. TOMiB Xymob6u M’SICHOTO
HamnpsIMy MPOAYKTUBHOCTI, 30KpeMa 6isbiire 1,7 THc. KOpiB. 3 ypaXyBaHHSIM CTpaTerii po3BUTKY
MiINPUEMCTBA, $SKa Iepenbavasna posIIMpeHe BiATBOpeHHS 1 peanizamiio 6yraiiiB Ta
BMOGPAKYBaHOTO MATOYHOTO IOTOMiB’S, OY/I0 ITPOaHaTi30BaHO BMPOOHUYI MTOKA3HUKM BiJi PO6OTU
dbepmu 3a cucremor «KOpOBa-TeJs» i 3aKiHUEHOTO UMK/IY 3 BUPOIIYBAHHSM MOJIOOHSIKY IO
3a6iifHMX KOHOMIIiN. AHaji3 I[MX BapiaHTiB opraHisaiii BMPOOGHMIITBA IPOBOAWIM [JISI YMOB
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BUKOPUCTAHHS IIIJIOPiYHMX i CE30HHUX (3 JIFOTOTO IO KBiT€Hb) OTe/lieHb Ha depMmi. BussieHo, o
3a OTPUMAaHHS OTeJieHb BIPOJOBXK POKY KiJIbKiCTh TOJTIOBOMICIIb B IPUMIIIEHHSX i 3aroHax Gyme
BiJHOCHO CTajIOl0. 3a C€30HHMX OTeJleHb CTPYKTypa CTala BIIPOJOBX POKY 3MIiHIOETHCS CYTTEBO.
Peavtizaniist roToBoi poAyKUii 3a Ce30HHUX OTeJIeHb MOBMHHA BiIGYBaTUCh y BiTHOCHO KOPOTKi
MPOMDKKM Yacy Ta BEIMKMMU TpPylamMu. 30KpemMa MicsiuHa peastizaiist 6yraiilis mjist Bigromismi
3a CUCTeMOIO «KOpOBa TeJlsl» 3a Ce30HHUX OTeleHb O6ye B cepefHboMY y 11 pasiB 6inbiua, HixK 3a
LIJIOPiYHOTO BiATBOPEHHS B CTai. 3a MOBHOTO LIMK/Y BMPOIIYBaHHS MaprTii Oyraiiiis ajs 3a6010
6yaoyThb BiIPi3HATUCH MEHIIIE, ajle MPUIAJATUMYTh JIXIIEe Ha BECHSIHI MiCsIIi. 32 CE30HHMX OTeIeHb
TiJ] Yac 3aKiHYEHOTO LIMKITY BUPOOHUIITBA BUSIBM/IV 3MeHIIEeHHSI ToTpebu B cumoci 1o 1 % i cini ;o 3
% Ta 3061/bIIIeHHS TTOTPe6Y B TACOBUIIIHIM TpaBi Ha 10 %. [TOBHMIT LIVIK/ BUPOLTYBaHHS OyraiiiliB Ha
M’SICO Ja€ MOKIMBICTh 361IBIINUTY 3arayibHY )XUBY Macy peanizoBaHoi xyno6u Ha 59 %, BUPYUKY Bif
peasizalii Ha 54 % Ta 3MeHIINTH 3arajbHi BUTpaTH KOpMiB Ha 1 11 5kuBoi Macu Ha 20 %. IIpakTuuHe
3HAUYEeHHSI JAHOTO AOCTiIKEHHS TIOJISITa€ Y OTPMMAaHHI pe3yabTaTiB, SIKi MOKYTb OYTY BUKOPUCTAHI
B M’SICHOMY CKOTapCTBi YKpaiHu 111 TulaHyBaHHS e(DeKTUBHOI opraHisailii BUpOGHUIITBA

KnrouoBi c1oBa: Bennka porarta XY,ZLO6a; cucTteMa «KOpoBa-TeJIsd»; Bi,ElI'O,Z[iBJ'[H; BUTpATUN KOpMiB;
SAJIOBUYMHA
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Abstract. The relevance of the study is due to the problem that is typical for different types of
structures of screw press zeer corps, namely, determining the optimal gap for oil yield, which has
practical and economic feasibility. In this regard, this study is aimed at analysing the existing
types of zeer corps, identifying their advantages and disadvantages to find methods to improve
their design and increase oil yield. The leading methods for solving this problem are empirical
research methods, which allow comprehensively considering the existing types of structures
based on observation and, through comparison and experiment, to find a rational solution to
the problem. The paper analyses the features of technical means for oil separation in presses
and extruders, substantiates the practicality of the existing design and indicates the complexity
or simplicity of designs in the scientific literature. The need to supplement the existing terms
for various designs of the oil separator bodies and possible ways to improve the process of oil
separation into different fractions are identified. Experimental studies were carried out with a
set of semi-hulls of the zeer sections with different gaps. This made it possible to identify a
smaller percentage of cake shedding through the zeer sections, with a corresponding reduction
in the gap. The results of oil yield were obtained depending on the established gap in the semi-
hulls of the slotted elements of the zeer camera and the heating temperature of the hulls. A
decrease in the percentage of shedding with a decrease in the gap in the zeer camera was found.
The studied design of the zeer camera type confirmed the versatility and simplicity of its design,
which facilitates its maintenance and replacement. For each processed tonne of seeds, due to
the increase in the amount of oil squeezed out, the profit of a farmer or enterprise that improves
twin-screw extruders by adjusting the gaps as follows will increase accordingly

Keywords: oil production; zeer camera; twin-screw press-extruder; oil output; shedding of oil
cake

Introduction

Mechanical pressing or pressing is the most
common method of extracting vegetable oils
from oil-containing raw materials in all coun-
tries of the world. The use of the continuous
production method in the design of screw
presses and extruders, as well as the ability to
convert them to meet production requirements,
stimulates the further development of this
equipment (Choton et al., 2020). In countries
with developed machine building, the techno-
logical equipment for oilseed production is, in
most cases, universal, and can be used to extract
oils from various types of oil-bearing fruits and
seeds. Screw presses made by world-renowned
manufacturers can be adapted to different
types of oilseeds in a short period, depending
on the design of the press. Large plants (which
have high oil extraction efficiency) use complex

equipment that is expensive and always import-
ed. Most of the existing oilseed screw presses
for small and medium-sized crushers were de-
signed for a specific type of seed. Therefore, in
many developing countries that produce their
screw presses for local needs, there is a step-by-
step development and improvement of screw
presses for pressing oils from several types of
oil-bearing fruits and seeds. This will allow
farmers and processors to have a machine that
can handle many types of oilseeds and will re-
duce production costs and increase the produc-
tivity of their enterprises (Olaoye et al., 2020).
In agricultural countries, there is a lack of af-
fordable and efficient solutions for home oil
production. The ideal answer to these specific
questions is provided by modified screw presses
(Gawas et al., 2023).
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Screw presses and oil press extruders are
simple in design, easy to maintain, and do not
require highly skilled technicians to operate.
The by-product of oil production, cake, can be
used as animal feed (Amiolemhen & Eseig-
be, 2019). The safety and simplicity of the whole
process is an advantage compared to more ef-
ficient solvent extraction equipment. Screw
presses used in small-scale agricultural oil mills
typically have a capacity of 40 to 200 kg/h. How-
ever, screw presses are relatively inefficient, as
approximately 10-18% of the oil remains in
the cake at the output (Hudzenko et al., 2020).

In the work of M. Hudzenko et al. (2020) de-
scribes the concept of oil and cake separation.
The authors distinguish three typical schemes
for the design of the zeer corps in screw presses,
namely the design of the oil drainage holes in
the zeer corps. 1) Drilled holes: This type of oil
separation scheme has round holes in the zeer
corps for oil drainage. The main advantage of
this arrangement is that no additional parts are
required for the oil separation system. The zeer
corps is manufactured in a monolithic, cylin-
drical shape. However, the oil separation holes
in this system are not adjustable. 2) Tie-down
housing with slats. The zeer cylinder is assem-
bled from individual zeer bars, which are fixed
in the body frame, forming the inner surface
of the zeer cylinder, in which the screw shaft
is placed, and the oil is squeezed out. The gaps
between the zeer bars are created by installing
calibration gaskets between them or by special
tides or cuts on one of the zeer bar side surfaces.
By using shims of different thicknesses, gaps of
different sizes can be achieved. In addition, in
this scheme, the set of strips is made in such a
way that the inner surface of the zeer cylinder
takes the shape of a “brush”. This is necessary
to ensure that the oil-containing material fric-
tion against the cylinder walls, which signif-
icantly reduces the possibility of its rotation
with the screw shaft. The material must not ro-
tate, as rotation will not cause the material to
move translationally along the shaft axis, and
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therefore no oil will be squeezed out. 3) Sleeve
rings: In this type of oil drainage arrangement,
the zeer corps consists of flat triangular or hex-
agonal plates separated by sleeve rings, which
are placed on frame tubes. This arrangement
allows for greater flexibility in adjusting the
press drainage gaps and results in a very simple
assembly that can be easily maintained.

Determining the optimal operating param-
eters of screw presses allows for economical
use in terms of labour, energy and operating
time, thereby reducing the cost of production.
Improving process efficiency and finding alter-
native methods of machine setup have always
been of utmost importance when studying me-
chanical oil pressing processes. There are many
methods that can be used to improve process
efficiency, and there are many components and
combinations of components that can be used
in the process (Bako et al., 2020).

Most of the above-mentioned scientific
papers on the improvement of screw press-
es for oil extraction usually consider options
for constructive improvement of the geomet-
ric parameters of screw shafts, select rational
shaft speeds, gaps in the press matrix at the
oilcake outlet, temperature limits for heating
the oil-containing material or the press body,
consider seed moisture, etc. However, the in-
fluence of the shape, number, and location of
the oil outlet holes in the zeer corps remains
poorly understood in scientific papers. When
comparing the features of each typical design
scheme of the zeer corps of screw presses with
the zeer corps of twin-screw press extruders, it
was found that the latter have significant dif-
ferences. Therefore, given that the design of oil
extrusion twin-screw presses is poorly studied
in the scientific literature, the topic of this pa-
per is relevant.

The aim of the study is to analyse the ex-
isting designs of oil drainage channels of screw
presses and determine the rational layout of
the zeer corps of a twin-screw press extruder
for oil extraction.
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Literature Review

Mechanical pressing can be defined as a phys-
ical process of partial separation of a liquid
phase (oil) from a heterogeneous solid-plastic
raw material under the influence of external
forces. The degree of separation of the liquid
phase mainly depends on the design type of the
pressing equipment and the properties of the
oil-containing raw material to be mechanically
pressed (Bako et al., 2017). Due to the complex-
ity of the phenomena that occur during press-
ing, there is no single theory of the process, and
the concepts known so far are only semi-the-
oretical concepts that seek to summarize as-
pects observed in the laboratory or during the
operation of industrial equipment (Ogunlade &
Aremu, 2020).

It is well known that the basic principle
of operation of a screw shaft press (Fig. 1) for
pressing oil is the movement of oilseeds along

the working chamber from the loading mouth
and their gradual compression towards the oil-
cake outlet chamber. The actual pressing pro-
cess takes place under the action of an active
body (screw or screw shaft), which first com-
presses the oil-containing raw material in or-
der to eliminate voids with air between its par-
ticles. Compression of the oil-containing seeds
is carried out by reducing the free volume of the
channels of the screw shaft’s working area. In-
creasing the pressing force means reducing the
volume of the particles, which leads to the sep-
aration of oil from their capillaries, along with
the separation of oil on the surface of the parti-
cles. It should be borne in mind that the increase
in pressure on oil-containing raw materials
should be gradual, so that the crushed particles
of the solid phase do not clog the capillaries
and block the oil flow through the special slots
of the zeer camera (Alonge & Jackson, 2019).

A B C

2

Figure 1. Schematic image of a screw press for pressing oil
Notes: A — power supply zone, B — transportation zone, C — compression zone, D — oil removal zone, D - oil cake

exit zone, 1 — oil-containing raw materials, 2 — oil, 3 - oil cake

Source: developed by the authors

In the power supply zone A and transporta-
tion zone B of the oil-containing material, there
is free space between the seeds. Therefore, air
is displaced, and the raw material is compacted
in the compression zone. The mechanical com-
pression must constantly increase the compac-
tion of the material and also compensate for the
loss of volume when the oil escapes through the

openings of the zeer camera. In a single screw
press, the material is moved along the screw
axis only by friction against the inner wall of
the working chamber. The pressure responsible
for squeezing the oil is due to the restriction of
flow at the press outlet, which causes a pressure
gradient that induces a pressure flow opposite
to the material flow. The combination of the
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two flows determines the feed rate, so that the
performance of the press depends on the speed
of the screw (Alonge & Jackson, 2019). Due to
the diversity and complexity of the mecha-
nisms involved in this dynamic process (trans-
port, shear forces, compression, filtration...),
the scientific literature suffers from a lack of
data on the development of restrictions and oil
leakage along the screw. Despite significant re-
cent advances in press design and automation,
it remains difficult to predict the performance
of continuous pressing based on a theoretical
approach (Bogaert et al., 2018).

The process conditions of the screw press
have a significant impact on the oil pressing
efficiency. These conditions are defined in
(Bogaert et al., 2020) as: seed quality, body
heating temperature and product outlet tem-
perature, seed feed rate, screw rotation speed
and screw profile, which can determine the de-
gree of filling of the screw shaft, friction, and
pressure increase. Thus, the effect of pressure
on pressing efficiency can be studied by ap-
plying different moisture content in the seeds
and operating modes (conditions) during the
oil pressing process, as well as different screw
configurations. For all tested seed moisture
content, the oil pressed at 60 and 75°C was
higher than the amount of oil pressed at 45°C,
and the oil yield improved with increasing
pressing temperature.

To obtain high-quality press performance,
the seeds or pulp fed into the press must have
a certain moisture content and temperature,
which depend not only on the type and quali-
ty of the raw material, but also on the type of
screw press. The parameters of moisture and
temperature processing of peppermint and
pulp are determined empirically for each indi-
vidual case. Oil extraction from the pulp takes
time. That is, the longer the pressing process,
the higher the oil yield. However, as the speed
increases, the duration of the pressing process
decreases. For this reason, the speed of the
screw shaft in modern presses does not exceed
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60-70 rpm. Moreover, as shown by the studies
described in M. Hudzenko et al. (2020), the re-
sidual oil content of the pulp decreases rapid-
ly at the pre-pressing stage and slowly at the
final pressing stage. A deeper analysis of for-
eign works (Supriyadi et al., 2019; Chowdhury
& Mahmud, 2020; Yate et al., 2020) revealed
that most authors (Beerens, 2007; Siregar et
al., 2015; Hudzenko et al., 2020) divide screw
presses into two main types according to the
design of the zeer corps:

1) “hole cylinder press” - perforated cyl-
inder. Oil drainage holes are cylindrical in a
monolithic body. They are mainly intended for
individual use and small farms. The vast ma-
jority of presses of this type operate using cold
pressing technology, but before starting work,
the body is heated with electric heating ele-
ments. Moreover, the outer hole has a larger di-
ameter than the inner one, and can be half the
thickness of the casing, while the other half is
drilled to the inside of the casing with a smaller
diameter. This difference is to prevent it from
becoming clogged with oilcake spillage. The oil
drainage area is located far away from the oil
cake outlet area, as the pressure on the oil cake
is highest in the oil cake outlet area. Therefore,
if the oil drainage holes are placed close to the
oil cake outlet, the oil holes will quickly become
clogged with cake. The dry meal comes out of
the nozzle. There is a heating system on the oil-
cake drain. The heat ensures a higher oil yield
and a lower residual oil content in the cake. In
this type of screw press, different types of seeds
can be pressed by changing the nozzle and the
speed of the screw shaft (Ionescu et al., 2014).

2) “strainer press” — a tie-down sieve press.
The designs of these types of presses are quite
diverse, but they are united by common char-
acteristics:

the zeer sections are mounted along the
entire length of the screw shaft (except for the
section with the intake coil);

longitudinal (slotted) oil drainage holes
formed by
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- the gaps between the zeer bars (grates),
which are connected to each other by bars,
which in turn are tightened in a special frame;

- the width of the calibration washers be-
tween the zeer plates; the protrusions on the
bushings of the zeer plates’ side surfaces;

— the zeer cylinder is made to be disassem-
bled in the horizontal or vertical plane and con-
sists of separate sections.

In most cases, strainer presses operate us-
ing cold pressing technology. However, there
are press designs that include frying or electric
heating.

The paper by P. Evon et al. (2021) describes
the advantages of the modular design of twin-
screw extruder housings, namely the ability to
swap different working sections in the extrud-
er. The authors note the ability to effectively
configure the screw depending on the specified
needs, using a variety of elements with differ-
ent screw profiles. The correct choice of a screw
configuration kit is an important factor in max-
imizing the quality of extruded products.

Based on the analysis of scientific papers
and websites of screw press manufacturers, it

was found that the choice of the zeer body de-
sign scheme depends on the designed capaci-
ty of the press. Given that twin-screw presses
have a capacity of 150 kg/h, it is more appropri-
ate to use a sieve type of the zeer corps. Among
the many patents for twin-screw presses, there
are often structurally complex zeer cameras
(with numerous parts and combined with heat-
ing elements), which significantly increase the
complexity of manufacturing, maintenance of
the structure, and, accordingly, the final cost of
the product. Therefore, such factors as ease of
maintenance, quick replacement of worn-out
parts, and the cost of the zeer sections during
the operation of twin-screw presses are crucial
for choosing the design scheme.

Materials and Methods
Experimental studies were carried outin produc-
tion conditions at the enterprise PE “Plasma” in
2019. The equipment of the press line consisted
of a serial twin-screw press extruder EK 75/1200
manufactured by SPE “Extruder” (Kharkiv).
The main technical characteristics of the EK
75/1200 press extruder are shown in Table 1.

Table 1. Technical characteristics of the EC 75/1200 press extruder

Indicator Size

Productivity (for unthreshed sunflower seeds), kg/h 150-175
Installed power, KW 18.3

Power consumption, kW up tolé
Power of the electric motor, kW 7.5
Power of electric heaters, kW up to 12
Heating temperature of the housings (depending on the raw material), °C up to 150
Shaft rotation frequency, rev/min 30-60

Source: passport for the operation of the EC 75/1200 press extruder

The body of the twin-screw press extrud-
er (Fig. 2) consists of successively arranged
sections with an impermeable wall (heating
sections) 2, 3, 4, 6 and zeer sections 5, 7, which
alternate with each other and are bolted to-
gether. The working elements of the worms

are separate screw nozzles 10 and groups of
grinding nozzles 11, offset from each other
by 15° to form a screw channel, so that their
tops are located along the screw line. The au-
ger shafts of the technological unit are dis-
connected from the drive shafts. A die 8 is
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attached to the last zeer section 7, which, to-
gether with cone nozzles 9, forms a regulating
outlet slot for the cake. Each section with an
impermeable wall 2, 3, 4, 6 is equipped with

an electric heating element located around
its outer wall, which allows for controlled
heating of the section walls by adjusting the
electric current.

1 2 3 4 5 6 7 8
il Lo )
A TR [T A \\\\x\g“\\%\\\ \\\§

Figure 2. Scheme of the modular design of the twin-screw press extruder
Notes: 1- loading neck; 2, 3, 4, 6 — sections of corps heating; 5, 7 — zeer sections; 8 — matrix; 9 — conical nozzle;

10 - screw nozzles; 11 — groups of cams; 12 — shaft

Source: developed by the authors

The grinding nozzles located inside the
heating sections ensure that the processed ma-
terial is kept at the optimum temperature by
intensive mixing inside the section and prevent
the seeds from losing their mass in the form
of spillage. As the sections with an imperme-
able wall alternate with the zeer oil-pressing
sections, the zeer sections receive a uniformly
heated crushed seed mass at the optimum tem-
perature. The walls of the zeer sections are heat-
ed by heat transfer from the walls of the heating
sections. The design and technological parame-
ters of the experimental press extruder, the ge-
ometric parameters of the screw shaft, the com-
position, and characteristics of the measuring
devices are described in (Hudzenko et al., 2020).

The drive and the body heating system
were controlled from the control panel, which
is made as a separate unit. The control panel
scheme of the press extruder is implemented on
the basis of the Microchip 16F874 microcontrol-
ler, with a digital display implemented on LCD
indicators that display the values of the set and
monitored parameters. During the experiment,
the temperature values in two heating zones
(the first zone - sections 2, 3, the second zone —
section 6), the current consumed by the elec-
tric motor and the voltage of each of the three
supply phases were recorded. Temperature
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measurements in the two heating zones
of the press extruder body were performed
using thermocouples with KTY-81 elements
from Philips, and temperature control is carried
out using a thermal automation system.

The raw material under study was a batch
of whole rapeseed with a moisture content of
8.2%, which was determined by a moisture test-
er WILE-55 from Farmcomp. The seeds were
cleaned on a magnetic and air-sieve separator.
The choice of devices and measuring equipment
was made on the condition that they ensure the
accuracy of measurements regulated by stand-
ard methods described in more detail in the work
(Hudzenko et al., 2020). For the experiment, the
mathematical planning methodology developed
in the course of previous studies was used, and
the central compositional plan of the second or-
der was chosen as the basis. The data obtained
during the experiment was processed using the
computer software Microsoft Office Excel 2016.

Experimental studies were close to produc-
tion conditions, so in order not to violate the
technological conditions of oil extraction, the
flow of seed mass into the extruder hopper was
not interrupted, and all measurements were car-
ried out when the extruder reached a steady state.
All readings from the control panel were made
every minute, and the oil yield was determined
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by the control unit of time of 10 minutes. Dur-
ing this time, the oil, and cake squeezed out
of the press extruder were collected in special
containers, which were then weighed using Do-
motec Plus DT52 electronic scales. The selected
oil was settled, and the proportion of oilcake
(small particles) in it was determined. Thus, the
oil yield was calculated based on equation (1):

— [ Moil cak
Vo = ( O;nza < — Mshedding of oil cake) % 100, (1)

where V- output of oil, %; m_, . — weight of
oil cake, kg; m - mass of oil, kg, m
mass of shedding of oil cake, kg;
All control measurements in this study
were repeated three times, and the data ob-

tained were averaged.

shedding of oil cake -

Results and Discussion

The housing of twin-screw press extruders is
manufactured by SPE “Extruder” in a prefabri-
cated block fashion. It consists of separate sec-
tions connected in series: with a feed opening,
with impermeable walls (heating sections) and
zeer sections (for oil separation). The sieve sec-
tion of a twin-screw press extruder (Fig. 3) con-
sists of a body-frame 1 and four half-bodies of
slotted cylindrical elements 3. The frame of the
zeer section (Fig. 3a) consists of three hollow
metal plates that are permanently connected
to each other at a certain distance. They have
mounting holes located at the edges for bolt-
ing to other sections of the press extruder body
and inside the plates for fixing the bodies of the
slotted cylindrical elements.

Figure 3. General view of the zeer sections
Notes: a) mounted in the corps of the press-extruder, b) disassembled into component elements; 1 — body-
frame; 2, 3 — plate and half-shells of slotted cylindrical elements

Source: developed by the authors

The main body of the zeer camera is
formed by assembling two half-hulls of slotted
cylindrical elements that are pressed into the
body frame. Rigidly connected to each other,
they form an internal cylindrical surface, the
guide of which is the circumference of two cir-
cles of equal diameter, the centres of which are
located at a distance less than the diameter of
the circle but greater than half of it. This is a
characteristic feature of twin-screw press ex-
truders, in which the working bodies are in mu-
tual engagement.

The half-body of the slotted cylindrical el-
ement (Fig. 4) is made composite. It has a corps
1 in the form of a half-case of a zeer, which has
longitudinal wide slots on the lateral surface
from the outside, and is lined with zeer plates 2
from the inside, which are tightly adjacent to
each other along the entire length, and in the
middle section of the contact have longitudinal
grooves, which form slots for oil flow. In this
case, the oil slots coincide with the slots of the
slotted cylindrical element. The end sections
of the plate are rigidly connected to the half-
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housing by spot welding, and are additionally
fixed to the side of the half-housing by flanges

3 with necks. Each flange is attached to the end
of the half-hull with screws 4.

Figure 4. Half-body of a slotted cylindrical element

Notes: 1 - corps; 2 — zeer plates; 3 — flange; 4 — screws
Source: developed by the authors

The advantages of this design of the zeer
section include: reliability; ease of replacement
of individual worn plates; and quick replace-
ment of slotted cylindrical element bodies.
The two-layer design of the slotted cylindrical
element half-body, with the inner layer — the
zeer plates - resting on the outer body, requires
less material costs for repair, as only worn-out
plates are replaced. After all, only the inner lay-
er is subject to wear during operation.

The dimensions of the gaps between the
plates are determined by the structure of the

raw material being pressed and its initial oil
content. According to the manufacturer’s rec-
ommendations, the gap size for pressing rape-
seed and sunflower seeds is 0.45 mm. However,
during the operation of these types of presses
and for experimental studies, half-bodies of
slotted cylindrical elements with gaps for the
first zeer section of 0.4 mm and the second -
0.2 mm were ordered from the factory. Accord-
ing to the manufacturer’s design, there are two
zeer sections for the EK-75/1200 press brand,
and they alternate with heating sections (Fig. 5).

Figure 5. Location of zeer chambers during experimental studies on EK-75/1200 extruders

Source: developed by the authors

In most of the papers with experimental
studies (Evon et al., 2016; Carré, 2022), the oil
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pressing process was carried out under dif-
ferent operating conditions to evaluate their
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impact on oil yield, press capacity, energy con-
sumption, etc. In S.M. Sheikh & K.S. Zakiud-
din (2019), a report is compiled to provide some
insights into oil pressing technology that can
help improve rural development in terms of oil
extraction by small-scale crushers. Different
types of designs and advanced developments
are described in detail, with operating param-
eters and mechanisms used. Their analysis is
useful for designing similar equipment, and the
trends in the influence of various factors of the
press’s design parameters on oil yield are de-
scribed. For example, when processing Jatropha
curcas L. seeds using a screw press, the variables
studied were the extraction temperature (50°C,
70°C and 90°C), screw speed (40 rpm, 50 rpm
and 60 rpm) and the diameter of the hole in
the press die (11 mm, 12 mm and 13 mm). As
a result, the highest oil yield was obtained at
the highest temperature, lowest rotational
speed, and using the smallest die bore diameter
(Yate et al., 2020). As expected, the performance
of the screw press decreased as the oil yield in-
creased, but the energy consumption remained
almost unchanged over the evaluated range of
operating conditions. The prevailing conditions
were 90°C, 40 rpm and an 11 mm diameter out-
let nozzle for the oilcake. However, these are
complex and challenging studies.

In the work of K. Alabi et al. (2022), au-
thors describe in detail the methodology for
calculating the design of a single-screw press
for pressing palm oil. However, in such works,
the optimization of the size of the gaps in the
zeer cameras is not specified. The authors point
out that their press is simple in design, easy to
operate and maintain. However, they agree that
the technology of oil production on their press

needs to be further optimized. Future work
should investigate the impact of pressing pro-
cess variables (such as time and temperature)
on oil yield and productivity.

The validity of the choice of the initial var-
iable parameters adopted by us is confirmed
by the research and conclusions presented in
M. Mursalykova et al. (2023). The authors argue
that under the initial conditions, the yield of
safflower oil increased with a decrease in mois-
ture content, the size of the oil outlet channel,
and a decrease in rotation speed. However, this
is not enough to obtain the optimal parameters
of the process under consideration. To make a
final decision on the choice of optimal modes of
the process under study, it is necessary to con-
duct a series of experiments on changes in hu-
midity, pressure, and temperature. The authors
also note that when the humidity drops below
8%, the yield of safflower oil decreases due to
an increase in the temperature of the oil press,
as the oil “burns out”. Increasing the moisture
content above 10% also reduces the oil yield, as
excess moisture makes it difficult to press the
cake efficiently.

To obtain a more reliable assessment of the
experimental results for the twin-screw press
extruder, as established in previous studies de-
scribed in (Hudzenko et al., 2020), the initial var-
iable parameters were the heating temperature
of the housings. The size of the gap in the die
was set to 4.2 mm, and the shaft speed was set
to 42 rpm. These values were left with the values
obtained in previous studies, because at these
values, an increase in oil yield was observed.
During the experiment, the following scheme
of the arrangement of the zeer sections and
the size of the gaps in them was used (Table 2).

Table 1. The scheme of setting gaps in the zeer sections of the EK 75/1200 press extruder

The size of the gaps of the gap in the zeer sections, mm

No. of the experiment

The first zeer section

The second zeer section

1 Experiment 0.4 0.4
2 Experiment 0.4 0.2
3 Experiment 0.2 0.2

Source: developed by the authors
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Based on the obtained experimental re-
sults and computer processing, the graphical
dependence of the yield of rapeseed oil on the

Voil, % 34
33
32
31
30
29
28

27
Experiment 1

33.3 33.6 33.4
32.5 529 32.6
30.2
296 29.9

Experiment 2

size of the gap in the zeer sections (Fig. 6) at
different heating temperatures of the hous-
ings is shown.

120-125°C
W 130-135°C

m 140-145°C

Experiment 3

Figure 6. Dependence of the yield of rapeseed oil on the size
of the gap in the zeer section at different temperatures of heating the housings

Source: developed by the authors

When comparing the obtained values of
rapeseed oil yield, the effectiveness of using
reduced gaps in the zeer cameras (experi-
ment 2 and experiment 3) is obvious. Howev-
er, when a gap of 0.2 mm was set in the first
oil filtration zone (experiment 3), a slight

A

V shedding
of oil cake, %

O = N W A U1 N3

Experiment 1

Experiment 2

decrease in the percentage of oil and more
sintering of the cake petals was observed.
At different heating temperatures of the
press extruder body, the temperature of the
oil at the outlet of the extruder was fixed at
87-100°C.

\

=h—120-125°C
130-135°C

—m—140-145°C

Experiment 3

Figure 7. Dependence of the yield of fallout (small cake particles) of rapeseed oil through
the slits in the zeer section at different temperatures of heating the housings

Source: developed by the authors

It should be noted that the percentage of
oilcake shedding decreased with a decrease in
the size of the gap (experiment 2 and experi-
ment 3), and there is a general tendency to its
decrease with an increase in the temperature
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of heating the shells. Thus, considering the ob-
tained indicators of oil yield, for further opera-
tion and further research, the value of the gaps
of the zeer cameras that was adopted in Exper-
iment 2 will be selected.
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In the work of C. Cravotto et al. (2023) fo-
cuses on the advantages of the modular design
of twin-screw extruders. An improved design
of a twin-screw extruder is described and pro-
posed as an innovative process for oil extrac-
tion with a combination of extraction process.
Modified twin-screw extrusion processes with
solvent injection pumps were evaluated. The
solvents tested included water, phosphoric
acid-acidified alcohols, and fatty acid methyl
esters (FAME). Among them, FAME proved to
be the most effective extraction solvent, recov-
ering up to 98% of the total oil (based on the
residual oil content of the meal). Because two
separate filtration modules (zeer cameras) can
be separated to produce a first filtrate consist-
ing of the pressed oil from the pressing stage
and a second filtrate after the solvent extrac-
tion stage. These combined processes have
great industrial potential due to their efficiency
and flexibility. However, the analysed papers on
twin-screw extruders did not reveal any studies
like ours. The work of M. Ionescu et al. (2015), in
which the quantitative distribution of oil along
the zeer camera was studied during oil extru-
sion on a single-screw press of low capacity.

In the work of W. Li et al. (2007), the authors
noted the disadvantages of single-screw press-
es for pressing rapeseed oil, and a double-screw
press was developed to implement cold pressing
of peeled rapeseed seeds with double low hull-
ing. Multistage compression was used in the
pressing chamber, and the geometrical param-
eters of the path ensured a relatively thin lay-
er of oil-containing material during pressing.
The total theoretical compression ratio of the
twin-screw press was 23.0, and the ratio of the
length to the diameter of the pressing chamber
was 11.5, with the pressing time extended to
180 s. The oil content of the cold-pressed cake
from the cleaned rapeseed was about 15%. The
cold pressed cake was obtained at a tempera-
ture below 70°C, which met the requirements
of the cold pressing process. Two screws rotat-
ed in different directions, and the zeer corps

was of the sieve type with longitudinal holes.
The press capacity was 45 tonnes per day.

The advantages of the modular design of
twin-screw extruders allow for the arrangement
of the zeer cameras in several ways: placed al-
ternately behind the heating chambers, or one
after the other at the end. Therefore, in further
studies, it is advisable to conduct additional ex-
periments by mounting the zeer sections one af-
ter the other at the end of the body, while inves-
tigating the quality and percentage of oil yield.

Conclusions
The study obtained new scientific results that
expand the understanding of the regularities
of the process of oil squeezing in twin-screw
press extruders through the gaps of the zeer
camera at different sizes. The studies experi-
mentally confirmed that the oil yield depends
on the temperature in the working area of the
press extruder and the size of the gap in the
zeer camera. In experiment 1, with a gap in the
zeer camera of 0.4 mm and an increase in the
heating temperature of the extruder body from
120 to 135°C, an increase in 0il yield from 29.6
to 30.2% was recorded. And with further heat-
ing to 145°C, the oil yield decreased to 32.5%.
In experiment 2, with a gap in the zeer cameras
of 0.4 mm and then 0.2 mm, with an increase in
the heating temperature of the extruder body
from 120 to 135°C, an increase in oil yield of
2.1% was recorded. In experiment 3 (with fur-
ther heating to 145°C), a slight decrease in oil
yield by 0.1-0.3% was recorded. At the same
time, the percentage of oilcake shattering with
a decrease in the size of the gap of the zeer
cameras from 0.4 mm to 0.2 mm decreased
from a maximum of 7.6% to 5.7%, i.e. by 2.2%.
Thus, the general nature of the change in the
size of the outlet gap in the zeer sections af-
fects the oil yield and the percentage of oil cake
shattering. However, these parameters should
be considered in conjunction with other design
parameters of the press extruder to investigate
the energy consumption of the oil extraction
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process. In twin-screw press extruders with a
capacity of 100 kg/h or more, it is more appro-
priate to use a sieve type of zeer corps. Among
the many patents for twin-screw press extrud-
ers, there are often structurally complex zeer
cameras (with many parts and combined with
heating elements), which significantly increase
the complexity of manufacturing and mainte-
nance of the structure, and, accordingly, the fi-
nal cost of the product. Therefore, such factors
as ease of maintenance, quick replacement of

be promising in clarifying the percentage of oil
squeezed out of each individual zeer section.
And also, given the modular design of the press
extruder body sections, it was concluded that
in further research it is also possible to mount
the zeer sections one after the other at the end
of the body, while examining the quality and
percentage of oil yield. Overall, the twin-screw
press extruders have achieved significant im-
provements in oil yield and quality.

worn parts, and the cost of zeer sections during Acknowledgements
the operation of twin-screw press extruders are  None.
crucial for choosing its design scheme.
Based on the results of this study and the Conflict of Interest
analysis of similar works, further research will ~ None.
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AHoTaIis. AKTYaTbHICTb AOCTIIKEHHS 3yMOBJIEHA TPO6IEMOIO0, SIKA XapaKTepHa AJIs1 Pi3HUX BULIB
KOHCTPYKIIilt 3e€epHMX KOPITYCiB ITHEKOBUX IPECiB, @ cCaMe BU3HAUEHHS ONTUMAIbHOTO 3230y AJISt
BMXOMY OJIii, 1[0 Ma€ MPAKTUYHY i EKOHOMIUHY JOIIIbHICTb. Y 3B'SI3KY 3 UM JaHe JOCTiKEHHS
CIIpSIMOBAaHe Ha aHasli3 iCHYIOUMX TUIIIB KOHCTPYKIi/i 3e€pHMUX KOPIIYCiB, BUSIBJIEHHS iX IepeBar
i HemoMiKiB 3 MeTOI0 3HAXOMKEHHS METOMiB 0 BIOCKOHAJIEHHS iX KOHCTPYKIlii Ta 36iIbIIeHHS
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Buxopy oiii. [IpoBigHMMM MeTomamu sl BUpIlleHHS Ili€i Mpo6ieMyu € eMIipuuHi MeTOAU
IOCTiIKeHHSI, 10 JO3BOJSIIOTh HA OCHOBi CIIOCTEpPEXeHHSI KOMIUIEKCHO PO3IISIHYTM iCHYyROUi
TUIM KOHCTPYKIIi/i Ta LUISIXOM IOPiBHSIHHSI i eKCIIepMMEHTY 3HaiTu pallioHaJbHUI BapiaHT
PO3B’SI3KY IOCTaB/leHOl 3amaui. B po6oTi mpoaHaaizoBaHO OCOGMMBOCTI TEXHIUHUX 3acO6iB Iis
BifmisieHHs oJii B Mpecax Ta eKCTpyAepax, 06GIPYHTOBAHO MPAKTUUYHICTh iCHYIOUOi KOHCTPYKIIii Ta
BKa3aHO Ha CKIAJHICTb UM MPOCTOTY KOHCTPYKIIiit B HAYKOBIii JiTepaTypi. BusiBlIeHO HEOOXiIHiCTh
JIOMTIOBHEHHS iCHYIOUMX TEPMiHiB 0 pi3HOMaHITHMX KOHCTPYKIIiii 3e€EPHMX KOPIIYCiB, Ta MOK/INBI
IIITXM BAOCKOHAJIEHHS TIPOIECY BifaineHHs oii Ha pi3Hi dpakiiii. [IpoBeeHO eKcrepyMeHTaTbHi
JOCTiTKeHHS 3 HA6OPOM ITiBKOPIIYCiB 3€€PHMX CEKIIiii 3 pisHUMM 3a30paMu. Lle 103BONMUIIO BUSBUTHU
MpU BiATIOBiZHOMY 3MeHIIEHHI 3a30py MEHILIMI BiJCOTOK OCUITKM MaKyxXy uyepe3 3e€pHi CeKIiii.
OTpuMaHO pe3yabTaTu BUXOLY Ofii B 3aJ€XHOCTI Bif, BCTAHOBJIEHOTO 3a30py B HaIliBKOpITycax
LIiIIMHHMX elIeMeHTiB 3e€pHOi KaMepy Bif TeMIiepaTypy HarpiBy KOpIyciB. BusiBieHO 3MeHIIeHHS
Bi[ICOTKY OCUIIKM 3i 3MEHIIIEHHSIM 3a30pY B 3e€pHiii Kamepi. [lociimkeHa KOHCTPYKILis TUITY 3€€PHOL
KaMepy MiATBepan/ia YHiBepCaabHiCTb i MPOCTOTY ii BUKOHAHHSI, L0 IOJIErInye ii 06CTyrOByBaHHS
Ta 3aMiHy. 3 KOKHOI Imepepob61eHOi TOHM HACiHHS, 38 PaXyHOK 36i/IbIIIeHHST KiJIbKOCTi BiITUCHYTO1
onii, BigmoBimHO, 3pocTe i mpubyTOK hepmepa uu MiANpUEMCTBA, SIKi BIOCKOHAJISATH TBOIBMHTOBI
eKCTPYAepH BifperyTioBaBIly 3a30py BKa3aHUM YMHOM

KirouoBi ciioBa: BUPOOHMIITBO OJ1ii; 3e€epHa KaMepa; IBOTBMHTOBMUII ITpec-eKCTpyiep; BUXiJ, oii;
OCMITKa MaKyXu
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Abstract. Modern pork production technology requires more piglets from sows to ensure the
industry's profitability. The physiological reserve of sows' milk production at multiplicity above
14-18 piglets is often insufficient, which requires a constant search for ways to solve the problem
of “hyperfertile sows”. The study aims to investigate the effectiveness of using milk replacers from
different manufacturers in sow nests under conditions of multiple farrowings on the productivity
and behaviour of suckling piglets and sow conditions. The experiment was conducted in 2023,
with 36 sow nests in the farrowing shop and 513 suckling piglets. Nests with a litter of 13 or more
were selected and three groups were formed. In the control group, piglets were raised without
additional feeding with milk replacers. The group II piglets were fed with Alternative Milk Junior
as a source of additional nutrition from 10 days of age until weaning. Piglets of group III received
a Commercial Analogue of milk replacer. Group II was characterised by a higher survival rate —
of 93.03% and, a higher live weight — of 7.84 kg, which led to higher values of average daily
weight gain — 222.47 g. The nests of the II and III experimental groups (consuming milk replacer)
were more aligned, which significantly outperformed the analogues of the control groups by
31.2% and 14.7%. Piglets of group II were in a calmer state and therefore spent the most time
on rest — 60%, in contrast to animals of the control group - 50% and group II - 58%. Additional
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nutrition of piglets in the nests of “hyperfertile sows” reduces the load on sows during lactation
allows to obtain animals in factory condition and reduces the number of unprofitable days. The
practical significance of the experiment is to determine an effective milk replacer as a source of
supplementary nutrition for suckling piglets in the nests of “hyperfertile” sows

Keywords: pigs; technology; suckling period; feed additive; live weight; gain; safety; behaviour;

sow condition

Introduction

The maintenance and feeding of suckling sows
and suckling piglets are the main and most im-
portant technological process in the reproduc-
tion of pig stock in farms of different sizes and
management systems. The issue of increasing
the productivity of these technological groups
of pigs is currently being addressed by breed-
ing and genetic, technological solutions, by
improving feeding technology with the use of
functional feeds, etc. (Baxter et al., 2020). To-
day, scientists and practitioners have made
significant progress in increasing sow fertility.
Nowadays, 14-20 piglets born and 13-18 live
piglets per nest are not uncommon. Howev-
er, this creates new challenges, complicating
animal management (Nicolaisen et al., 2019;
Lykhach et al., 2023).

Milk substitutes in pig production are not
a new concept. Almost every farm has experi-
ence in their use, as there is a demand for this
product because it is necessary to quickly solve
the problem of milk deficiency in sows for var-
ious reasons. And there is no need to look for a
faster way — just dissolve the powder in warm
water. Indeed, in recent years, the use of these
products has become an increasingly tradition-
al practice both on foreign and domestic farms,
when more than 30 piglets are often weaned
from a sow per year. Therefore, these substi-
tutes in the technological process can be used
not permanently, but only when the sow does
not produce enough milk; and as a permanent
element of the structural approach in condi-
tions when sow litters are becoming more and
more fertile (Maximizing the genetic..., 2023).

P.J. Maas et al. (2023), producers are now
able to obtain numerous farrows thanks to sci-
entific advances in genetic companies, modern
and better housing conditions, strong consti-
tution and animal resistance, and improved
feeding technology and management models.
However, the process of increasing sow milk
production is less progressive. Consequently,
with additional piglets in the nest, the amount
of milk consumed by one animal decreases.
This has led to increased attention from pro-
ducers to milk substitutes as a means of solving
this relatively new problem. Given the trend
towards multiple genetics, more and more pork
producers are turning to milk replacers. Such
technological solutions help to minimise the
stress on piglets from moving them between
farrowing units.

G. Yordanova et al. (2021) due to increas-
ing sow fertility, the number of piglets with
low birth weights (0.85-1.05 kg) in the nest is
increasing. Therefore, producers are looking
for ways to preserve and feed weak piglets until
weaning. Milk powder substitutes produced by
the industry need to be dissolved to a consist-
ency of 10-15% to obtain a more liquid solution.
As a rule, one kilogram of liquid milk replacer
has a nutritional value equivalent to 0.5-0.75 kg
of sow milk. Given the high milk consumption
potential of piglets, this concentration does not
slow down their growth and development. The
closer the characteristics of the substitute are
to natural milk, the higher the piglets’ produc-
tivity. However, the price of such a product will
be correspondingly high (Blavi et al., 2021).
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Piglets’ digestive system is more adapted
to digesting dairy products. Therefore, dairy
ingredients such as skimmed milk, whey, but-
termilk, lactose, and their derivatives should
be the quality basis. In addition, a good sub-
stitute should contain easily digestible lipids,
sucrose, possible flavour enhancers, vitamins,
trace elements, organic acids and, if necessary,
the necessary veterinary drugs. Also, vegetable
proteins after the purification procedure (soy
concentrate, potato and pea protein, wheat glu-
ten, etc.) can be used as partial substitutes, but
only in small proportions. They reduce the price
of the product, but also the quality. Lecithin is
commonly used as an emulsifier. Milk replacers
used in the modern technological process con-
tain immunoglobulins, as milk is rich in these
functional proteins that support the health of
suckling piglets. There are three main sources
of immunoglobulins for milk replacers: dried
bovine colostrum (high cost), dried animal plas-
ma (high cost and banned in some countries)
and egg immunoglobulins (for specific diseases
in piglets) (Thomson & Friendship, 2019; Ko-
bek-Kjeldager et al., 2021). Milk replacers that
do not contain immunoglobulins only provide
nutrition for piglets but do not provide protec-
tion. Therefore, such products (milk replacers)
can only compensate for 50% of the functions
of natural sow milk (Return of milk..., 2023).

Thus, genetic improvements can increase
the profits of pig producers, but without proper
management and conditions for rearing sows
and suckling piglets, genetics alone is irrele-
vant. L. Blavi et al. (2021) clearly states that the
use of milk replacers in pig production allows
for reducing the percentage of deaths of weak
piglets under sows (large farrowings in gilts,
problems with lack of milk in sows with mas-
titis-metritis-agalactia syndrome, low birth
weight of piglets, and other problems); in-
crease the number of business piglets per sow
per year due to additionally fed piglets; obtain
weight-even nests at weaning, which is crucial
in industrial pig production, with fluctuations
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in sow milk production; stimulates rapid live
weight gain in piglets from the first weeks,
which is important at early weaning (21-24
days); weak piglets gain maximum weight and
form a stable immune system by introducing
immunoglobulins into the product, as well as
form a complete intestinal microflora by intro-
ducing probiotics.

Thus, the study aimed to investigate the ef-
fectiveness of the use of different milk replacers
in the nests of suckling sows under conditions
of multiple farrowing on productivity, safety
and behavioural indicators of suckling piglets
and sow conditions under industrial technology.

Materials and Methods
As part of the experiment, which took place
in 2023, 36 nests of suckling sows in the far-
rowing room with 513 suckling piglets (breed:
Large White x Landrace x Maxter terminal
line) kept at the farm of the private enterprise
“Victoria” in the Mykolaiv region were stud-
ied. Experimental studies were conducted in
the farrowing shop, where the conditions of
keeping experimental animals complied with
VNTP-APC - 02.05 “Pig enterprises (complex-
es, farms, small farms)” and recommendations
of genetic companies on keeping (2005). Ani-
mals of the experimental groups were kept in
identical premises with boxed separation ac-
cording to the design and set of equipment of
AgroDana LLC (Ukraine). In each group, during
the suckling period, piglets were kept in indi-
vidual pens on a fully lattice floor, measuring
2.4x1.8 m, with the sow fixed in the centre of
the pen. A combination of local heating sources
was used as a source of local heating for the ex-
perimental animals: an infrared incandescent
lamp, an electric heating mat and a brooder
(Tsarenko et al., 2004). The experiment started
from the moment of the farrowing of sows and
ended with the weaning of piglets. The duration
of the suckling period was 28 days. According to
the analysis of the index of fertility of the main
sows in the context of two farrowing cycles, the
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average value of this index was determined —
13.56 goals per farrowing.

Accordingly, sow nests with a litter of 13
or more were selected for the experiment and
three experimental groups were formed ac-
cording to the experimental scheme (Table 1).
In the farrowing shop, sows of all groups were
provided with free-range feeding (except for
farrowing day - 1.0 kg/head) and used com-
pound feed “Lactating sows”. The nutrition-
al value of the diet provided is as follows: per
kilogram of product weight, it contains 163.9 g
of crude protein and provides metabolic ener-
gy in the amount of 2990.4 Kcal. The farrowing

shop used pre-starter feed from Tsekhave LLC,
Ukraine, in the form of pellets from homemade
cows, which was provided from day 7 to day 28.
The nutritional value of this feed is 185.0 g of
crude protein and 325.0 Kcal of metabolic en-
ergy per kilogram. The main diet for lactating
sows in the experimental groups was a com-
pound feed of our production, which included a
protein, mineral and vitamin supplement from
Tsekhave LLC (Ukraine). The composition of
the main diet “Lactating sows” included 40.0%
wheat, 40.0% barley and 20.0% protein, mineral
and vitamin supplement “Tsekhavit Sow Con-
centrate Lactation”.

Table 1. Experimental design for the use of milk substitutes during the suckling period (28 days)

Amount, heads Number of
No. Group piglets at Milk replacer usage conditions Period, days
SOWS piglets  birth, heads
“Lactating sows” feed 0-28
I trol 12 170 14.17 - -
contro pre-starter feed for suckling piglets 7-28
“Lactating sows” feed 0-28
Il experimental 12 172 14.33 pre-starter feed for suckling piglets 7-28
“Alternative Milk Junior” milk 10-28
replacer
“Lactating sows” feed 0-28
Il experimental 12 171 14.25 pre-starter feed for suckling piglets 7-28
' “Commercial Alternative” milk 10-28

replacer

Source: compiled by the author

An algorithm for the preparation and use
of milk replacers in groups of experimental
animals was developed: 1 kg of milk replacer
powder was added to a container for prepara-
tion of 5.5 litres of warm water (45-50°C), then
stirred constantly until completely dissolved.
The mixture was fed immediately after prepa-
ration at a solution temperature of 38-40°C
(piglet body temperature). The temperature of
the mixture was monitored using a thermom-
eter. In the case of atypical reactions from pig-
lets, feeding of the substitute was immediately
stopped and the electrolyte solution was given
for 12-24 hours. When using a milk replacer, all
feeders were washed in warm water with deter-
gent. The piglets had constant access to water.

The dishes from which the milk replacer was
fed were located in the machine near the piglet
drinkers. The frequency of milk replacer feeding
was 6-8 times per day to feed weak and numer-
ous nests. After 15 days of life, the substitute
could be given in the required amount. The milk
replacer was fed to the experimental groups us-
ing a conventional feeder starting from day 5 of
life (Fig. 1). Composition of the product “Alter-
native Milk Junior” (Technical Specifications of
Ukraine 15.7-35756835-001:2011): whey, milk-
fat concentrate, skimmed milk powder, dex-
trose, soy concentrate, wheat gluten, salt, acid-
ifier, lysine, methionine, a mixture of organic
trace elements, vitamin and mineral premix,
probiotic, flavouring, sweetener. Nutritional
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content of Alternative Milk Junior (%) accord-
ing to the manufacturer: crude protein — 21.5;
crude fat — 16; crude fibre up to 0.5; lysine —
1.8; lactose — 40. Vitamin content (IU; mg/kg):

vitamin A - 55,000; vitamin D - 4,500; vita-
min E - 80; vitamin C - 120; vitamin B, - 18; vi-
tamin B, - 23; vitamin B, - 10; vitamin B , - 45;
selenium - 0.3.

Figure 1. Example of feeding a milk replacer
Source: compiled by the author

Ingredients of the Commercial Analogue
milk replacer product: skimmed milk pow-
der, whey, milk and fat concentrate, soya con-
centrate, soya flour, vitamin and mineral mix,
probiotic, flavouring, and antioxidant. Product
nutritional content (%) according to the man-
ufacturer: crude protein — 21; crude fat — 17;
crude fibre 1.0; lysine — 1.7; lactose — 38. Vita-
min content (IU; mg/kg): vitamin A — 55,000,
vitamin D - 4,500; vitamin E - 80; vitamin C —
120; vitamin B, - 16; vitamin B, - 10; vita-
min B, - 8; vitamin B,, - 40; selenium - 0.3.
To ensure optimal microclimate parameters,
ventilation in each farrowing box was provid-
ed by an exhaust axial fan and an aerodynamic
inlet valve, which operated by creating nega-
tive pressure in the room. Manure was removed
from the room using a traditional vacuum and
gravity system. The frequency of emptying the
baths under the slatted floor was 10-14 days.
Sows were fed from nipple drinkers and suck-
ling piglets from cup drinkers were placed 7 cm
above the floor. All veterinary procedures were
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identical in both the experimental and control
groups, according to the scheme adopted on
the farm. The conditions of feeding, watering,
housing, care and prevention of animals in the
experiment were by European legislation on
animal welfare and comfort (Council Directive
91/630/EU, 2008/120/EU, 2008; Council Direc-
tive 98/58/EU, 2008; Council Directive 2010/63/
EU, 2010).

The productive traits of suckling piglets of
these groups (Table 1) were studied by the fol-
lowing traits: number of piglets at birth (heads),
live weight of each piglet at birth and weaning
(28 days) (kg), number of piglets in the nest at
weaning (heads), average daily growth of suck-
ling piglets (g), safety (%) and nest alignment at
weaning (Ibatulin & Zhukorskyi, 2017). The in-
dicator of piglet nest alignment at weaning was
calculated using the formula (Kovalenko, 2009):

NA=0.625xM-(10-P1) x (10-1.875 x P2), (1)

where M — weight of the nest at weaning, kg;
P1 - number of piglets at weaning, heads; P2 -
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number of piglets that lag behind the average
nest weight by 3 kg or more.

The behaviour of suckling piglets was mon-
itored during the study period to determine the
time spent on rest, movement, and feed intake
according to generally accepted methods in pig
production. The condition of sows in different
technological groups was assessed based on
measurements of the thickness of the back fat
at point P2, located 65 mm to the left and down
from the midline of the back at the level of
the head of the last rib. Measurements of rind
thickness were carried out before farrowing and
on the day of weaning using a Renco ultrasound
scanner (Ladyka & Khmelnychiy, 2023). After
the end of the suckling period, the proportion
of sows that entered heat and were inseminated
within 7 days was determined (%). In the exper-
imental groups, the daily consumption of feed
and milk replacer was monitored by the group
and the data were recorded in the experimental
table. Deviations in the health of the animals
and the veterinary care provided to them were
also recorded daily in each group. The date
and reason for the animals’ withdrawal from
the experimental groups and the weight of the

animals that withdrew were recorded. The ob-
tained results of the scientific and economic
experiment were processed according to the
generally accepted methods of variation statis-
tics using computer equipment and application
software packages MS Excel 2000 and Statistica
V. 5.5 (Kramarenko et al., 2019).

Results and Discussion
Improving the breeding qualities of sows is
usually associated with an increase in sow fer-
tility. Today, the achievements of geneticists
and breeders in this area are quite advanced
and average 14-18 gilts per farrowing. The
main aspects of solving the problem of “hy-
perfertile” sows are to preserve the maximum
number of animals before weaning, obtain high
piglet growth energy, and keep the sow in fac-
tory condition and high milk yield. It should be
noted that without the use of milk replacers,
the planned high productivity of modern sow
and suckling pig genotypes cannot be achieved
(Ivanov et al., 2009). The productivity and safe-
ty of suckling piglets depending on the use of
milk replacers in the suckling period are pre-
sented in Table 2.

Table 2. Productivity and safety of suckling pigs, X* S,

Group
Parameter
I control II experimental III experimental
Number of sows, heads 12 12 12
Number of piglets at birth:
total, heads 170 172 171
per sow per farrowing, heads 14.17+0.228 14.33£0.219 14.25+0.232
Nest weight of piglets at birth, kg 16.60+0.269 16.73+0.230 16.85+0.253
Piglet weight at birth, kg 1.17+0.008 1.17+0.008 1.18+0.005
Number of piglets at weaning at 28 days of age, heads ~ 12.33+0.133 13.33+0.251° 12.92£0.260"
Average live weight of one piglet at weaning, kg 6.80%0.076 7.84+0.140™ 7.21+0.187®
Live weight of a nest of piglets at weaning, kg 83.74%0.574  103.89+1.015™  92.12%0.850™"
S‘e’firjiegdaﬂy weight gain of piglets in the suckling ;477919393 2294724536  200.97%5.221°
Piglet safety, % 87.49+1.030 93.03+1.088™ 90.54%0.762"
Nest alignment at weaning, points 67.86%1.305 89.20+1.790 77.84+1.329

Note: * - p<0.05; ** - p<0.01; *** - p<0.001 (compared to animals of the control group - group I); a - p<0.05;

b - p<0.01; c - p<0.001 (compared to animals of experimental group III with analogues of experimental

group II) nests at weaning, points
Source: compiled by the author
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The formed experimental and control
groups were similar when they were set up for
the experiment. Changes in the number of pig-
lets at weaning were noted in the nests of sows
whose fertility exceeded the average for the
herd in the control and experimental groups
when using milk replacer in the technology of
growing suckling piglets starting from 5 days
of life, according to the methodological recom-
mendations. The number of piglets at weaning
in the nests of the sows of the II experimental
group (treated with the “Alternative Milk Jun-
ior”) was 13.33, which is 8.1% higher than the
control (p <0.001) and 3.2% higher than the
analogues of the III experimental group (treat-
ed with the “Commercial Analogue”) (p <0.05).
Accordingly, the growing conditions, the pres-
ence of additional factors of feeding piglets
of the experimental groups along with the
basic technology influenced the piglet surviv-
al rate, which was higher in the nests of sows
using milk replacers, so in group II 93.03% of
piglets were preserved, in group III — 90.54%,
which is higher than in the control group by
5.54 and 3.05% (p <0.01), respectively. Similar
experimental data were obtained by researchers
L. Brossard et al. (2017), who found that the use
of additional sources of piglet nutrition makes
it possible to increase the safety performance
by 0.8-1.5% on average per farrowing cycle. The
presented recommendations allow for saving
high-cost feed and investments in the industry
at the level of 5-12% over the period of the full
production cycle.

As such, the weight of piglets at weaning
(28 days) can reach 9-10 kg. In reality, not all
farms can reach 7-7.5 kg. Although the genetic
potential has not yet been fully realised, the re-
sults have improved thanks to quality manage-
ment in the farrowing house. The live weight of
piglets at weaning is one of the main produc-
tion indicators on a pig farm. The higher the
piglets’ weaning weight, the faster the pigs will
reach a slaughter weight of 110 kg. It is neces-
sary to use the high growth energy of piglets at
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the initial stages of development as efficiently
as possible in order not to lose their early ma-
turity potential, the previous studies conducted
by P. Nevrkla et al. (2017) are consistent with
the data obtained in the current study, name-
ly, increased birth weight led to an increase in
daily body weight gain from birth to weaning
(28 days), as well as from birth to slaughter by
10-18% (p < 0.05, p < 0.01). High daily weight
gain (250 g; 685; 998 g) allowed pigs to reach
slaughter weight a month earlier and obtain a
higher yield of lean meat (52.74+2.82%).

The use of milk replacers from different
manufacturers in both cases had a positive ef-
fect on the development and growth of piglet
s, namely, gilts of group II had a higher wean-
ing weight of 7.84 kg, which was 15.3% high-
er than the control (p <0.001). Animals of the
same group, when using the product of the
animal feeding supplement “Alternative Milk
Junior”, in contrast to the product “Commer-
cial Analogue”, exceeded the peers of the third
group by 8.04% (p <0.01). An increase in the
number of piglets in the nests of the II and III
experimental groups and their live weight at
the time of weaning led to higher values of the
weight of the piglet nest at weaning. The high-
est value of this indicator was characterised
by the representatives of the II experimental
group — 103.89 kg, which significantly exceed-
ed the analogues of the control group and the
I1I experimental group by 20.15 and 11.77 kg
(p <0.001), respectively. Similar studies were
obtained by S. Sugiharto et al. (2015) on suck-
ling piglets as a result of feeding milk replac-
ers. Namely, in piglet nests where cow whey
was additionally used, an increase in piglet
live weight at weaning at the age of 28 days
by 0.36-1.12 kg (p < 0.01), nest weight by 12-
16% (p <0.05), and safety at the time of wean-
ing from the sow within 1.1-2.3% was noted.
In piglets of the experimental groups receiving
high-quality milk replacers during the suck-
ling period, 6% fewer cases of gastrointestinal
diseases were observed.




Reznichenko & Lykhach

81

When many piglets are born (more than
13-14 piglets), the proper growth and develop-
ment of the piglets are hampered. The sow does
not have enough milk in her body, especially at
the end of the lactation period when the pig-
let’s nutritional needs increase significantly. If
certain technological measures are not taken,
the weight of the piglets will be significantly
reduced when they are weaned. In such groups,
there will be smaller piglets that lack the nutri-
ents necessary for normal growth and develop-
ment. Stunted piglets often do not achieve max-
imum productivity and often do not survive in
the competitive feed environment of pig farms.
Our research is consistent with the experimen-
tal data of E. Ambroziak and A. Rekiel (2017),
who noted that the live weight of piglets at
birth correlates with the subsequent growth en-
ergy of gilts. Thus, the correlation coefficients
for piglets of groups I (the lightest at birth) and
IV (the heaviest at birth) were found to confirm
the relationship between birth weight and body
weight on the 7" (p <0.01), 21t (p<0.01) and
56t day of age (p<0.05), with a tendency to de-
crease the calculated relationships. In addition,
in group I, piglet weight at birth correlated with
daily weight gain from day 1 to day 7 (r=+0.365,
p<0.01) and from day 1 to day 56 (r=+0.291,
p <0.05). With an increase in the average live
weight at birth, the safety of piglets increased
and was higher in group IV compared to group
I by 13.64%. Birth weight >1.60 kg provided the
best growth rate and piglet survival. Thus, the
position of scientists is unanimous regarding
the need to support piglets in the suckling pe-
riod with additional sources of nutrition (milk
replacers), because in their absence, young an-
imals are not able to achieve high and standard
performance indicators.

Additional support for suckling piglets in
the form of milk replacers in their diet from 14
days of age in combination with the basic tech-
nology significantly increased the average daily
weight gain of young animals before weaning.
The use of the milk replacer “Alternative Milk

Junior” and its innovative composition made it
possible to obtain a higher average daily weight
gain of piglets at weaning at 28 days (group
IT) — 222.47 g, which exceeded the indicator of
the control group (I) by 34.75 g (p <0.001), and
the commercial analogue (group III) by 21.5 g
(p <0.01). G. Yordanova et al. (2021), based on
the results of a study on the development of
piglets using different milk replacers in the
suckling period and during rearing, found sig-
nificant differences in the control and experi-
mental groups. The highest average daily weight
gain for the period up to 21 days was in pigs of
group II, which is higher compared to group I
(by 21.88%, p <0.05) and group III (by 28.64%,
p < 0.01). Regarding the average daily weight
gain at 28 days (at weaning), significant differ-
ences between the control and the experiment
were proved. The piglets of the second group
with the addition of a special milk replacer had
a higher growth of 6.04-12.94% (p <0.05). The
results obtained are consistent with our data
from the scientific and economic experiments.

A special requirement of industrial pork
production technology is to obtain levelled
nests at weaning because piglets with signifi-
cantly different live weights from the average
nest size will be worse fed and pay for feed in
increments during further rearing (Tsarenko et
al.,2004).1t was found that the nests of piglets of
the II and III experimental groups (consuming
milk replacer) were more aligned at weaning at
28 days, which significantly outperformed the
analogues of the control group (basic technol-
ogy without the use of DM) by 31.2% (p<0.001)
and 14.7% (p <0.001), respectively. In the con-
trol group, where piglets did not receive addi-
tional nutrition in the form of milk replacers, a
greater number of piglets lagging in growth was
observed because, after 18-21 days, sow milk
production and pre-starter feeding did not fully
meet the growing need for nutrients in young
animals. In the context of experimental groups,
it was noted that the young animals receiv-
ing the milk replacer ZSZM “Alternative Milk
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Junior” (experimental group II) were more
aligned — 89.2%, which is higher than the co-
efficient of nest alignment at weaning of ana-
logues of group 111 by 12.7% (p<0.001).

During the experiment, the behaviour of
suckling piglets was monitored. The piglets
of the II experimental group spent more time
on feed intake in the total observation pe-
riod - 14%. At the same time, animals of the
control group spent 12-15% more time mov-
ing compared to their counterparts of the II
and III experimental groups, respectively. The
time spent on rest by piglets of the control and
experimental groups was also different. It was
found that the piglets of the II experimental
group were in a calmer state and therefore
spent the most time on rest — 60%, in con-
trast to the animals of the control group - 50%
and the II experimental group - 58%. A. Mid-
delkoop et al. (2019) revealed a greater behav-
ioural response of piglets to different feeding
combinations and, as a result, an increase in
the time spent on feeding. Increased feeding
behaviour significantly influenced the increase
in growth performance of experimental piglets,
namely an increase in average daily weight gain
by 12-28 g, and a 2.5% increase in survival rate.
The presence of several types of feed elements
of different physical conditions (liquid milk
replacer, pre-starter in the form of a granule

with a diameter of 1.5-2 mm) in the farrowing
machine, which were fed from feeders of dif-
ferent designs, provoked a significant increase
in play and feeding behaviour in experimental
pigs by 15-23%, and a decrease in aggression
(cannibalism) by 18%. Increased feed intake by
piglets during the suckling period had a posi-
tive effect on further high-fattening qualities
of young pigs.

The profitability of this type of production
is ensured by reducing unprofitable days in
the technological process of the pig industry.
Therefore, getting the sow into heat as soon as
possible after weaning is crucial, as the main
goal is to produce the maximum number of
piglets per year. The degree of sow fatness at
the end of the suckling period has a significant
impact on this. After all, emaciated or thin ani-
mals give birth to a few piglets, while obese an-
imals do not become pregnant, and if they do,
they give birth to weak, non-viable offspring
(Lykhach et al., 2023). The thickness of the fat
is an indicator of the sow’s body reserves dur-
ing critical periods (insemination, farrowing,
weaning), the less fat she has, the less reserves
she has. Sows of the experimental groups at
farrowing were similar in fat thickness, the val-
ue of this indicator was in the range of 18.92-
19.08 mm (Table 3), which corresponds to the
normative values.

Table 3. Sow fat thickness, (n=12), X*S,

Normative

Group

Indi I f slici
ndicator ‘;ﬁilclﬁlfesss’lg:f I control II experimental III experimental
Thickness of farrowing fat, mm 16-20 18.92+0.136 19.08+0.162 19.00%0.230

Thickness of farrowing fat at v
weaning (28 days), mm 14-16 13.00+0.289  16.00+0.230 14.58+0.253

Farrowing fat thickness loss rerg
during lactation, mm 2-4 5.92+0.281 3.08+0.136 4.42+0.295

Note: * - p<0.05; ** - p<0.01; *** - p<0.001 (compared to animals of the control group - group I); a - p<0.05;

b - p<0.01; c - p<0.001 (compared to animals of experimental group III with analogues of experimental

group II) nests at weaning, points
Source: compiled by the author

In numerous nests of the control group I,
along with low piglet productivity (Table 2),
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a significant decrease in the thickness of the
sow’s rind during the suckling period was noted.
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Thus, at the time of weaning, the rind thickness
of sows of group I was 13.0 mm and the animals
were characterised by the highest loss of rind
thickness during lactation — 5.92 mm. Feeding
piglets with milk replacers during the period
of their intensive growth made it possible to
reduce the load on sows and get them in good
condition at the time of weaning, as evidenced
by the rind thickness of animals of group II —
16.00 mm and group III - 14.58 mm, which is
3 mm and 1.58 mm (p < 0.001) higher than the
control, respectively. The loss of subcutaneous
fat thickness during lactation in the exper-
imental groups was lower and was within the
normative range of 3.08-4.42 mm, which is con-
sistent with studies of C. Farmer et al. (2017),
which confirms the influence of sow condition
in different physiological periods on their re-
productive traits.

Experimental sows that had a rind thick-
ness of 19.5-20.5 mm before farrowing, accord-
ing to scientists, had a higher conditional milk
yield by 15% and, significantly higher average
daily weight gain of young animals by 10.2-
16.4% (p <0.01). Sows that had lower losses of
rind thickness during lactation, within 3-5 mm,
showed higher reproductive performance in
subsequent productive cycles. The study of
the duration of oestrus and the onset of com-
plete fertilisation after weaning in sows of the
II experimental group showed that in sows of
this group, signs of oestrus were manifested
faster, on a larger scale and more clearly. Sows
came into a state of heat after weaning with-
in 4.58 days, which was faster than in the con-
trol and III experimental groups by 3.67 and
0.84 days (p<0.05), respectively.

Summing up the results of the scientific
and economic experiment, it is worth noting
that even sows with normal lactation according
to the standard may not have enough function-
al teats for all piglets in the nest due to injury,
disease, etc. Therefore, the best way to support
sows during low lactation is to transplant and
equalise the number of nests. However, this is

not always possible, either because the number
of suckling sows is too low, or the piglets are too
old to be transferred. In such cases, the com-
petition for milk between piglets is intense and
growth and survival rates decline rapidly unless
additional sources of nutrition are provided.
For this reason, milk replacer has proven to be
the best solution, especially for young piglets.

Conclusions

Based on the scientific and economic experi-
ment conducted in the conditions of a pork pro-
duction enterprise using intensive technolo-
gies, it was found that in numerous piglet nests
(multiplicity above 14 heads) the use of milk re-
placers as an additional element of suckling pig-
lets’ nutrition is practically expedient and even
mandatory. In the second experimental group,
where milk replacer was used to feed suckling
piglets, the number of piglets at weaning was
8.1% (p<0.001) higher than in the control group
and 3.2% (p < 0.05) higher than in the experi-
mental group III. This, accordingly, affected the
piglet survival rate, which was higher in sows’
nests when using milk replacers, so in group II
93.03% of piglets were preserved, in group III —
90.54%, which is higher than in the control
group by 5.54 and 3.05% (p<0.01), respectively.

The use of a milk replacer in the technolog-
ical scheme for growing piglets of group II re-
sulted in higher average daily weaning weights
of 222.47 g at 28 days, which is 34.75 g high-
er than in the control group (I) (p <0.001) and
21.5 g higher than in the commercial analogue
(group III) (p<0.01). Aligned nests of piglets at
weaning are the key to high growth energy dur-
ing fattening. It was established that the nests
of the II and III experimental groups (consum-
ing milk replacer) were more aligned, which sig-
nificantly exceeded the analogues of the control
groups by 31.2% (p<0.001) and 14.7% (p<0.001),
respectively. In comparison of the experimen-
tal groups, it was noted that the indicators of
group II were more equalised — 89.2% and ex-
ceeded those of group III by 12.7% (p < 0.001).
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A sufficiently high level of influence on
the feeding behaviour of suckling piglets was
proved by additional feeding with milk replac-
ers. Piglets of the II experimental group were
found to be in a calmer state and therefore
spent the most time on rest — 60%, in con-
trast to animals of the control group - 50%
and the II experimental group - 58%. Addi-
tional feeding of piglets with milk replacers
during the period of their intensive growth
made it possible to reduce the load on sows

spectively. The appropriate condition of sows
contributed to a faster coming into heat after
weaning and, as a result, a decrease in the du-
ration of the idle period. Prospects for further
experiments are to study the effectiveness of
the use of milk replacers in the technological
processes of growing suckling piglets and their
effect on productivity, behaviour and microbi-
ocenosis and morphometry of the intestinal
epithelium.

and get them in good condition at the time Acknowledgements
of weaning, as evidenced by the thickness of = None.
the rind in animals of group II — 16.00 mm
and group III - 14.58 mm, which is 3 mm and Conflict of Interest
1.58 mm (p<0.001) higher than the control,re-  None.
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AHoranisg. CyyacHa TEXHOJIOTiSI BUPOOHMIITBA CBUHMHM Ijid 3ab6e3reueHHsT TPUOGYTKOBOCTI
rajaysi BUMara€ OTpUMMAaHHS BiJl CBMHOMATOK Gi/bIoi KilbKOCTi mopocsT. Dizionoriunuii peseps
MOJIOUHOCTi CBMHOMATOK TPy 6araTOILIiMHOCTI BuIie 3a 14-18 mopocsT yacTo 6yBae HeMOCTATHIM,
IO BMMAra€ IIOCTiHOTO TIOUIYKY LUISXiB BUPIlIeHHS MpPOO6IeMIU «TillepIUTifHUX MAaTOK».
Mera [ocrmify mossiraga y BUBUYeHHi eeKTMBHOCTI BMKOPMCTaHHSI 3aMiHHMKIB MOJOKa Pi3HUX
BUPOOHUKIB y THi3ax CBMHOMATOK 32 YMOBM 06araTOuMceNbHMUX OIMOPOCIB Ha MPOSYKTUBHICTh
Ta TOKA3HMKM TOBEHiHKM MOPOCAT-CUCYHIB i KOHAMINI cBMHOMAaTOK. Hdocmim mpoxommB y 2023
polii, 6y/10 JOCTiAKeHO 36 THi3A CBMHOMATOK B 1IeXy Ormopocy i 513 romiB mopocsat-cucyHiB. Bymu
BifibpaHi rHi3ma 3 npuriomoM 13 rois i 6ibie Ta choOpMOBAaHO TPU IPyIi. B KOHTPOIbHIN TpyTIi
MOpOoCSITa BUPOIIYBaIMUCSI 6e3 MOAATKOBOI MiAromiBii 3aMiHHMKamMu Mosioka. IlpemcraBHMKM 11
rpymu mounHaioun 3 10 mo6u KUTTS i A0 BifyTyueHHsT OTPMMYBaIM B SIKOCTI kKepesia JoAaTKOBOTO
>kuBieHHST 3M «AnbrepHaTtuBa Mink-IOHiop». ITopocsita III rpynu orpumyBanu «KomepiiiiitHuit
aHaJIor» 3aMiHHMKa MoJioKa. Il rpyma Big3Havamacst 6ibIIMM MoKa3HMKOM 36epeskeHocTi — 93,03%,
BUILIOIO JKMBOK Maco — 7,84 Kr, 1110 00YyMOBMJIO i BUIIIi 3HAUEHHST cepeaHboI060BMX MTPUPOCTIB —
222,47 r. Binbi BupiBHsIHMMM 6ysu THi3Aa 11 Ta I goctigHuX rpyTn (CITOSKMBAIM 3aMiHHUK MOJIOKA),
SIKi BipOTiHO TIepeBakaJlM aHAJIOTiB KOHTPOJAbHOI rpynu Ha 31,2% Ta 14,7%. IopocsTa II rpynu
nepe6yBajy B GiTbII CIIOKiTHOMY CTaHi, a TOMY Ha BilTOYMHOK BUTpayaIy yacy HaiibinbIire — 60%,
Ha BiAMIiHY BiZ TBapMH KOHTPONbHOI rpymu — 50% i II rpynu — 58%. lomaTkoBe >KMBIEHHS IIOPOCSIT
y THi3Jax «TiNeprulifHUX MaTOK» 3HMKYE HAaBaHTaKEHHS Ha CBMHOMATOK Y Iepiof JjaKTauil i
JTO3BOJISIE OTPMMATU TBapUH Y 3aBOJCHKiil KOHMIIIT Ta 3MEHIIUTU KiJIbKiCTb HE TPUOYTKOBUX JHIB.
[TpakTMYHe 3HAUEHHS JOCTiY MOoJsiTae y BU3HaueHHi eheKTUBHOTO 3aMiHHMKA MOJIOKA SIK Kepesa
JIOAATKOBOTO SKMBJIEHHS ITOPOCSIT-CUCYHIB Y THi3[IaX «TileprutigHMUX» CBMHOMATOK

KiI104oBi cj10Ba: CBIMHI; TEXHOJIOTIsS ; MiACUCHMIT IIepiof; KopMOBa J06aBKa; JKi1Ba Maca; IIpupicT;
36epekeHiCTh; MOBeiHKa; KOHIMIIiS CBUHOMATKM
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Abstract. The demand among the population for protein products, which are essential for a
healthy diet, is a pressing issue today, which constantly requires scientists and manufacturers
to search for alternative protein analogues. That is why the aim of the research was to study the
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and development of the body. In the experiment, the duration of pregnancy in pregnant females
was determined; the average number of rats born per female of the respective group; the weight
of females before pregnancy; the weight of females on the 7%, 14th and 21% day of pregnancy. The
postnatal development of rats of the control and experimental groups was compared. In newborn
rats, the following were determined: age of ear drum detachment; craniocaudal size at birth;
craniocaudal size on the 5™ day; age of hair coat appearance; age of eye-opening; weight of rats at
birth; weight of rats on the 7%, 14th and 30% day of life. The results obtained indicate that there is
no negative effect of the vegetable semifinished product using soya-wheat texture and meat cutlet
on the reproductive functions of rats and the development of offspring. During the experiment,
female rats showed no signs of toxicosis, visible pregnancy disorders, or physiological disorders.
During the dynamic observation of the weight of experimental females in all experimental
groups, no decrease in weight gain was recorded compared to control animals. The weight and
postnatal dimensions of newborn rats of the experimental groups did not differ from those of
the control. For the first time in laboratory animals, based on an integrated approach using
modern research methods, the effect of long-term consumption of food based on semifinished
products from soy-wheat texture and meat cutlets on the reproductive functions of rats and the
development of offspring was studied, which is of practical value in the context of the health
of females and offspring of mammals under the influence of an alternative nutritional factor

Keywords: polymorphism; restriction; electrophoresis; allele; amplification

Introduction

The normal course of energy metabolism at the
molecular level results in the dynamic interac-
tion of catabolism and anabolism. With food,
a person receives macro- and microelements,
substances necessary for the synthesis of or-
ganic compounds that act as regulators and
biological catalysts, such as hormones and en-
zymes. To perform these functions, in different
conditions and at different stages of the body’s
life, nutrients of the appropriate quality and
quantity are required. Hence, the main require-
ment for a rational diet is that the quantity and
quality of food meet the needs of the body. Fail-
ure to meet this requirement leads to various
diseases and nutritional inadequacies, stunted
growth, physiological and mental development
(Sautchuk & Eliseev, 2022).

The growing demand among the population
for meat (protein) products, which are essential
for a healthy diet, constantly requires scientists
and manufacturers to search for alternative
protein analogues, which is actively pursued

Animal Science and Food Technology. 2023. Vol. 14, No. 4

in their research activities by S. Smetana et al.
(2021) and L. Bal-Prylypko et al. (2022). Recent-
ly, there has been a significant expansion of
the market for “artificial” meat of plant origin,
which is increasingly used by consumers around
the world and in Ukraine (Bakhsh et al., 2022).
According to O. Huk (2022), the plant-based
meat industry is expected to reach USD 20.7 bil-
lion with a total annual growth rate of about
8.6 % and by 2040 could account for up to 60
% of the global meat market, while meat, poul-
try, and seafood production will amount to USD
7.3 trillion. Meat analogues are defined as food
products that mimic traditional meat products
in terms of consistency, organoleptic, aesthetic,
and chemical characteristics. Meat substitutes
include many products that are not necessarily
based only on plant material, but may contain
animal protein, milk, eggs, fish, or insect com-
ponents (Yang et al., 2023). There is a diverse
range of vegetable meat analogues that is con-
stantly being improved and is widely available
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in grocery chains in the form of cutlets, burgers,
fillets, minced meat and nuggets. Plant-based
proteins derived from wheat, lentils, soybeans,
peas, and beans are widely consumed by differ-
ent population groups around the world and are
one of the key structure-forming and nutrition-
al components in meat analogues (Kyriakopou-
lou et al., 2021).

According to the existing paradigm of re-
cent decades, animal proteins have been con-
sidered the main dietary source of protein, but
changing food consumption patterns and cul-
ture among the world’s population has led to the
significant use of plant proteins and, as a result,
its production has increased dramatically in the
agricultural and food industries. There has also
been a long-standing and justified debate about
the health benefits of eating plant-based foods
as opposed to meat products, but the research
is heterogeneous and, in many cases, highly
controversial (O’Keefe et al., 2022). Scientific
review by L.P. Penkert et al. (2021) generally
suggests that meat is a source of high-quality
protein, but its amino acid composition is very
different from plant protein, which affects liver
metabolism. On the one hand, the consumption
of plant-based foods is generally considered
healthy and modern, but studies by A. Kaleda et
al. (2021) confirmed that most plant-based pro-
teins, which come from legumes and grains, are
lower in fat and protein compared to meat prod-
ucts. The macro- and micro-nutrient composi-
tion of meat analogue products often coincides
with that of traditional meat products, but the
research by S.R. Hertzler et al. (2020) studying
the amino acid composition of plant proteins
provides insight into the low content of lysine,
cysteine and methionine in meat substitutes.

In arguing for the benefits of a plant-based
diet, ].F. O’Keefe et al. (2022) highlight the neg-
ative impact on human health of high meat
consumption, especially red and processed
meat, and link excessive meat consumption to
higher rates of coronary heart disease, type 2
diabetes, and certain gastrointestinal cancers.

In addition to quality indicators, products must
be safe and provide the body with a full range
of nutrients and have a positive impact on its
development and vitality.

The study aimed to investigate the impact
of long-term consumption of plant-based and
meat-based food on reproductive function, pre-
and postnatal development of offspring.

The main objectives of the study were:

1. To systematically summarize scientific
data on the impact of semifinished products
made from vegetable and meat raw materials
on the body.

2. To simulate and perform an experiment
during normal pregnancy in white rats with
consumption of semifinished products from
vegetable and meat raw materials.

3. To conduct a meta-analysis to assess
the total effect of semifinished products from
vegetable and meat raw materials on the body
weight of pregnant females, the weight of rats
at birth, the weight of rats on the 7™, 14" and
30t days of life, the general physical develop-
ment of offspring, the rate of appearance of ba-
sic sensory and motor reflexes during the feed-
ing period, emotional and motor behaviour, the
appearance of hair and eye-opening.

Materials and Methods
To systematically summarize scientific data
on the effects of semifinished products made
from vegetable and meat raw materials on the
body, experiments were conducted using the
method of group analogues at the vivarium of
the National University of Life and Environ-
mental Sciences of Ukraine on 30 pregnant fe-
male white laboratory rats aged six to twelve
months and their offspring (30 rats). The exper-
imental animals were housed in a room with a
controlled temperature (20-23°C) and humid-
ity (approximately 50%) according to a 12:12
light:dark schedule. To facilitate the measure-
ment of food intake, rats were housed in indi-
vidual suspended stainless steel mesh cages.
The food was pre-weighed (in grams) and fed
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into the cages to the animals. After 24 hours, the
rats were briefly removed from the cages and
weighed, and the amount of food remaining at
the bottom of the cages or poured onto plastic
sheets placed under each cage was recorded and
the weight of the food consumed was calculated.
The animals were cared for in vivarium condi-
tions in accordance with the regulations: “Eu-
ropean Convention for the Protection of Verte-
brate Animals Used for Experimental and Other
Scientific Purposes” (1986), as well as Law of
Ukraine No. 3447-IV “On the Protection of An-
imals from Cruel Treatment” (2006, February).

The animals were divided into the follow-
ing groups:

GroupI-animalsofthe control group,which
received drinking water and commercial stand-
ard food (18 % protein) in the form of dry gran-
ular feed containing all the substances neces-
sary for normal life throughout the experiment.

Group II - rats of the experimental group
received frozen chopped meat cutlets and
drinking water. The nutritional value per 100 g
of product was: energy value - 264 kcal, pro-
teins — 22.4 g, fats — 19.0 g, of which saturated
fats — 18.7 g, carbohydrates — 0.8 g, salt — 0.63 g.
After defrosting, the semifinished product
was cooked in a frying pan over high heat for
4-5 minutes on each side.

Group III - animals of the experimental
group received quick-frozen vegetable semifin-
ished products using soya-wheat texture and
drinking water. Their nutritional value per 100 g
of product was: energy value —159.50 kcal, pro-
teins — 14.77 g, fats — 11.76 g, carbohydrates —
5.10 g, salt — 1.52 g. After defrosting, the sem-
ifinished product was cooked in a frying pan
over high heat for 4-5 minutes on each side.

Animals began receiving the specified feed
2 weeks before pregnancy, during pregnancy
and one month after the birth of the offspring.
The weight of pregnant and newborn rats was
determined using electronic scales ACOM JW
(Germany) with an accuracy of 0.01 g. In the
experiment, the following parameters were
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determined in pregnant females: duration of
pregnancy, days; average number of rats born
per female of this group, pcs; weight of females
before pregnancy, g; weight of females on the
7, 14 and 21% day of pregnancy, g.

Statistical data processing was performed
using a package of applied statistical comput-
er programs — MS Excel 2016 and SPSS-17. The
mean values between the three groups of rats
were compared by one-factor analysis of vari-
ance (ANOVA) followed by the Bonferroni post
hoc test. Comparison of the frequencies of dis-
tribution of various parameters in subgroups
was performed using the Pearson’s test. The
value of p < 0.05 was considered significant.
The approaches of observation, comparison,
analysis, and generalization of data were used
to conduct general scientific research. Obser-
vation included recording important indicators
that characterize the nature of ontogenesis.
The methods of comparison and analysis were
used to record the results that were in the array
of data obtained. The approach of generaliza-
tion was used to describe the research results,
their logical and consistent presentation, and
to formulate the author’s conclusions.

Results and Discussion
During the experiment, pregnant females of
all groups showed no signs of toxicosis, visi-
ble disorders of pregnancy and physiological
functions. The duration of pregnancy in group
3 was the highest — 22.5 days, which is 5.8%
more than in group 2 and 1.3% more than in
the control. In general, there was no statisti-
cal difference between the groups in terms of
pregnancy duration. In a pairwise comparison
between the groups, no significant difference
was found (Table 1). The average number of
rats born from females of each group was al-
most the same between the groups. The differ-
ence ranged from 0.2 to 0.4 (p=0.716). There
was no statistically significant difference be-
tween the comparison groups when analys-
ing the weight of females during pregnancy
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(Table 1). The weight of females before preg-
nancy and on the 7™ day of pregnancy was the
highest in the group, where semifinished prod-
ucts from soya-wheat texture were consumed.
On the 7™ day of pregnancy, the difference was
0.7 % compared to the group that consumed

meat cutlets and the control group. From the
14" day of pregnancy until the end of the ex-
periment, females of the control group had
the highest weight. The difference in weight
of females on the 21% day of pregnancy ranged
from 0.8-3.6 %.

Table 1. Massometric indicators of pregnant females (n=10)

I group, II group, III group, semifinishedproducts
control meat cutlet from soy-wheat texture
Duration of pregnancy, day 22.2%1.55 21.2%2.09 22.5%1.72 0.258
p=0.676* p>0.05**
p = 0'355***
The average number of rats
born from a female of this 7.3+£1.06 6.9£0.99 7.1+£1.19 0.716
group, pcs
p>0.05* p>0.05**
p>0.05%**
Weight of females before )4 90190 18 227.65+20.91 226.99+17.71 0.948
pregnancy, g
p>0.05* p>0.05**
p > 0.05>k>1<>:¢
Weight of females on the 50 7941905 239.01£19.29 240.58+14.09 0.970
7 day of pregnancy, g
p>0.05* p>0.05%*
p> 0.05%*%*
Weight of females on the () 1541487 261.06+18.95 263.97+18.02 0.907
14® day of pregnancy, g
p>0.05% p>0.05%*
p> 0.05%%*
Weight of females on the 557 74 15 45 393.11219.37 301.07+14.16 0.349
21t day of pregnancy, g
p=0.506* p>0.05%*
p=0.867%**
Note: n is the number of rats in the group; p — difference between groups; * — difference between the control
group and the group of animals that consumed meat cutlets; ** — difference between the control group and the
group of animals that used semifinished products; *** — difference between the group of animals that used meat

cutlets and semifinished products
Source: developed by the authors

Comparative characteristics of postnatal
development of rats of all study groups are
presented in Table 2. No significant difference
between the comparison groups was found

in the analysis of the adhesion of the auricles
(p=0.766), craniocaudal size at birth (p=0.891)
and on day 5 (p=0.882), and the appearance of
the coat (p=0.318).
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Table 2. Indicators of postnatal development of rats (n=10)

I group, II group, . H.I group,
control meat cutlet semifinishedproducts P
from soy-wheat texture
DEtaChmeg;?fau“des’ 3.9+0.88 4.1+0.88 3.8+1.03 0.766
p>0.05* p>0.05**
p >O'05*>1¢3k
Cramgicft‘ﬁdilglze at 5.030.21 4.97+0.29 5.02%0.32 0.891
p>0.05* p>0.05**
p>0.05%**
Cran“’“;}lg:;sgs onthe 5 25:0.08 5.29%0.11 5.34+0.29 0.882
p>0.05* p>0.05%*
p>0.05%%*
The appearance of a 6.1%0.31 5.7%0.3 6.3%0.21 0.318
woolen coat, day
p=0.962" p>0.05"*
p=0.422%*
Opening eyes, day 12.6+0.52 14.2%0.51 12.4+0.48 0.034
p=0.099* p>0.05"*
p=0.053"**
Weight of rats at birth, g 5.99+0.39 5.41+0.29 5.76+0.34 0.003
p=0.002* p=0.451%*
p=0.09***
i th
We‘gh(;a‘;f;?tﬁfgngthe ™ 849+043 7.8340.39 8.12+0.46 0.006
p=0.005* p=0.178"*
p=0.421%**
Wellﬂ}tdgfft;?er";he 16.32+1.32 15.69%1.29 16.18%0.71 0.45
p=0.701* p>0.05"*
p>0.05%**
W‘;‘g},}tdzgﬁ‘ftfi;’er";he 59.77+7.31 53.71+2.73 58.13£4.19 0.036
p=0.04* p>0.05**
p=0.191%*

Note: n is the number of rats in the group; p — difference between groups; * — difference between the control

group and the group of animals that consumed meat cutlets; ** — difference between the control group and the

group of animals that used semifinished products; *** — difference between the group of animals that used meat

cutlets and semifinished products
Source: developed by the authors

However, it is worth noting that the ad-
hesion of the ears was faster by 2.6-7.9 % in
the group whose mothers consumed vegeta-
ble-based semifinished products (3.8 days),
the craniocaudal size of rats at birth was larg-
er in the control group (5.03 cm); however, on
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the 5* day of life, the representatives of the
group whose mothers consumed semifinished
products from soya-wheat texture were larg-
er — 5.34 cm, which is 0.9% more than in the 2
group, whose mothers consumed meat cutlets,
and 0.4% more than in the control group. The
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hair coat appeared faster in rats whose moth-
ers consumed meat cutlets — 5.7 days, which is
7.0% faster than the control and 10.5% faster
than the group whose mothers consumed sem-
ifinished products from soya-wheat texture. A
statistical difference between the comparison
groups was noted in eye-opening (p = 0.034).
This sign of development was fastest in off-
spring whose mothers received semifinished
products with soya-wheat texture — 12.4 days,
which is 14.5% faster than in group 2, whose
mothers consumed meat cutlets, and 1.6%
faster than in the control group. At the same
time, no significant difference was found in the
groups after pairwise comparison. The study of
the weight of newborn rats showed a signifi-
cant difference between the comparison groups
at birth (p =0.003), on the 7™ (p = 0.006) and
30™ day of postnatal development (p = 0.036).
In general, during the experiment, the weight
of rats at birth was the highest in the control
group. The difference in the mass parameters
of newborn rats was 0.23-0.58 g or 3.8-9.7%, at
7 days of age - 0.37-0.66 g or 4.4-7.8%, at 14
days of age — 0.14-0.63 g or 0.9-3.7%, at 30 days
of age — 1.64-6.06 g or 2.7-10.1%. At the same
time, a posteriori analysis by the Bonferroni
method showed that the weight of newborn
rats from mothers who received semifinished
meat products was statistically lower than in
the control group (p=0.002). There was no sta-
tistically significant difference in birth weight
between the groups of rats whose mothers con-
sumed semifinished products and the control
group (p=0.451). There was also no significant
difference in birth weight between the 2" and
3 experimental groups (p=0.09). On the 7" day
of life, the situation between the comparison
groups was like that at birth. On the 14 day of
the study, there was no statistical difference in
weight between the groups. On day 30, it was
found that the weight of newborn rats whose
mothers received semifinished products did not
differ from the control group (p >0.05). On day
30, the weight of animals whose mothers ate

meat cutlets was statistically different from the
control group (p=0.04).

Thus, the results obtained indicate that
there is no negative effect of the vegetable sem-
ifinished product using soya-wheat texture and
meat cutlet on the reproductive functions of
rats and the development of offspring. During
the experiment, female rats showed no signs of
toxicosis, visible pregnancy disorders, or physi-
ological disorders. During the dynamic observa-
tion of the weight of experimental females in all
experimental groups, no decrease in weight gain
was recorded compared to control animals. The
weight and postnatal dimensions of newborn
rats of the experimental groups did not differ
from those of the control. At the same time, there
was a difference in weight between the con-
trol and experimental groups of newborn rats.

N. Omelchenko & G. Dronik (2018) showed
in their study no negative effect of heat-treat-
ed genetically modified soybeans in the feed
on the reproductive functions of rats and the
physical development of their offspring. All
the studied parameters were within the phys-
iological norm. The authors did not observe a
decrease in the weight of the animals during
the experiment, which received heat-treated
soya beans. However, the researchers did find a
decrease in the number of newborn rats in the
group that consumed genetically modified soy-
beans. They suggest that this may be due to the
influence of phytoestrogens and other biologi-
cally active substances in genetically modified
soybeans, which cause disruption of embryonic
development and, as a result, the birth of phys-
iologically weak and non-viable offspring. The
results of the author’s research are not consist-
ent with those presented in the publication,
where no reduction in the number of newborn
pups was observed in the group of females who
consumed vegetable semifinished products us-
ing soy-wheat texture.

L.V. Chorna & G. Dronik (2018) also showed
in their research that when soybean was add-
ed to the diet of female rats, the number of
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offspring was within the range of the control
group, which is consistent with the presented
studies. The authors observed an increase in the
weight of newborn pups whose mothers received
soybean feed compared to the control. At the
same time, from day 3 to day 20, the researchers
noted a decrease in the weight of the offspring,
which may be due to the residual effect of soy
bioflavonoids. The weight of 2-month-old rats
was higher than that of the control group,
which proves the positive impact of soy on
offspring growth, the high level of soy protein
absorption by animals and its biological value.

The timing of the ear flaps and the appear-
ance of a woolly coat in newborn rats in the
presented studies coincided with the results of
N. Omelchenko & G. Dronik (2018). However,
the opening of eyes in the authors’ experimen-
tal pups was observed earlier compared to the
researcher’s data. An analysis of this year’s re-
search has shown that the scientific community
has focused on the role of diets in high fat. And
although their research is consistent with the
authors’ study of the reactions of pregnant fe-
males and their offspring, in general, the results
of the experiments are incomparable due to the
difference in the objects and partially in the sub-
jects of the studies. C.C. Lapa Neto et al. (2023)
studied the effect of a high-fat diet on the body
of pregnant and lactating females and changes
in the liver of their offspring, which is in stark
contrast to the studies presented here, given the
additional difference in the observed indicators.
Although T.L. He et al. (2023), like the authors,
observed fetal growth, the rest of the indicators
and the study as a whole are not consistent.

Also, over the past year, there have been
scientific papers on the study of reproductive
functions and body development, which is
consistent with the authors’ research. Howev-
er, the factors of influence that interest the au-
thors differ. Scientists from the United States
of America, England, the Kingdom of Belgium,
the People’s Republic of China, and the Repub-
lic of Kazakhstan focused their research on the
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impact of trace elements: W. Ali et al. (2023) —
Cadmium, and F.]. Murray et al. (2023) — Cop-
per. The scientific search has shown the inter-
est of the scientific community in alternative
factors of influence on reproductive function
and fetal development, which allows com-
paring the authors’ studies. However, the
mechanism of action of the exposure factors
(Chrysobalanus icaco leaf extract (Rodrigues et
al., 2023), Agaricus bisporus mushroom (Ng,
2020; Caetano et al., 2023) is not consistent
and the comparison of results in such condi-
tions is incorrect. The current array of scientif-
ic publications shows the interest of research-
ers in the reproductive function of females,
which is consistent with the presented studies,
but mostly there is a desire to improve patho-
logical diabetic manifestations in pregnancy,
which is not consistent with the objectives of
the presented studies. E. Kloppel et al. (2023)
investigated the role of calcium and vitamin
D supplementation on tolerance to diabetic
symptoms during pregnancy.

There are studies that agree on the main
objectives of the researchers, but there are dis-
crepancies in the results of the experiments.
S.D. Simons and P.V. Johnston (1976) confirmed
the negative effects of limiting animal protein
(casein) in the diet of rats. The researchers re-
corded a slowdown in brain development and
a disruption in the composition of the mye-
lin sheath of nerve fibres, indicating a general
delay in the development of offspring in the
postnatal period, which was not observed in the
authors’ studies of plant-based semifinished
products, which were also deficient in animal
proteins. There is an assumption that the de-
layed development of rats in the US researchers
was caused specifically by a deficiency of casein
(a protein in dairy products), and the studies
are quite outdated and require clarifying exper-
iments using modern methods. This inconsist-
ency in results suggests that studies should be
repeated with the addition of casein control in
females and their offspring.
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Current research confirms the impor-
tance of protein control in the diet of preg-
nant females and their offspring. V.S. Moullé et
al. (2023) experimentally demonstrated that
groups with lower protein content during preg-
nancy and lactation were characterized by low-
er weight parameters compared to groups with
a balanced diet. These studies are consistent
with the authors’ in the context of the over-
all goal, but do not agree on the results, since
V.S. Moullé et al. (2023) fed the study group
a limited level of protein, and the authors of
the presented studies did not bring the level of
protein to a deficiency in any of the groups, but
its origin was different.

Thus, there are similar studies on the ef-
fect of different diets on the pre- and postnatal
development of rats among modern scientific
works, but there was no complete agreement
on the specifics of diets. This confirmed the
scientific novelty of the studies conducted by
the authors and provided many grounds for
further research in this area.

Conclusions
Thus, analysing the results of the study, there
was no negative effect of adding soya-wheat
texture to animal feed on reproduction, pre-
and postnatal development of rats. Pregnancy
of female rats was without signs of toxicosis,
visible disorders of pregnancy and physiolog-
ical functions. The duration of pregnancy in
group 3 was the highest, 5.8 % longer than in
group 2 and 1.3 % longer than in the control
group. However, the difference was not statis-
tically significant. In general, no significant
differences were found in the average number
of newborn rats and the weight of pregnant
females during the experiment. The difference
in the average number of newborn rats ranged
from 0.2 to 0.4 (p=0.716). The weight of fe-
males before pregnancy and on the 7* day of
pregnancy was the highest in the group, where
semifinished products from soya-wheat texture

were consumed. From the 14" day of pregnan-
cy until the end of the experiment, females of
the control group had the highest weight. The
postnatal parameters of the rats were within
the physiological norm. The adhesion of the
auricles was faster in the group whose mothers
consumed vegetable-based semifinished prod-
ucts, the craniocaudal size of rats at birth was
larger in the control group, but on the 5" day of
life of the offspring, an increase in the weight
of newborn animals whose mothers consumed
soy-wheat texture semifinished products was
noted. The hair coat appeared faster in rats
whose mothers consumed meat cutlets. The
opening of the eyes started the fastest in off-
spring whose mothers received semifinished
products with soya-wheat texture (12.4 days),
the difference between the groups was statisti-
cally significant (p=0.034). The study of mass
parameters of offspring showed a significant
difference between the comparison groups, re-
spectively at birth - p=0.003, on the 7" day of
postnatal development — p=0.006 and on the
30" day - p =0.036. A posteriori analysis by
the Bonferroni method showed a statistically
significant difference in the weight of new-
born rats whose mothers received semifinished
meat products with the control group, and a
similar situation was observed at the end of
the experiment.

The results obtained can serve as a basis for
further studying the effect of soy-wheat texture
on organ morphology and will help solve the cur-
rent problem of plant-based nutrition. Another
prospect for further research is to study the mor-
phology of organs in laboratory pregnant rats
and their offspring after consumption of soy-
wheat, pea, and soy texture by adult animals.
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AHoTauis. AKTyaJIbHUM IUTAHHSIMY CbOTOJI€HHS € TIONIUT cepe, HaceJleHHSI Ha 6iIKOBi MPOLYKTH, SIKi
HeoOXiHi 11 30pOBOT0 XapuyBaHHSI TIOOVHMY, IO MIOCTi/1HO BMMAarae Bifi HAyKOBIIiB Ta BUPOOHMKIB
3a/iMaTUCS MTOIIYKOM aJibTEPHATUBHMX aHAIOTiB 6ika. Came TOMY METO HAayKOBOi po6oTu 6yino
JOCTiI>KeHHS BIUVIMBY PalliOHy Ha POCAMHHIN i TBApMHHIV CMPOBMHI Ha BiATBOPIOBA/IbHY 30aTHICTh
picT i pO3BUTOK OpraHi3My. B ekcriepumMeHTi y BariTHUX CaMOK BM3Haua/lM TPUBAJIiCTb BariTHOCTI;
CepellHIO KiJIbKiCTh HapOJKeHMX IIypiB BijJ, caMKM BiAIOBiAHOI rpymny; Bary caMoK JO BariTHOCTI;
Bary caMok Ha 7-my, 14-ty Ta 21-my no6y BariTHOCTi. IIpoBefeHO MOPiBHSIHHS MTOCTHATATbHOTO
PO3BUTKY ILIypiB KOHTPOJBHOI Ta NOCAIAHMX TpyH. Y HOBOHApOIKEHMX ILIypiB BU3HAYaIM: BiK
BiIIMIIaHHS BYLIHMX PaKOBMH; KpaHioKayJaJbHMIT pPO3Mip IIpM HapOIyKeHHi; KpaHioKayaabHMi1
po3Mip Ha 5-Ty o6y; BiK MOSIBY LIEPCTSHOIO MOKPMBY; BiK BiZKpUBAHHS oueit; Bara IIypiB mpu
HapoKeHHi; Bara IIypiB Ha 7-my, 14-Ty Ta 30-Ty HoO6y skuTTs. OTpMMaHi pe3y/ibTaTH CBiguaTh
MPO BiJCYTHICTh HETaTMBHOTO BIUIMBY POCIMHHOTO HamiBpabpuKaTy 3 BUKOPUCTAHHSIM COEBO-
MIIEHNYHOTO TeKCTypaTy Ta M’SICHOI KOTJIETM Ha penponyKTUBHi (GYHKILiI HIypiB Ta PO3BUTOK
noToMcTBa. [IpoTSIrom eKCriepuMeHTY y Iy PiB-CaMOK He 6Y/10 03HAK TOKCMKO3Y, BUAVMUX IIOPYIIEHb
BariTHoCTi, opyiieHHs ¢isionorivanx Qynkuii. Ilig yac AMHAMIYHOTO CIIOCTEPEXKEeHHS 32 Barok
JIOCTiIHMX CaMOK Y BCiX eKCIIepYMeHTaJbHMX IPyTaX He 3apeeCTPOBAaHO 3HVDKEHHS IPUPOCTY Baru
MOPiBHSHO 3 KOHTPOJAbHMMM TBapyMHaMu. Bara Ta nocTHaTanbHi pO3Mipy HOBOHapOIKeHUX IIypiB
eKCIepUMeHTAIbHUX TPYI He BiApi3HSUIMCDH Bil KOHTPO/IO. Briepiie Ha 1a60paTOpHUX TBapMHAX,
Ha OCHOBi KOMIIIEKCHOTO TifIXOLy 3 BUKOPUCTAHHSIM Cy4aCHUX METOJIB JOC/IiIP)KeHHS IPOBeAeHO
BMBUEHHS BIUIMBY TPUBAJIOTO CIIOXKMBAHHS 1Xi Ha OCHOBi HamiBhabpMKATiB i3 COEBO-MIIIEHNYHOTO
TEKCTYPaTy Ta M’SICHOI KOT/JIeTU Ha penponyKTUBHi QYHKIIi1 TypiB Ta pO3BUTOK IIOTOMCTBA, 1110 Ma€
MPaKTUYHY LiHHICTh Y KOHTEKCTi 340POB’SI CAMOK i TIOTOMCTBa CCaBLIiB ITiJ Ii€0 aJIbTePHATUBHOTO
aJiMeHTapHOro UMHHMKA

KnrouoBi ©10oBa: BariTHiCTh; PO3BMUTOK OO HApPOMKEHHS Ta I, 4Yac HAPOIKEHHS; COEBO-
MIIeHUYHUI TEeKCTYypaT; CUPOBUHHI MaTepiaiu m’sica

Animal Science and Food Technology. 2023. Vol. 14, No. 4



https://orcid.org/0000-0002-6482-4792
https://orcid.org/0000-0001-9004-5250
https://orcid.org/0000-0002-6364-8117
https://orcid.org/0000-0002-2783-4932

TBAPUHHUILTBO TA TEXHOJIOTII XAPUYOBUX ITPOAYKTIB

Hayxoeuli xypHan

Tom 14, N2 4. 2023

3acHoBaHmi1 y 2010 p. BuxonuTp 4yoTMpM pasu Ha pik

OpuriHan-MaKkeT BUIAHHSI BUTOTOBJIEHO Y Biili/li HAYKOBO-TexHiuHOI iHbopmalii
HamionanpHOTO YHiBEpCUTETY GiopecypciB i MpMpogoKopuCTyBaHHS YKpaiHu

BipmoBizanbHMUiT pegakTop:
. Kokpa

PeparyBaHHSI aHIVIOMOBHUX TE€KCTiB:
C. Boposcbkuii, K. KacbssHOB

Komm'toTepHa BepcTKa:
O. I'ninueHko

[liznucano go npyky 22 nucronazga 2023 p.
®opmar 70¥100/16
YMOB. IpyK. apk. §,1
Hakman 50 mpum.

Anpeca BUAaBHUIITBA:
HarmionanpHuit yHiBepcuTeT 6iopecypciB i mpupomokopucTyBaHHS YRpaiHu
ByJL. ['epoiB O6oponu, 15, m. Kuis, 03041, Ykpaina
E-mail: info@animalscience.com.ua
https://animalscience.com.ua/uk



ANIMAL SCIENCE AND FOOD TECHNOLOGY

Scientific Journal

Volume 14, No. 4. 2023

Founded in 2010. Published four times per year

The original layout of the publication is made in the Department of Scientific and
Technical Information of National University of Life and Environmental Sciences of
Ukraine

Managing Editor:
D. Kokra

Editing English-Language Texts:
S. Vorovsky, K. Kasianov

Desktop Publishing:
0. Glinchenko

Signed for print of November 22, 2023
Format 70*100/16
Conventional printed pages 8.1
Circulation 50 copies

Editors Office Address:
National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony, Kyiv, Ukraine
E-mail: info@animalscience.com.ua
https://animalscience.com.ua/en





