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NEW METHODS OF MANURE DISPOSAL AND USE OF
PROCESSING PRODUCTS IN PIG BREEDING

Mykhailo FOMICHENKO, getter
https://orcid.org/0009-0006-3750-5821
Institute of Pig Breeding and Agro-Industrial Production of NAAS,
Poltava, Ukraine

The research was conducted in the laboratory of innovative technologies and
experimental facilities of Institute of Pig Breeding and AIP NAAS and in the conditions
of LIGA COJIAP LLC. In the course of the research, they evaluated and improved the
"stepping technology” of vermiculture, developed a method of extracting young
dungworms from compost, determined the possibility of vermiculture in large-sized
packages of the "Big-Bag" type, and the expediency of using vermighumus and
"Nanoverm" in the rations of young pigs. Vermihumus was obtained by utilizing manure
in a continuous reactor to obtain vermiproduction using California worms (Eisenia
Foetida). Raw vermighumus was extracted in the ABC-100 vortex bed apparatus and the
biological preparation "Nanoverm™ was obtained. It is determined that the technology
has been developed vermiculture in containers compared to that in the fields in open
ground increases the output of vermiculture by 14.78% and vermihumus by 23.36%.

The developed method of extracting young worms from compost, compared to the
known one, ensures the separation of young individuals from sexually mature ones from
compost. allows to separate young individuals from sexually mature ones. For the
effective disposal of manure as a biological reactor for the production of compost and
vermiproduction, a large-sized package "Big-Bag" was used, as well as a thermal case,
which is four horizontally stacked reconstructed used truck ramps, covered with a
polyurethane cover, in the middle of which a thermostat and a two-meter heating cable
are installed. The developed device provided air temperature in the zone of vital activity
of worms in the cold period of the year within the range of 13-18°C. Before feeding, raw
vermighumus was mixed with compound feed and placed in the feeder, and "Nanoverm"
- in a trough with water. For weaned piglets, the dose of vermighumus was 80-120 g per
head per day at the age of 28-45 days, and Nanoverm - 2 ml, for 46-60 days 2.5 ml, 61-
75 days - 3 ml. It was determined that the introduction of vermighumus and "Nanoverm”
into the diet of weaned piglets had a positive effect on their growth energy and survival.
In terms of live weight, the piglets outnumbered the control analogues at the age of 60
days by 13, 11 and 6.96%, and at the age of 90 days - by 14.2 and 11.52%, respectively.
The cost of additional main products obtained from feeding vermihumus and "Nanoverm™
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to piglets was UAH 343.3/head in the first experimental group, and UAH 278.53/head in
the second.

Key words: disposal, vermicomposter, vermihumus, "Nanoverm", weaned piglets,
living mass, preservation, interior.

HOBI CHOCOBH YTUJIIBALIL THOIO TA 3ACTOCYBAHHS
MMPOAYKTIB HEPEPOBKHU Y CBUHAPCTBI

Muxaiino ®OMIYEHKO, 3106yBay
https://orcid.org/0009-0006-3750-5821, e-mail: richsoil.ua@gmail.com
Incruryr cBunapcrBa i AIIB HAAH, [ToaraBa, Ykpaina

Jlocniosicennss nposedenni 6 nabopamopii  IHHOBAYIUHUX — MEXHON02IU ma
excnepumenmanvhux 06 ’ckmie Ilncmumymy ceunapcmea i AIIB HAAH ma 6 ymosax
TOB «JIII'A COJIAP». B npoyeci 0ocniodxicents npogoounu OYinKy ma yOOCKOHAIeHHS
«KPOKYIOYOI MexXHONO02IL» 8ePMUKYIbMUBYBANHS, PO3POOIANU CROCIO 8UIMKU MOJIOOHAKY
CHOUOBUX Uep8 sKI6 i3 KOMNOCMY, BUSHAYAIU MONCIUBICINL BEPMUKYIbMUBYEBAHHL )
genuxocabapumnux — ynaxkoskax muny «Big-Bagy, ma ooyinbnicme 3acmocysanms
sepmucymycy i «Hanosepmi 6 payionax monoousxy ceuwei. Bepmueymyc ompumysanu
WLISIXOM YMUNI3aYii 2HOW Y peakmopi HenepepsHoi Oii 011 OMPUMAHHA 8EPMUNDOOYKYIT
3 BuKoOpucmanHam kanigpopuiticoxux uepg sikie (Eisenia Foetida). Bepmucymyc-cupeysb
exkcmpazysanu 8 anapami euxposozo wapy ABC-100 i ompumysaru 6ionpenapam
«Hanosepm». Bcmanogéneno, wo po3pobiena  mexHoN02is 6epMUKYIbMUBYEBAHHS
KOHMelHepax NopieHAHO 3 MAKoI0 Y 6 OYpmax Ha I0KPUMOMY SpyHmMI € Ni08UULYE BUXIO
sepmuxyromypu na 14,78% i eepmucymycy na 23,36%.

Po3spobnenuii cnocio euimku MONOOHAKY 4eps siKi i3 KOMNOCMY, NOPIGHAHO I3
gioomum, 3abe3neuye 6i00LNeHHs i3 KOMHOCMY MOJOOUX OCOOUH 8i0 CMAameso3pilux.
00380J1€ BIOOLIAMU MOJIOOUX 0COOUH 80 cmameso3pinux. /s echekmusnoi ymunizayii
2HO10 8 AIKOCMI O10102IYH020 peakmopa OJisk BUPOOHUYMEA KOMIOCMY Md 8ePMUNPOOYKYIT
byna 3acmocoeana eenukozabapumua ynakoeka «Big-Bag, a maxoox mepmo ¢pymaap,
AKULL A8/15€ 00010 HOMUPU 2OPUBOHMATLHO CKIAOEH] PEeKOHCMPYUOBAHI 8XHCUBAHT CKAMU
BAHMANCHUX ~ABMOMOOILNIG, HAKPUMUX KPUWIKOIO 3 NONLYpemawny, 8 CepeouHi SAKuUx
VCMAHOBNEHO — mepMocmam i Hazpisanbumil 08omemposozo Kabenv. Po3pobdnenuti
npucmpiti 3a6e3neyyeas 6 6 30Hi HcUMMEOIAILHOCMI Yeps sIKie memnepamypy nogimps
6 x0100Hutl nepiod poxy é mexcax 13-18°C. Bepmueymyc-cupeys neped zodisneio
nepemiutyganu iz KOMOIKopmom i eHocunu y 200ienuyro, a «Hanosepm» - y kopumo 3
600010. /[ 8i0yUeHUX NOPOCAmM 0034 8ePMULYMYCY CKIALA HA 207108y 3a 000V Yy 8iyi
28-45 omis 80-120 2, a «Hanosepmy -2 mn, na 46-60 ouie 2,5 mn, 61-75 ouie - 3 mu.
Bcmanosneno, wo 66edenns 6 payion ioHAmMuUX nopocam eepmucymycy i «Hanoeepmyy»
NO3UMUBHO BNIUHYIIO HA IX eHepeilo  pocmy i 30epedceHicmb. 3a H U0 Macor Gi0OHAMI
nopocama nepesaicaniy KOHmpoabHux auanocié y eiyi 60 onie na 13, 111 6,96 %, a y
90-0ennomy — 6ionosiono na 14,2i 11, 52 %. Bapmicme 000amko60i 0cho6HOi npooyKuyii,
OMPUMAHOI 810 320008y6aHHs epmueymycy i «Hanoeepmyy nopocsamam ckiagy nepuiil
Odocniouit epyni 343,3 epu/eon, a ¢ opyei — 278,53 epu/eon.

" Hayxosuil xepienux - leanos Bonooumup Onexcanoposuy, OOKmMOp CilbCbK020CHOOAPCHLKUX
HayK, npogecop, conosuutl Haykosuii cnigpobimuux Incmumymy ceunapcmea i AIIB HAAH Yxpainu
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KuarouoBi cioBa: yrumizailis, BEpMHUKOMIIOCTEp, BepMHUTymyc, «HaHoBepm»,
BIIHATI MMOPOCATa, XUBa Maca, 30€peKeHICTh, IHTEP €.

Introduction. The modern practice of industrial complexes and farms highlighted
one of the environmental problems associated with the utilization of animal waste
products (Ivanov V.O., Voloshchuk V. M., 2019; Maksym V., D. Solomonko Lytvyn R.,
2021). One of the progressive methods of manure disposal is vermicomposting. The
development of this direction in agro-ecological production makes it possible to develop
a system of diversification of vermitechnologies for obtaining organic products in the
field of pig farming, as well as to solve a number of urgent environmental problems,
namely: utilization of manure by vermicomposting, obtaining high-quality,
environmentally friendly organic fertilizer, increasing soil fertility, strengthening the
fodder base, obtaining safe organic pork (Senchuk M.M. Senchuk M.M., 2018;
Senchuk M.M., 2020).

In the process of processing biohumus, earthworms (vermiculture) release a
valuable product - caprolite, which was named vermihumus (Sherman R.. 2018).
According to a number of scientists, an important characteristic of vermighumus as an
environmentally friendly fertilizer is its macro- and microelement composition (from 14
to 18 and 25%) of nitrogen, phosphorus, calcium, magnesium, copper and zinc. The
highest content of Mn (94-148 mg/kg) and Fe (74-195 mg/kg), less Zn, S, B, and the
amount of Co and Cu did not exceed 1 mg/kg were noted in the vermihumus obtained
after the processing of cattle manure. By means of vermicomposting, high-quality,
environmentally friendly organic fertilizer (vermighumus) is obtained, which is used to
increase soil fertility, strengthen the fodder base and grow safe organic pork (Maxim V.,
et. al., 2021; Przemieniecki, S.W. et. al., 2021).

One of the features of vermighumus is that it significantly reduces emissions of
polluting gases (Naushin Y. et. al., 2022; Spiehs M.J. et. al., 2019). In this connection,
vermiculture should be considered a new element of the technological process of
production and processing of pig products. Bioprocessing of agro-industrial complex
waste by the vermicomposting method helps to improve the ecological condition of the
environment, as well as to obtain effective ecologically safe bioadditives (Dyudiaeva
O.A,, Rutta 0.V., 2024; Maksym V. et. al., 2021). Along with this, there is more and
more information in foreign and domestic literature that vermihumus is an effective
source of protein replenishment in fodder production and animal feeding (Shatalin D.B.,
2017; Hesami Y. et. al., 2020).

Analyzing the state of existing technologies in pig breeding, it should be noted
that the recycling system and the diversification system are practically not developed for
obtaining organic products of fodder and pork in conditions of agro-ecological production

In this regard, (Valyavska K.V. et. al., 2023; Zhuk P.V., 2022, Hussein I.A., Mona
S.M.M., 2018) the further improvement of vermiculture technology through the
development and implementation of new technical means for deep processing of
vermihumus and the use of the resulting products in animal husbandry and fodder
production, solving a number of important environmental problems, is urgent.

The purpose of the research is to develop new methods of manure disposal and
the use of processing products in pig breeding.

Research materials and methods. Experimental research was conducted in the
period 2020-2024. at "LIGA SOLAR" LLC, Zaporizhzhia, OJSC "Agroprime Holding".
and in the laboratory of innovative technologies and experimental livestock facilities of
the Institute of Pig Breeding and APV of the National Academy of Sciences, Research
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took place in four stages. At the first stage, evaluation and improvement of the "stepping
technology" of vermiculture was carried out.

At the second stage, a method of extracting young dungworms from compost was
developed. At the third stage, the possibility of vermiculture in large-sized packages of
the "Big-Bag" type was determined. At the fourth stage, the expediency of using
vermihumus and "Nanoverm” in the diets of young pigs was determined. Vermiculture
technology was carried out in accordance with methodological recommendations
(Senchuk M.M. Senchuk M.M., 2018; Senchuk M.M., 2020, Sherman R.. 2018).

Vermiproduction was obtained by using vermiculture technology in continuous
reactors (fig. 1).

Fig. 1. 3The content of humic substances in vermihumus was: humic acids-
3.6% or 36.0 g/l, fulvic acids-3.0% or 30.0 g/l, humic substances-6.6% or 66.0 g/l.

Biopreparation "Nanoverm” was obtained by extracting the obtained
vermighumus in the ABC-100 vortex bed apparatus (fig. 2).

Camera
k )1

Fig. 2. General view of the equipment for obtaining "*"Nanoworm**

In "Nanoverm" the content of humic substances was: humic acids-0.56% or
5.6 g/I, fulvic acids-3.53% or 35.3 g/I, humic substances-4.09% or 40.9 g/I.
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To determine the expediency of using vermighumus and "Nanoverm" in the
rations of young pigs, three sub-experimental groups were formed (table 1).

Table 1
Scheme of feeding weaned piglets
Group n Feeding conditions of weaned piglets
Control 30 | Standard combined feed according to existing norms

Standard combined fodder + vermighumus (80-120 g
per head per day)

Standard compound feed + dietary supplement
("Nanoverm" 3-4 g per head per day)

I-Experimental 30

I1-Experimental 30

The fattening productivity of young animals was determined according to the
relevant methodical recommendations of Institute of Pig Breeding and AIP NAAS. The
economic efficiency of research results was determined according to (Andriychuk V. G.
(2002). The research results were processed using the methods of variational statistics
(Chepur S.S., 2023).

Research results. "Stepping technology™ allows vermicomposting to be carried
out both outdoors and indoors (Fig. 3). It consists of several operations: preparation of
the substrate, formation of the starting edge, settlement of the edge with a population of
worms, control of adaptation, feeding, collection of worms, raw vermicompost, creation
of conditions for humification and mineralization of vermicompost. separation of
vermicompost and its storage.

Fig. 3. Sides of the "'stepping technology'* of vermiculture in open ground and
indoors

Preparation of the substrate consists in preliminary natural composting of humus
for 2-3 months outside in open ground. First, the basic substrate is prepared from the pre-
fermented organic substrate, and a pillow of the future vermiburt is arranged from it on
the concrete floor. A starting deck made of substrate with a width of 80-100 cm and a
height of 20-30 cm is laid out on it. The length depends on the size of the room or
composting area.

Then this substrate is inhabited by a population of compost worms of the Eisenia
fetida species, at the rate of 2-2.5 kg of compost per 1m2. After 7-10 days, a 7-10 cm
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layer of fodder substrate is layered on top of the burt and moistened. These operations are
repeated regularly until the height of the side reaches 60-90 cm. From this moment,
layering of the prepared fermented fodder substrate for compost worms and moistening
is carried out only on one side of the formed stationary side. Also, fertilizing vermiculture
with fodder substrate is started by layering only on one side.

Periodically moisten with water by sprinkling or spraying (humidity of the
substrate should be 75-85%). The burt, which is in the room, is covered with agrofibre,
and if it is outside - with straw. The layer of straw is 10-15 cm in summer, and 50 cm in
winter. Periodically moisten with water by sprinkling or spraying (humidity of the
substrate should be 75-85%). The burt, which is in the room, is covered with agrofibre,
and if it is outside - with straw. The layer of straw is 10-15 cm in summer, and 50 cm in
winter. In this method, compost worms continuously migrate for the nutrient substrate
from one side of the burt to the other, forming an active zone of vermicomposting and
vermiculture (Birnbaum J. A., 2015).

It should be known that after the formation of vermihumus, the next layer of top
dressing must be applied, into which compost worms also continuously migrate, forming
the next active zone of vermicomposting and vermicultivation, while a layer of finished
vermihumus is removed from the opposite, respectively left or right, side of each side.
The raw vermicompost collected from the sides is sent to the fermentation and
humification area (closed soil; ventilated room without direct sunlight). It is stacked at a
height of 1.5-2 m for further ripening and slow natural drying to a humidity of about 40%
for 1-2 months. The disadvantage of this method is that compost worms are tasty food for
rats and mice (Zaitseva V.G., Nesterenko O.V., Chernyshenko G.O., etc., 2020). As a
result, the output of vermihumus and vermiculture decreases. The basis of the useful
model is the task of improving the method by preventing contact between rodents and
worms.

This task is achieved by forming ridges from separate grid containers filled with
compost and vermiculture, and after completion of vermicomposting and vermiculture,
new containers filled with nutritious substrate without worms are placed next to them
(Fig. 4).

To implement the method, a container (fig. 1-5) was developed, which consists of
a metal frame (1), in the whole bent pyramidal trapezoid, four walls (2), which are made
of lattices, and the fifth - contains a hinged door (3) with a latch (4) and movable hinges
(5). Fig. 1 shows the device in an axonometric projection in working condition, in fig. 2
- in a non-working condition, with the door open, in Fig. 3 - a cross section of a row of
containers filled with compost and vermiculture, in figs. 4 and 5 - a diagram of filling a
container with compost and vermiculture. Example 1. A substrate of organic composition
made of pre-fermented organic material (cow, pig manure or other organic waste) is
placed through the open door (2), which is fixed on the frame (1), into a container (fig. 1,
2), inserted into a support (fig. 4, 5), and from one of the walls (2) a population of compost
worms is planted in the substrate.

Next, a self-propelled stacker forms ridges with a certain distance between them
on an open site for vermicomposting. After the completion of vermicomposting and
vermiculture and the formation of fresh vermihumus in the container, a second container
filled with fresh nutrient substrate is tightly placed next to it, where the worms from the
first container migrate. from the first container, forming the next active zone of
vermicomposting and vermiculture ( 3).
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Fig. 4. General appearance of containers for ridge vermitechnology

After the completion of vermicomposting and vermiculture and the formation of
fresh vermihumus in the second container, a third container with a nutrient substrate is
tightly placed to it again, where the worms from the second container migrate, etc.
Containers with missing worms and ready biohumus are lifted by self-propelled stacker
by hinges (5) and transported as intended. New containers with fresh substrate are placed
in place of the evacuees and the vermicomposting process continues.

Given that the cells of the latticed metal wall (2) have a small size (upto 1 cm in
diameter), the worms are completely protected from the penetration of rats and mice,
which significantly increases the yield of vermiculture and vermihumus. Comparative
characteristics of the efficiency of different methods of vermiculture and
vermicomposting are given in table 2.

The data in table 2 indicate that the use of a new method of vermiculture and
vermicomposting increases the output of vermiculture by 14.78% and vermihumus by
23.36%.
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Table 2
Effectiveness of different methods of vermiculture and vermicomposting
Indicator Prototype Proposed method

The volume of manure in the container,

m3 1.0 1.0
Introduced vermiculture, kg 1.5 1.5
Received vermiculture, kg 115 13.2
Output of vermighumus, kg 50.5 62.3

A number of methods are used to quickly collect vermoproducts (Sherman R.,
2018). For example, in the USA, a method of collecting dung worms from compost has
been developed, which consists in adding bait - peat, rotten pieces of vegetables, coffee
grounds, pieces of paper - to individual mesh bags used in households to store various
vegetables, and then placing them in the top layer of compost, into which vermiculture
was previously loaded for processing (Evans T., 2015). In the process of
vermicomposting, worms from the compost crawl into mesh bags, where they consume
the bait described above. After processing humus and bait, bags with worms at different
stages of development (young, sexually mature) are removed from the processed compost
and sent to their destination. The disadvantage of this method is that it does not allow
separating young individuals from sexually mature ones. In scientific and industrial
practice, such a technological operation is absolutely necessary.

Therefore, in order to improve the method, the bait is placed in bags made of
mosquito net (the size of the cells is no more than 1.4 mm), and rotten fruits (pears, apples,
apricots, plums) with a moisture content of no more than 70% are used as bait. In addition,
the bag's stay in the compost should not exceed 5 days.

Example. Prepared compost with vermiculture (dung worms Eisenia fetida) is
placed in bags made of mosquito net (the size of the cells is no more than 1.4 mm), filled
with bait - rotten fruits (pears, apples, apricots, plums) with a moisture content of no more
than 70%. Such humidity provides optimal conditions for the life activity of worms.
Observations showed that worms consumed rotten fruits (pears, apples, apricots, plums)
much better than rotten vegetables (table 3). Observations showed that young worms (up
to 20 days old) freely penetrate through the cells of the mosquito net (diameter of the cell
4 mm), and at the age of 40-45 days they penetrate through the cells with tension,
changing the thickness of the body due to its significant elongation. Periodically, but no
later than 5 days, the bags were taken out of the compost and sent to their destination, and
the formed vermicompost was sifted through a vibrating screen and thus received pure
vermicompost and adults. Why do you need to remove the bags from the compost no later
than 5 days? This is due to the fact that after 4-5 days, young worms become adults
(puberty in worms also occurs at the age of 50-60 days). If the age at the time of
introduction of worms into the bag is 45 days, and the period of stay is more than 5 days,
the young individuals at the age of 45 days will become sexually mature (5+45 =50 days),
which will nullify the success of the method. This method of extracting young worms
from compost can also be used for worms of other species under conditions of similarity
of morpho-physiological parameters (age, body length, body thickness, sexual maturity).

The advantage of the proposed method is that it ensures the separation of young
individuals from sexually mature ones from the compost. Therefore, recently, scientific
institutions of various countries of the world have been intensively searching for methods
and ways of removing, processing and using manure from large pig farms, which involve
its complete utilization. The solution to this problem lies primarily in the fact that

11
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livestock complexes become a source of raw materials for obtaining additional
agricultural products (Bogatova D. R., 2018; Skorobogatov M.M., Kutserubova O. 1.,
2011).

Table 3
The attractiveness of the bait for worms according to the prototype and
the new method

Type of bait in a bag

moss, rotten vegetables, coffee | rotten fruits
grounds, pieces of paper (pears, apples,
apricots, plums)

Indicator

The number of young worms
in the bag 5 days after applying 38 52
the worm bag, %

The number of young worms
in the bag 10 days after 64 88
applying the worm bag, %

The modern stage of manure disposal using vermiculture is a significant and
effective biological method. In this connection, the further development and improvement
of new technical means of vermiculture is relevant. As a biological reactor for the
production of compost and vermiproduction, we used a large-sized package "Big-Bag"
(0.75 x 0.75 x 1.25), which is widely used for packaging packaged and bulk building
materials, ore, vegetables, fruits, mineral fertilizers, etc. (Fig. 5).

A W ATA

\

Fig. 5. Vermicomposter with flexible walls: 1-case with polypropylene walls,
2- handles for gripping with a crane, 3- rings, 4-cord, 5- "'Big-Bag"* packaging.

The task is implemented in the following way. With the help of a conveyor, fresh
manure is loaded in layers through the neck of the package and watered with an aqueous
solution of the biological preparation "Complesyn™ on top. which is intended for quick
processing of manure and obtaining vermihumus suitable for the settlement of
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vermiculture. The drug was first diluted with warm water (20 g per 1 liter) and after 15
minutes evenly sprayed manure, which was added to the package at the rate of 10 liters
per 1 m® of manure. According to the manufacturer's recommendations, the composting
process should be carried out in the spring-autumn period, which takes place within 6-8
weeks, depending on the outside temperature. In our research, an additional task was set:
to carry out composting in the cold period of the year (autumn-spring). A case was used
to store each package, which is four horizontally stacked reconstructed used truck ramps,
covered with a polyurethane cover (Fig. 6).

8
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Fig. 6. Case for packaging "'Big-Bag with substrate': 1 - cover, 2 - slope, 3 -
cavity, 4 - packaging, 5 - capillary tube, 6 - thermostat, 7 - polyurethane board, 8 -
grid, 9 - heating element.

An installation consisting of a thermostat and a two-meter heating cable (30 W/m)
was used to heat the substrate. The thermostat contains a case with a handle, a canister
with freon, connected to a spring and a capillary tube and designed to maintain a
temperature in the range of -30...+ 30 °C. To prevent the manure from drying out in the
"Big-Bag" packaging, a wooden board was placed on it, and a heating unit was placed on
top. A capillary tube was inserted into the substrate and a temperature of 30 ° C was set
on the body using a handle. With this parameter of the thermostat and the average
temperature of the outside air in the range of +0.4...-3 °C, the composting process lasted
five weeks.

Next, a brood box with California worms (0.78 kg) was added to the prepared
compost (70-80%) from above. The temperature in the living area of worms, depending
on the temperature of the outside air, fluctuated between 13-18 °C.

The vermicomposting process lasted five months. At the end of vermicomposting,
the mass of worms was 5.48 kg, and the mass of vermihumus was 0.5 m3.

To obtain liquid vermighumus or "vermichayu"several liters of specially purified
structured water are poured onto the substrate, which flows through the entire substrate,
is saturated with living microflora, soil microorganisms, spores, soil antibiotics, micro-
and macroelements, humates, fulvic acids, amino acids, phytohormones, enzymes,
vitamins, plant growth and development hormones and drains through the spill valve
located at the bottom of the package . After the end of the compost processing process,
the mother vermiculture is selected for further breeding.

13
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To do this, a box with a new nutrient substrate is placed on the surface of the
formed vermighumus, to which the worms willingly move. Next, the box with the mother
culture is placed in a large package with prepared compost. Vermighumus, together with
cocoons and other worms, is poured into vehicles, taken to fields to improve soil fertility,
or used as a feed additive.

In order to establish the possibility of using feed additives from vermighumus
and "Nanoverm" in the rations of young pigs, we conducted a production inspection. The
results of the research are shown in Fig. 7.

Kr 1l '
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39/0- — VI 14000
37,0 —
35,01 — B -90,0
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31,0 _ 80,0
29,0 ronie | I
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11,0 | 11,0 ] 30,0
9,0 9.0 -
7.0 7.0 ~20,0
5,0 5,0 - =
3,0 3,0- 10,0
1,0 1,0 1 -
123 123 123 123 123 123

Note. **P>0.99, ***P>0.999 compared to the control group

Fig. 7. Indicators of productivity and survival of weaned piglets: I- number
of piglets at the time of rearing (28 days), goal, I11- live weight of piglets at the age of
28 days, kg, I11- live weight of piglets at the age of 60 days, kg, IV- live weight of
piglets at the age of 90 days, kg, V- Number of piglets at the age of 90 days, goal VI-
Survival at the end of the 3-month age %.

It was found that the weaned piglets of the first and second experimental groups
exceeded their peers at the age of 60 days by 13.11 and 6.96% in live weight, and at the
age of 90 days by 14.12 and 11.52%, respectively. The animals of the experimental
groups also had a higher survival rate by 4.3 and 8.9%, respectively, which also confirms
the biological activity of humates in growing young pigs. The cost of additional main
products obtained from feeding vermighumus and Nanoverma" to piglets was 343.3
UAH/head in the first experimental group, and 278.53 UAH/head in the second. The
results of hematological studies of young pigs showed that when adding vermigums in
the amount of 50-80 g/head per day and "Nanoverm - 1-2 ml/ head per day to the main
compound feed of suckling piglets of the first experimental group at the age of 90 days,
the hemoglobin content increases by 6.27% and 8.75% compared to the control.
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Table 4
Biochemical indicators of blood, g/l
Group Age, _ Indicatqr _
days total protein albumin globulin
28 42,21+2 43 25,25+3,92 14,68+3,24
Control 60 43,3242 .45 26,45+1,21 16,45+1,57
90 54,02+2,24 28,01+1,96 22.4142,02
28 47,21+2 23 28,25+2,02 16,68+1,24
1-experimental 60 49,3242.45 27,81+1,21 18,45+1,44
90 59,71£2,74 34,21+1,36* 25,47+£2,02%*
28 47,21+2,13 29,25+1,91 18,68+1,34
2-experimental 60 45,3242 .25 30,1+2,11 21,45+1,57
90 62,1442, 14* 34,8242,04* 28,47+1,12%*

Note. *P<0.05; compared to the control group

At the age of 90 days, the level of hemoglobin increases by 8.75% (p<0.01)
compared to the indicators of the control group. Our data are consistent with the materials
of foreign authors (Kovacik A, Sladecek T., Massan M. et.al., 2022 ). Feeding vermigmus
and Nanoverm to piglets had a positive effect on protein metabolism and some indicators
of animal resistance. (table 4).

Discussion. Improving technologies for the utilization of farm animal manure is
a logical development of agricultural production, the final link of which is recycling and
diversification (Skorobogatov M.M., Kutserubova O.1., 2011, Hussein I. A.S., Mona S.M.
M. (2018). In our opinion, most of all, this process will be accelerated due to the
introduction of innovative methods and techniques (Ivanov V.O., Voloshchuk V. M.,
2019). Based on the goal, at the first stage of research, technological solutions for the
production of vermihumus and worm products were evaluated. It should be noted that
they were held in the nursery of LLC "Liga Solar" (Zaporizhia), which in its production
activities is engaged in deep processing of manure and sale of the obtained products.
When comparing the two most common technologies (“stepping edges" and "stationary
edges") it was established that they have common opportunities for implementation both
in open areas and in closed places without additional financial investments due to the
rapid growth of the worm population. the technology of vermiculture in stepping edges
compared to stationary ones in the calculation per 1 m? allows to increase the production
of vermihumus by 1.68 times, vermiculture by 1.87 times. According to a number of
authors (Zaytseva V.G., Nesterenko O.V.,. Chernyshenko G.O, etc., 2020), the
considered technologies have a general drawback, which is due to the fact that worms
attract rats and mice, which significantly reduce the yield of vermiculture. Therefore, in
order to prevent contact with rodents, we have developed a method and a device for its
implementation. Its essence is that the ridges are formed from separate lattice containers
filled with compost and vermiculture, and after completion of vermicomposting and
vermiculture, new containers filled with nutritious substrate without worms are placed
next to them. In addition to the above-mentioned technologies, a new method was
developed that allows you to lure worms from vermighumus, separating young
individuals from sexually mature ones. In contrast to the known method (Evans T. 2015),
we proposed a more perfect method because it ensures the separation of young individuals
from sexually mature ones from the compost. This does not happen in the known method.
Worms at various stages of development crawl into the mesh bags.
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At the next stage, the large-sized packaging "Big-Bag" was studied as a biological
reactor for the production of compost and vermiproduction in warm and cold seasons.
The obtained vermighumus was used in feeding pigs. In the course of the study, it was
established that the young of the Il and Il experimental groups exceeded their
counterparts in terms of live weight by 4.02 and 8.76%, respectively. %. There are a
number of reports in the scientific literature that confirm the positive effect of
vermiguvmus on the results of pig breeding (Valyavska K.V., Geysun A.A., Matrosov
0.S., 2023; Shatalin D.B., 2017).

An innovative method was used to obtain the biologically active substance -
"Nanoverm™ (trade name) from vermighumus - extraction in the AVS-100 vortex field
apparatus. This method increases the content of humic substances in the finished
product, compared to the prototype, 3.32-9.98 times higher. The introduction of
"Nanoverm™ into the diet of young pigs helped to increase their growth energy and the
humoral defense of the body, which affected their survival. As you know, globulins
provide humoral protection of the animal body. According to the content of globulin days,
the piglets of the experimental groups slightly exceeded the control analogues, which can
be explained by the influence of vermighumus and nanoverm, which were fed during the
post-weaning period, which caused an increase in the synthesis of immunoglobulins. Our
conclusions are consistent with research (Valyavska K.V., Geisun A.A., Matrosov O.S.,
2023), which established that, due to the effects of sodium humate, succinic acid and trace
elements, a probable increase in the proportion of T-lymphocytes was observed, which
indicates an increase in the ability of the cellular link of immunity to respond to antigenic
stimulation. The obtained data on the positive effect of humic substances are consistent
with research conducted by domestic and foreign researchers (Byambas P., Hornick J.L.,
Marlier D. et.al., 2019; Rai S.N., 2019). The issues considered in the article give reason
to consider them as an example of diversification in the agricultural sector, which is fully
confirmed with the opinion of Bogatova D. R. (2018).

Conclusions

1. The technology of vermicomposting of "stepping edges" has been
improved, which consists in the fact that ridges are formed from separate lattice
containers filled with compost and vermiculture, and after completion of
vermicomposting and vermiculture, new containers filled with a nutrient substrate
without worms are placed next to them, as a result of which the output of vermiculture
increases by 14.78% and vermihumus by 23.36%.

2. A method of extracting, separating from compost, young individuals from
sexually mature worms from vermighumus has been developed, which consists in the fact
that the bait is placed in bags made of anti-mosquito mesh with a mesh size of no more
than 1.4 mm, and rotten fruits (pears, apples, apricots, plums) with a moisture content of
no more than 70% are used as bait. In addition, the bag's stay in the compost should not
exceed 5 days.

3. The technology of vermicomposting in large packages of the "Big-Bag"
type in the cold period of the year has been developed. It was established that the obtained
vermighumus when introduced into the concentrate diet of fattening young pigs in a dose
of 5 and 10% contributes to an increase in live weight by 4.02 and 8.76%, respectively.

4. The introduction of vermighumus (80-120 g/head) and "Nanoverm
(2.5 ml per head) into the diet of weaned piglets of the first and second experimental
groups contributed to an increase in live weight at the age of 60 days by 13.11 and 6.96%,
and at the age of 90 days by 14.12 and 11.52%, respectively. The animals of the
experimental groups also had a higher survival rate by 4.3 and 8.9%, respectively, which
also confirms the biological activity of humates in growing young pigs.
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5. The experimental research materials given in the article should be
considered as an example of diversification in the agricultural sector.
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The article examines the current state and dynamics of the development of the feed
production industry in Ukraine and considers the impact of climate change factors and
force majeure on its development.

It is determined that climate change has been observed not only all over the world,
but also in the conditions of Ukraine. They are accompanied by an increase in Heat
Supply and aridity of the growing season, uneven distribution of precipitation throughout
the year.

It is established that over the past 20 years, the structure of sown areas of
agricultural crops has changed significantly. In 2000, cereals accounted for 50.2%,
technical 15.4%, and fodder 26.0 %. However, over the years, prices for cereals and
technical crops (except sugar beet) have significantly increased, and the number of
animals has significantly decreased. Therefore, in the total structure of sown areas, the
area of industrial crops increased in 2021 to 32.3%, including the share of sunflower
increased from 8.4% to 23.1%. The percentage of forage crops decreased from 26.0% in
2000 t0 9.6% in 2010 and to 5.4% in 2021. it is proved that the use of nine different crops
at the enterprise makes it possible to organize 7-full crop rotations with the best
predecessors.

The analysis of the development of the feed production industry in PE "Agro-
Novoselovka 2009" Novovodolazhsky district, Kharkiv region over the past 3 years is
carried out. It is established that in 2021 the percentage of grain and leguminous crops
was 69.6 %, technical — 26.2 %, fodder — 4.2 %. In 2022, their ratio did not change
significantly and amounted to 72.2, 23.0 and 4.7%, respectively. the share of Feed area
increased from 4.2% in 2021, to 4.7% in 2022 and to 7.5% in 2023, which is positive for
feed production and animal feed supply.

It is determined that the company uses 7-field crop rotations and effective
agrotechnical techniques in crop production, so that good predecessors are selected for
agricultural crops. Corn for both silage and grain proved to be the most effective fodder
crop in three years, under various conditions. However, the highest yield of crude protein
per 1 ha was found in perennial grasses (alfalfa) for hay.

Keywords: feed production, climate, acreage, crop rotations, forage land, yield,
feed units, productivity of 1 ha of area.
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Incruryt TBapunaunTBa HAAH, XapkiB, Ykpaina

B cmammi oocnioosceno cyuacnuri cmar i OUHAMIKY PO3GUMKY  2ANY3i
KOPMOBUPOOHUYMSEA 6 YKpaini ma po3eisiHymo numanHs wooo enausy ¢akxmopis smi
KAimamy ma opc-maxrcopHo2o xapakmepy Ha ii po3eumox.

Buznaueno, wo 3minu xknimamy iomiueno, He MIiNbKU Y 6CbOMY C8imi, a U &
ymogax Yxpainu. Bonu cynposodiicytomvcs 3pocmanHAM mennosabe3neueHocmi ma
ROCYWIUBOCMI  8ecemayiliH020 Nepiody, HEePIBHOMIPDHUM PO3NOOLIOM amMOCEHepHUx
0naodie npomsa2omM poKy.

Bcmanoeneno, wo 3a ocmanni 20 poxie cmpykmypa nocigHux niouy
CiIbCbK020CN00apCuKUx Kyaemyp cymmeso sminunaca. Y 2000 poyi seprosi ckraoanu
50,2 %, mexniuni 15,4%, kopmosi 26,0 %. Ilpome 3a yi poxu cymmeso niOHAIUCA YIHU
Ha 3epHOBI ma MexHiuHi (OKpiM UYYKpoeo2o OVpsAKaA) a No2onie’si meapuH CYymmeeo
ckopomunocs. Tomy 6 3a2anbHili cmpyKmypi ROCIGHUX NIOW), NIOWA MEXHIYHUX KYAbMYD
soinvwunace y 2021 poyi oo 32,3 %, 6 momy uucii numoma 6aed COHAUHUKA
30inbuwunacsy 3 8,4 0o 23,1 %. Biocomok kopmosux kyavmyp 3meHuuecs 3 26,0 % y 2000
p.009,6%y2010p.ioo 5,4 %y 2021 p. 0osedeno, wjo 3acmocy8ants Ha NIONPUEMCMEI
0eg’simu pi3HUX KYIbmyp 0d€ MONCIUBICIMb OP2aHi308)Y8amu 7-noJibHi cieoobopomu 3
HAUKpawumu nonepeoHuKamu.

IIposedeno ananiz pozsumxy eanysi kopmosupoonuymea y 111 «Aepo-Hoeocenieka
2009» Hoeosooonazvkozo paiiony, Xapkiecbkoi obracmi 3a ocmauui 3  pOKuU.
Bcmanoeneno, wo y 2021 poyi 8iocomok 3epHosux i 3epHo60008UX KyIbmyp CK1A0Ad8
69,6 %, mexniunux — 26,2 %, xopmosux — 4,2 %. V 2022 pouyi ix cniegionHowienHs
CYMmMeEBO He 3MIHUNOCA [ cKaano e6ionosiono 72,2; 23,0 ma 4,7 %. uacmka niowi
Kopmosux naow 360invuryeanacs 3 4,2 %y 2021 p., 00 4,7 %y 2022 p. i 0o 7,5 %y 2023
D-, WO € NO3UMUSBHUM OJisl KOPMOBUPOOHUYMEA | 3a0e3nedents meapuH KOpMamu.

Busnaueno, wo Ha nionpuemcmsi 3acmocogyiomv 7-noNbHi  CIBO3MIHU ma
ehekmueHi  acpomexuiuHi  NputioMu 8  POCIUHHUYMEGI, 3a605KU  UYOMY  OJisl
CIIbCbKO20CNOOAPCLKUX — KyIbmyp  nidiopaui  006pi  nonepeonuku.  Haiibinvw
eghexmueHoI0 KOpMOBOIO KYIbMYpOIO 3a MPU POKU, NPU PIZHUX YMOBAX, 8UABUNA ceDe
KYKYpYO03a AK HA CULOC Max i Ha 3epHo. Ilpome Haubinbuiuti 6uxio cupozo npomeiny 3 1
2a 6CMAanos8IeHo y bazamopiynux mpas (1oyepHa) Ha Cito.

KuarouoBi cjioBa: KOpMOBHPOOHUIITBO, KJIiMaT, TMOCIBHI IIJIOMIl, CIBO3MIiHH,
KOPMOBI yT1JII5l, ypOXKaiHICTh, KOPMOB1 OAMHUIIL, TPOAYKTUBHICTb | ra miomii.

*Haykosuti koncynomaum - Muxarvuenko C.A., dokmop c.-e. Hayk, npogecop, Incmumym
meapunnuymea HAAH
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Introduction. The basis for the development of the livestock industry is the feed
production industry, which is formed from different types of feed depending on the
livestock industry. In realizing the productive potential of farm animals, feed is crucial,
since their share in the production of livestock products is about 60 %.

The development of feed production according to V. F. Petrichenko (2022) should
be aimed, in particular, at increasing the specific share of high-yielding varieties of corn,
perennial legumes and grasses, annual legumes adapted to various conditions, resistant to
pathogens, environmental stresses, with increased symbiotic activity; increasing the yield
of forage crops and rational use of hayfields and pastures.

An important prerequisite for the development of animal husbandry in agricultural
formations of various forms of ownership is the creation of a strong feed base in each
farm. The importance of the feed industry is due to the fact that it is the basis for the
growth of livestock and increasing its productivity, and this in turn determines the growth
rate and level of production of livestock products, since feed accounts for 68-73% in the
cost of livestock production. However, in recent years, the deficit of feed protein is 25-
30%, which requires a new approach and significant changes in the formation of the feed
base (Ambrosov V. Ya., 2009).

Feed production is a multifaceted but imperfect industry in technical and
technological terms, which requires both the use of innovative technologies,
achievements of modern science and technology, and significant investments, attracting
material and labor resources. The peculiarity of feed production is its belonging to all
three spheres of the agro — industrial complex - (feed is the means of production (objects
of labor) of livestock products); direct production (cultivation, harvesting and storage of
feed); industries of processing agricultural products (production of mixed feed, feed from
plant waste).

An important issue of agricultural production is the efficiency of feed production,
because this industry is located at the "junction™ of two branches of Agriculture: Animal
Husbandry and crop production. Feed production is a multifaceted but imperfect industry
in technical and technological terms, which requires both the use of innovative
technologies, achievements of modern science and technology, and significant
investments, attracting material and labor resources (Ambrosov V. Ya., 2009).

Important scientific developments on forage crop cultivation technologies were
carried out by well-known scientists of Ukraine A. A. Babich, V. F. Petrichenko, M. 1.
Bakhmat, G. I. Demidas, V. G. Kurgak, A.V. Korneychuk, I. I. Senik., Yu. a. Veklenko
and others. However, many issues of this issue are still insufficiently studied.

Climate change has been observed not only all over the world, but also in the
conditions of Ukraine. As V. A. Balabukh Notes (2022), they are accompanied by an
increase in Heat Supply and aridity of the growing season, uneven distribution of
precipitation throughout the year, a shift in the long-term timing of meteorological
calendar phenomena, and so on.

At the same time, according to Ambrosov V. Ya. (2009), the production of feed
both in quantity and quality does not meet the needs of animal husbandry, which is a
consequence of low efficiency of feed use, their overspending, high feed capacity of a
unit of production. In this regard, the problem of innovative development of feed
production and improving the efficiency of animal husbandry on this basis requires a
detailed study, taking into account theoretical, methodological and practical aspects.
Also, in the context of global warming and a decrease in the level of summer precipitation,
there is an increasing need to study the intensification of forage crops and provide
livestock with high-quality feed.
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The purpose of this article was to establish the influence of agroclimatic features
and technological factors on the intensity of forage crop cultivation in the conditions of
eastern Ukraine.

Materials and methods. The object of the study is the process of functioning of
the feed production industry, both in Ukraine as a whole and in a separate enterprise, in
the context of global climate change.

The theoretical and methodological basis of the research is a set of methods,
approaches, principles of scientific knowledge, fundamental provisions of agrobiology of
forage crops, scientific developments on the formation of effective feed production and
justification of directions for improving the efficiency of forage crops in the context of
climate change.

The article uses the method of analysis and synthesis, abstract-logical (formation
of theoretical generalizations and conclusions), economic-mathematical, statistical,
comparison and generalization. The theoretical and informational base of the research
consists of the works of domestic scientists, analytical reviews of experts, as well as
statistical information on the dynamics of the formation of the feed production industry.

Additional surveys were carried out in the state of emergency "Agro-Novoselovka
2009" in 2021, 2022 and 2023 on the sown areas of fodder, grain and industrial crops.
The effectiveness of fodder and grain crops under various agroclimatic conditions was
studied.

Research results. According to the World Meteorological Organization (WMO,
2019), since the 80s of the last century, every decade has been warmer than the previous
one and this trend will continue in the future. The annual global temperature in 2019 was
1.1°C higher than the average for 1850-1900).

Today's warming trend is of particular importance, as much of it is the result of
human activity since the mid-twentieth century and has been occurring at a rate
unprecedented for decades to millennia.

Global climate change over time has coincided with population growth over the
past century, leading to a significant increase in food demand. The United Nations
predicts that the world's population will reach 9.7 billion by 2050, 10.8 billion by 2080,
and 11.2 billion by 2100. While these projections do suggest a slowdown in global
population growth, Africa and South Asia are expected to grow significantly and steadily:
by 2100, these two regions may well be home to a population of 9 billion out of the
projected 11 billion people on the planet. Driven by these important demographic forces,
demand for products is expected to increase significantly, especially in Africa and South
Asia (FAO, 2018). As noted by William Chutney (2019), climate change can cause food
shortages and, as a result, hunger in the world. According to UN FAO (2018) estimates
in 2017, more than 820 million people, about one in nine of the population, are still
malnourished.

Climate changes on a global scale have also affected the territory of Ukraine.
Since the beginning of the 80s and still in Ukraine, there has been a rather rapid trend
towards an increase in the average annual air temperature. So, according to the Ukrainian
hydrometeorological center, if the change in annual temperature in the northern
hemisphere of the Earth for 50 years has not yet reached 1 °C, then in Ukraine it has
increased by 1.4 °C. Over the past 20 years, the average monthly temperature in winter
has increased by 2-3 °C, which has led to a reduction in winter by almost a month. This
warming extends from south to North (Adamenko T. 1., 2023).

The average air temperature increased in the north-eastern and south-eastern sub—
regions of Ukraine by 2.7-2.8 °C, in the north — western-by 1.1-1.7°C. In accordance
with the increase in air temperature, the number of frosty days decreased by about 5-10%.
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Humidity increased by 10-25%. Smaller changes are observed in relation to precipitation:
for them, the trend values are outside the 90% significance level. In Crimea, the trends of
temperature and humidity changes were the same as for the mainland regions, but their
absolute value was less, which is probably due to the influence of the Black Sea. Every
10 years in the regions of Ukraine, on average, there is an increase in temperature by 0.3—
0.4 °C, that is, over 30 years — by 1 °C. According to scientists of the Institute of Botany
of the National Academy of Sciences of Ukraing, this can lead to a shift of natural zones
by 160 km (Lyakhu D. S., 2024).

According to the Ukrainian hydrometeorological center (2019), warming will
continue until 2030. the temperature will rise by an average of 0.2-0.3 °C. At this rate of
warming in Ukraine in 2030, it will be possible to grow crops in the southern regions only
if the irrigation system is restored, since droughts will constantly recur. By 2050, a 2 °C
increase in temperature could lead to desertification in the southern regions. These
changes significantly affect the development of feed production and the provision of feed
to farm animals.

Due to a significant reduction in the acreage under forage crops in recent years,
the dynamics of forage crop production in Ukraine is generally negative (Table 1).

Table 1
Area of agricultural crops in Ukraine, min. Ga

Indicators 2000 2005 2010 2015 | 2021
Agricultural crops, total 27,1 26,0 26,9 26,9 28,6
Grain crops and legumes 13,6 15,0 15,1 14,7 16,0
including wheat 531 6,18 6,13 6,69 6,91
corn 1,36 1,71 2,71 4,12 5,52
Technical crops 4,18 5,26 7,29 8,35 | 9,24
including sugar beet, thousand 856 652 501 937 997
hectares
sunflower 2,94 3,74 457 | 511 | 6,62
Fodder crops 7,06 3,73 260 | 1,99 | 153
including feed corn 1,92 0,77 0,47 0,31 0,21

Thus, in Ukraine there is a trend inherent in countries with highly developed
agriculture, where the increase in crop production is achieved through more intensive use
of land resources, which ensures an increase in crop yields.

Over the past 20 years, the structure of sown areas of agricultural crops has
changed significantly. Their total area increased by 1.5 million square meters. ha or by
5.5 %. The area under grain crops increased by 2.4 million hectares. ha or 17.6 %, wheat
by 1.6 million. ha (30.1 %), corn — from 1.36 to 5.52 million hectares. ha or 4.0 times.
Over the years, the area of industrial crops has increased 2.2 times. However, the area
sown with sugar beet decreased from 856 to 227 thousand hectares, or 3.7 times, and
sunflower — increased by 3.7 million. ha or 2.3 times. Over the years, the number of farm
animals has almost halved. Accordingly, the area of forage crops sown decreased from
7.0 to 1.53 million hectares. ha or 4.8 times, including the area of fodder corn decreased
from 1.9 million hectares. ha up to 0.21 or 9 times.
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Table 2
Structure of acreage in Ukraine, %

Indicators 2000 2005 2010 2015 2021
Rural culture- 100,0 100,0 100,0 100,0 100,0
household
Grain crops 50,2 57,6 56,0 54,8 56,0
and legumes
Including wheat 39,0 41,2 40,7 45,4 43,2
corn 10,0 11,4 18,0 28,0 34,5
Technical crops 15,4 20,2 27,1 31,0 32,3
Including sugar beet, 20,4 12,4 6,9 2,8 2,5
thousand hectares
sunflower 70,3 71,2 62,7 61,1 71,6
Fodder crops 26,0 14,4 9,6 7,4 5,4
Feed corn 27,2 20,7 18,2 15,5 13,9

Under the influence of market conditions, external and internal food situations,
the ratio of acreage in Ukraine has changed significantly in recent years. That is, there
have been significant changes in the structure of acreage not in favor of crop rotations
and the feed production industry. Most Ukrainian scientists believe that in the structure
of sown areas, fodder should be 50-60 % (Sprynchuk N. A., Voronetskaya I. S., 2022,
Shapoval I. S.; Veklenko Yu.a., Kravchenko V. P., 2024).

In 2000, cereals accounted for 50.2%, technical 15.4%, and fodder 26.0% of
arable land. However, over the years, prices for cereals and technical crops (except sugar
beet) have significantly increased, and the number of animals has significantly decreased.
Therefore, in the total structure of sown areas, the area of industrial crops increased in
2021 to 32.3%, including the share of sunflower increased from 8.4% to 23.1%. The
percentage of forage crops decreased from 26.0% in 2000 to 9.6% in 2010 and to 5.4%
in 2021.

As noted by leading scientists of the Institute of feed and Agriculture of Podillia
of the National Academy of Agrarian Sciences of Ukraine Sprynchuk N. A. (2022),
Korniychuk O. V., Petrichenko I. V. (2022), over the past decades in the field of animal
husbandry of the leading countries of the world have undergone extremely high rates of
transformation, called "revolution in animal husbandry”. This was accompanied by
significant technological innovations and structural changes in this sector. At the same
time, millions of rural residents continue to keep animals within traditional production
systems, which helps to ensure the livelihood and food security of the state, to a large
extent inherent in the modern Ukrainian Village.

Does this trend of rapid reduction of forage land correspond to the modern needs
of animal husbandry, especially cattle breeding? This question can only be answered by
analyzing the structure and productivity of the feed wedge in a particular enterprise.

An example of a modern medium-sized agricultural enterprise is the private
enterprise "Agro-Novoselovka 2009" of Novovodolazhsky district, Kharkiv region. It is
located south-east of the Regional Center on the border of forest-steppe and steppe natural
zones and has a meat and grain specialization. The total land area of the enterprise over
the past three years has been unchanged at about 3 thousand hectares, and the area of
crops increased from 2553 hectares in 2021 to 2753 hectares in 2022, in 2023 the area of
agricultural land was 2888.4 hectares, hayfields 29.9, pastures 105.5 hectares. The
number of cattle increased in three years from 564 to 713 heads, or 26.4%, while the
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number of pigs had a steady tendency to increase from 2,875 to 6,634 heads, or 2.3 times.

The company uses scientifically verified and tested 7-field crop rotations and
effective agrotechnical techniques in crop production, thanks to which the genetic
potential of varieties and hybrids of agricultural crops is realized.

Crop rotation is quite a powerful tool that allows you to solve many problems,
both agronomic and economic. In modern agriculture, with the deepening of the processes
of specialization and concentration of production, the role of crop rotations increases
(Senik 1. 1., 2020). Neither fertilizers and irrigation, nor pesticides used in the cultivation
of agricultural crops, do not allow you to completely get rid of weeds, pests and diseases.
Moreover, the better the land is fertilized and irrigated, the more favorable conditions are
created for the development of weeds and diseases.

Of course, not all cultures are demanding of their rapid return to the same field.
For example, corn, millet, buckwheat can be grown even for several years in a row
without significantly reducing the yield. But repeated sowing of peas, sugar beet, wheat,
barley, oats can have a very negative impact on the harvest. But they respond well to
proper placement in crop rotation and the choice of a predecessor.

The use of nine different crops at the enterprise makes it possible to select the best
and best predecessors (Table 3).

Table 3
Indicators of crop production development of PE "' Agro-Novoselovka 2009"
) 2021 2022 2023
Field crops
ha c % | ha c % | ha c %
Cereals and
legumes, total 1778| 83427,7 69,6 1936| 77567 | 72,2| 1867 82199 | 67,6
including winter
wheat 849 | 34228,3 33,3] 1029| 42970,6| 38,4| 567 |24927,6| 20,6
spring wheat - - - | 214 | 7146,6 |8,0 | 468/13886,8 17,0
winter barley - - - 10 5226 | 0,4 | 106| 2549,4| 3,9
spring barley 277 | 8092,8| 10,8] 223 | 6221,8 |83 | 132|44852| 48
corn for grain 460 | 37812,6| 18,00 351 | 17533,6| 13,1| 411|30475,8] 14,9
peas 192 | 3294,0| 75| 109 | 31718 |4, 183 | 5874,8| 6,6
Technical crops,
total 669 | 9981,7| 26,2 617 | 125439 23,0] 679]12120,1| 24,6
including
sunflower 669 | 9981,7| 26,2 617 | 125439 23,0| 647]11886,7| 23,5
mustard 32 | 2334 | 12
Feed-total 106 | 31165,9 4,2| 127 | 29567,7| 4,7| 207492238 7,5
including corn for
silage and green
feed 83 | 30521,9 3,3| 127 | 29567,7| 4,7| 207|49223,8] 7,5
annual herbs - - - - - -
perennial grasses
for hay 23 | 644 | 09| 36 | 1872 | 07| 56| 3808 | 0,9
Total crops 2553 100| 2706 - 100| 2819 - 100
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The total area of Zeon and leguminous crops sown over the past three years has
not changed significantly, in 2022 it increased by 8.9 %, in 2023 only by 5.0% compared
to 2021. however, it should be noted that the area of winter wheat sown in 2022 increased
by 180 hectares or 25% compared to 2021. And this is quite logical, because in the spring
of 2022, due to Russian military aggression, it was extremely difficult or even impossible
to conduct a spring sowing campaign (this includes direct military operations near the
farm, and a lack of fuel, fertilizers, herbicides, etc.). In this regard, in 2023, the area of
winter wheat sown decreased by almost 2 times compared to 2022, while the area of
spring wheat, on the contrary, increased by 2 times and reached 416 hectares. The area
sown with spring barley decreased in 2022 by 54 hectares, in 2023 — by 145 hectares or
2 times. The sown area of industrial crops, namely sunflower, in 2022 decreased by 52
hectares (8.4 %), in 2023 increased by 30 hectares. As for the area of forage crops, it
had a positive trend for animal husbandry, that is, it increased in 2022 by 19 hectares, in
2023 by 101 hectares or 2 times compared to 2021. The area of corn increased 1.5 times
in 2022, and 2.5 times in 2023, and the area of perennial grasses per hay (alfalfa) increased
1.5 and 2.4 times, respectively. This made it possible to increase the harvesting of silage
in 2023 by 1.6 times and hay in 2022 by 3 times , in 2023 by 6 times.

Analyzing the structure of the area of crops, it should be noted that in 2021 the
percentage of grain and leguminous crops was 69.6%, technical — 26.2%, fodder — 4.2 %.
In 2022, their ratio did not change significantly and amounted to 72.2, 23.0 and 4.7%,
respectively. In 2023, the same trend was observed, with the exception of a significant
increase in the share of forage land by 90%, and the ratio was 67.8, 24.7 and 7.5 %. The
share of winter wheat has changed significantly. So, in 2021 it was 33.3%, in 2022 it was
33.3%. it increased to 38.4%, and in 2023, due to the impact of force majeure factors of
the war and the inability to hold the autumn sowing of 2022, it decreased by 2 times to
20.6%. The percentage of spring wheat, on the contrary, doubled from 8.0% to 17.0%. In
the structure of crops, spring barley halved, from 10.8% in 2021 to 4.8% in 2023. it should
be noted a positive trend of a steady decrease in the share of industrial crops, namely
sunflower, from 26.2% in 2021 to 23.0% in 2022, and to 24.7% in 2023. on the contrary,
the share of fodder areas increased from 4.2% in 2021, to 4.7% in 2023. 2022 and up to
7.5% in 2023, which is positive for feed production and providing animals with feed.

So, thanks to this ratio of areas of individual crops and 7-field crop rotation, all
crops were provided with excellent predecessors. So, winter wheat was sown after
legumes (peas), perennial legumes and corn for silage. However, their area for the entire
area of wheat sowing was not enough, so for the second part, the predecessor was corn
for grain with manure application at the rate of 10 t/ha. It should be noted that the state of
emergency "Agro-Novoselovka 2009" contains about 700 heads of cattle, which annually
produces about 4500-5000 tons of manure for crop production. However, it is not possible
to make the 10t/ha of manure indicated in the technological maps for all crops, since the
company has only 2,800 hectares of crops. Therefore, manure is applied under
undesirable precursors in order to enrich the soil with nitrogen.

Corn does not belong to crops that are very demanding of their predecessors, it
grows best after winter crops, legumes, perennial grasses, buckwheat. The best precursors
for alfalfa are winter and early spring crops, such as wheat, barley, and oats. They leave
the soil in a clean phytosanitary state, which contributes to better rooting of alfalfa
(Kamenshchuk B. D., 2020).

It should be noted that a negative factor is the presence of 23-26% of sunflower
seeds in the structure of the company's acreage. That is, it indicates that the Sunflower
returns to its field every four years. There is one very important rule: sunflower seeds, in
crop rotation, must be returned to their previous place no earlier than six to eight years
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(Butko V. Ya., 2014).

Therefore, it is necessary to place sunflower seeds in crop rotation after crops that
usually leave a little nitrogen in the soil. Such precursors can be winter cereals. Excess
nitrogen can cause overgrowth and delayed maturation of sunflower seeds, which is
highly undesirable. As a rule, it is optimal for sunflower in the crop rotation to allocate
one field in such a way that it is returned to this field no earlier than in 4-5 years, and if
there is winter rapeseed and sugar beet in the crop rotation — in 7-8 years. Thanks to this,
it is possible to almost completely avoid the defeat of crops by diseases and pests.

But if you grow sunflower seeds every 2-3 years, a variety of parasites
(broomrape, white and gray rot, powdery mildew, etc.) spread significantly. This leads to
a decrease in yield and deterioration of seed quality. Corn (both for silage and grain),
winter wheat, spring ears, and legumes do not use the moisture of deep soil horizons, so
these crops are the best as precursors for sunflower (Petrenko S. D., 2021).

The advantage of sunflower as a precursor for other crops is determined by the
climatic conditions during its cultivation. In regions where there is a large amount of
moisture, it is considered a fairly good precursor for winter wheat, as well as for other
winter cereals. This plant permeates the soil with its powerful roots, which creates
favorable conditions for the next crop to assimilate a large volume of soil. In the field,
sunflower leaves approximately 7 t / ha of dry organic mass of plant residues, they must
be crushed and embedded in the soil so that the next crop can use nutrients. Sunflower
plant residues contain a significant amount of magnesium and potassium, which is why
subsequent crops, in most cases, do without potash fertilizers, but instead, after sunflower,
almost completely exhausted reserves of nutrients (especially nitrogen) and moisture
reserves (Petrenko S. D., 2021).

The most important criterion for evaluating fodder and grain crops is their feed
value based on 1 ha (table. 4). The most effective crop in terms of nutrient yield in all
years was corn for grain. The company uses a high-yielding early-maturing hybrid of corn
Kharkiv 195 MV. For its sowing, the required rate of manure of 10 tons and mineral
fertilizers NeoPsoKoo Was applied per hectare. Thus, in 2021, with a yield of 82.2 c/ha,
the yield of feed units from 1 ha was 106.0 C, and crude protein 731.6 C. In second place
in terms of the yield of feed units was corn for silage (99.3 C) with a yield of 367.7 c/ha
of green mass.

Table 4
Nutritional indicators of grain and fodder crops crop production
PE "Agro-Novoselovka 2009", C

2021 2022 2023

Crops c/ha | f.u/ha| cr.pr/hal c/ha | f.u/ha | cr.pr/hal c/ha| f.u/ha |cr.pr/ha

winter wheat 40,3 | 476 | 4879 | 418 | 493 | 4289 | 440/ 519 | 4514

spring wheat - - - 334 | 394 | 342,7 | 29,7] 350 | 304,7

winter barley - - - 52,3 | 62,8 | 5387 | 24,1| 289 | 2482

spring barley 29,2 | 336 | 280,3 | 27,9 | 32,1 | 2678 | 340 391 | 3264

corn for grain 82,2 | 106,0| 731,6 | 50,0 | 64,5 | 4450 | 742| 957 | 6604

peas 172 | 205 | 326,8 | 29,1 | 34,6 | 5529 | 32,1| 38,2 | 609,9
corn for 367,7 | 99,3 | 786,9 | 232,8| 62,9 | 4982 |237,8 64,2 | 5089
silage and feed

perennial

58,0 | 29,6 | 696,0 | 52,0| 26,5 | 624,0 | 68,0| 34,7 | 816,0
grasses for hay
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The third place was taken by winter wheat (47.6 centners per unit/ha) and spring
barley — 33.6 centners per unit/ha. The last place was occupied by legumes, perennial
grasses for hay (alfalfa) — 29.6 C and peas — 20.5 C. In terms of crude protein yield (SP),
corn for silage — 786.9 and for grain-731.6 C K/Ha was in the first place. In second place
were perennial grasses for hay 696.0 C with a yield of 58.0 c/ha. The third place was
taken by winter wheat (487.9 C). And on the last one — peas (326.8 C) and spring barley
(280.3 C).

In 2022, crop productivity was affected by many force majeure factors of martial
law and objective factors affecting climate change. However, due to the noted factors of
influence, no manure was applied for spring crops, and mineral fertilizers were applied
only in the form of top dressing at the level of N30P30K30. The yield of winter wheat
and barley sown in autumn 2021 turned out to be quite high due to favorable weather
factors in winter, and amounted to 41.8 and 52.3 C/ha, respectively. However, critically
difficult spring and summer cultivation and top dressing of plants led to a decrease in the
yield of spring and fodder crops. Thus, the yield of spring wheat decreased to 33.4 C/ha,
corn for grain to 50.0 c/ha (by 64.0%), corn for silage to 232.8 c/ha (by 58.2%), perennial
grasses for hay to 52.0 c/ha (by 11.5 %). Accordingly, the yield of nutrients from 1 ha of
crops also decreased, which led to changes in the ratio between individual crops in terms
of their efficiency. Thus, the first places in terms of the yield of feed units per hectare of
area were traditionally occupied by corn for grain (64.5 C) and silage (62.9 C) and spring
barley (62.8 C). The second place was taken by winter wheat — 49.3 C, the third — spring
wheat (39.4 C) and peas (34.6 C), and the last place was taken by perennial grasses for
hay 26.5 C K/ha. The highest yield of crude protein per hectare, on the contrary, was
observed in perennial grasses for hay 624.0 C, in second place due to their high yield
were peas (552.9 C) and spring barley (538.7 C). The third place was taken by corn for
silage (498.2 C) and grain (445.0 C). And in last place were spring wheat (342.7 C) and
barley (267.8 C).

In 2023, 10 tons of manure and mineral fertilizers NsoPsoKoo Were applied for grain
crops. However, crop production in eastern Ukraine was significantly affected by the
weather conditions of the summer period, such as insufficient precipitation and elevated
temperatures. It should be noted that most crops have increased their yields, including
winter wheat (by 2.2 centners/ha), spring barley (by 6.1 centners/ha), and perennial
grasses (by 16 centners/ha), peas — by 3 centners/ha and corn for silage (by 5 centners/ha).
On the contrary, spring wheat decreased its yield by 3.7 c/ha, winter barley by 2.2 times
to 24.1 C/ha. Despite different weather conditions and the level of fertilizer application,
as in all years, the highest yield of feed units per hectare was 95.7 C. in second place was
corn for silage — 64.5 C, followed by winter wheat — 51.9 C, then spring barley, wheat
and peas. The lowest yield of feed units was obtained from perennial grasses for hay 34.7
C, and crude protein per hectare of area — on the contrary, the largest 816 C. in second
place were corn for grain (660 C) and peas (609 C), corn for silage 509 C. the lowest
amount of crude protein per hectare was determined for spring wheat and barley grains.

As a result, we note that the most effective forage crop for three years, under
various conditions, even under adverse weather conditions, was the hybrid corn Kharkiv
195 MV, both for silage and grain.

Discussion. The analysis showed that over the past 20 years, the structure of sown
areas of agricultural crops has changed significantly. Thus, the area of grain and
leguminous crops increased slightly by 17.6%, and the area of sunflower by 2.3 times,
and in the structure of crops from 11.0% in 2020 to 23.2% in 2021. in contrast, the area
of fodder crops decreased during this period from 26.0% to 5.4%, which is a negative
factor for the development of animal husbandry. Scientists, based on monitoring the state
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of development of feed production in Ukraine, claim that in the field of crop production
in the future there is a negative trend towards reducing the area under forage crops
(Ambrosov V. Ya., 2009). However, according to N. A. Sprynchuk (2020), there is a
tendency to increase crop production in Ukraine due to more intensive use of land
resources and an increase in crop yields.

In recent years, Ukraine has seen an increase in the average annual temperature
and a sharp increase in uneven precipitation throughout the year. As a result, the
frequency of repeated droughts and floods has more than doubled (Petrichenko V. F.,
2022). These changes significantly affect the development of feed production and the
provision of feed to farm animals.

Analysis of the average size (2816 ha) of the agricultural enterprise PE "Agro-
Novoselovka 2009" of Novovodolazhsky district, Kharkiv region confirmed the general
state trend of changes in the structure of sown areas. So, over the past three years, the
share of grain and leguminous crops was 67-72%, sunflower — 23.6-26.2%, fodder
increased from 4.2% to 7.5 %. This made it possible to increase silage harvesting in 2023
by 61.3% and hay harvesting by 6 times compared to 2021.

The company uses 7-full crop rotations and effective agrotechnical techniques in
crop production, so that good predecessors are selected for agricultural crops.
Unfortunately, the company has disadvantages due to the discrepancy between the areas
of the best predecessors and the rotation of crops, because the best predecessors are
chosen for more economically profitable crops, such as winter wheat, corn for grain and
sunflower. Another significant disadvantage is that the company does not have pure or
black vapors, which are the best precursors for winter wheat..

The most effective forage crop for three years under various conditions, corn for
both silage and grain, perennial grasses for hay (alfalfa) provided the lowest yield of feed
units per hectare, and crude protein, on the contrary, the largest amount. And in the
structure of acreage, they occupied less than one percent. However, according to
Petrichenko V. F. (2022) and Petrichenko I. V. (2013), perennial legumes in the structure
of sown areas of forage crops should occupy 50-55% and their characteristic feature is
that they can grow on various types of soils, including low-fertile and eroded.

When selecting perennial grasses for sowing, it is necessary to pay attention to
their yield and feed value. In studies by Kulik M. et al. (2024), millet (56.0 t/ha) and
perennial sorghum (53.6 t/ha) had the highest biomass yield in forest-steppe conditions.
However, it should be noted that grass mixtures of three or four components have an
advantage over single-component ones. According to the NSC "Institute of Agriculture
of the National Academy of Sciences", the highest yield was provided by alfalfa-runoff
mixture, namely (on average for four years): single-species alfalfa sowing — 7.84 t / ha;
alfalfa + eastern fescue-9.32 t / ha; alfalfa + gryastitsa combined-8.82 t/ha; alfalfa +
stoeless runoff — 10.3 t / ha of dry matter (Kukharchuk P. 1., Slyusar S. M., 2017).

The most common grass mixtures, as in the western and northern parts of Ukraine
as a whole, were and are mixtures of oats with legumes, most often with spring vetch
(Hetman N. Ya., 2023, Lekhman A.V. et al., 2023). This is confirmed by V. F.
Petrichenko (2022), who notes that it is advisable to grow two-and three-component
legume-cereal-cabbage mixtures using oats with cabbage or legumes, which in the
structure of crops of annual fodder crops should occupy at least 65-70 %.

In turn, N. Ya.Getman and L. M. Burko (2023) add that in the conditions of the
central forest-steppe of Ukraine, alfalfa sown for three years of life and 2 years of use is
able to fix 735 kg/ha of nitrogen from the air, enriching the soil by 598 kg/ha with
nitrogen. During spring coverless sowing in two slopes, alfalfa captures 173 kg/ha of
nitrogen from the air, leaving it in the soil 148 kg/ha. Also, the results of the study of the
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nitrogen-fixing ability of alfalfa and increasing soil nitrogen saturation are confirmed by
Olifirovich V. F., Veklenko Yu.a. (2022). Didur I. M., Shevchuk V. V. (2020) prove that
legume-rhizobial systems capture 40 to 300 kg of nitrogen per 1 ha of crop each year
from the atmosphere.

Studies of Rudavskaya N. M. and Oyster Mushroom V. V. (2018) found that on
average for two years of using the grass stand, the highest yield (9.0 t/ha of dry weight)
was provided by legume-cereal grass mixture, fertilized normally N60P60K90 with seed
treatment with rhizobophyte and polymyxobacterin biologics.

Summing up the above, we can make suggestions for improving crop rotations in
general, and feed production in particular. The company needs to introduce mandatory
pure or black pairs in the amount of 10-15% of the sown area into the structure of sown
areas, in conditions of climate change, increase the feed wedge to the desired minimum
10-15%, especially in conditions of climate change, it is desirable to increase the area of
sowing perennial grasses inside the feed areas, as well as use two-or three-component
(legume-cereal) feed mixtures with the proportion of legume grasses at the level of 50-
60 %.

Conclusions: Based on the conducted studies to establish the influence of
agroclimatic features on the intensity of forage crop cultivation, the following conclusions
can be drawn:

1. Research has established that over the past 20 years in Ukraine, the structure of
sown areas of agricultural crops has changed significantly. Their total area increased by
1.5 million square meters. ha or by 5.5 %. The area under grain crops increased by 2.4
million hectares. ha or 17.6 %, wheat by 1.6 million.ha (30.1 %), corn — from 1.36 to 5.52
million hectares. ha or 4.0 times. Over the years, the area of industrial crops has increased
2.2 times. However, the area under sugar beet cultivation decreased from 856 to 227
thousand hectares, or 3.7 times, and the area under sunflower increased by 3.7 million
hectares. ha or 2.3 times.

2. Itis proved that in the structure of acreage in Ukraine in 2000, cereals accounted
for 50.2 %, technical 15.4%, fodder 26.0%. However, over the years, prices for cereals
and technical crops (except sugar beet) have significantly increased, and the number of
animals has significantly decreased. Therefore, in the total structure of sown areas, the
area of industrial crops increased in 2021 to 32.3%, including the share of sunflower
increased from 8.4% to 23.1%. The percentage of forage crops decreased from 26.0% in
2000 to 9.6% in 2010 and to 5.4% in 2021.

3. The analysis of the state of feed production in PE "Agro-Novoselovka 2009"
Novovodolazhsky district, Kharkiv region over the past three years is carried out. It is
established that the company uses scientifically verified and tested 7-field crop rotations
and effective agrotechnical techniques in crop production, thanks to which the genetic
potential of varieties and hybrids of agricultural crops is realized.

4. Analyzing the structure of acreage in the enterprise, it was found that the area
of grain and industrial crops has practically not changed over the past 3 years, and the
area of fodder crops has increased from 4.2% to 7.5%. However, sunflower seeds have a
critical amount (23-26% of the total area sown) for the formation of optimal crop
rotations.

5. Analysis of crop productivity showed that corn for both silage and grain proved
to be the most effective forage crop in three years, under various conditions, even under
adverse weather conditions. And in terms of raw protein yield, perennial grasses for hay
were the most effective.

6. To effectively overcome the negative factors of changes in climatic conditions
and the structure of acreage, the company is proposed to introduce mandatory pure or
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black pairs in the amount of 10-15% of the acreage into the structure of acreage, in the
conditions of climate change, increase the feed wedge to the desired 10-15%, and inside
the fodder areas it is desirable to increase the area of sowing perennial grasses, as well as
use two-or three-component (legume-cereal) feed mixtures with the proportion of legume
grasses at the level of 50-60%.
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This article contains the results of the authors ' review of the publicly available
literature devoted to the problem of alternative (except for traditional textile) use of sheep
wool in various areas of production. It reflects the decline in total wool production and
purchase prices for it, as well as outlines the relevance for the development of the sheep
industry of finding alternative ways to use it. It is shown that due to its specific physical
and technical properties, wool is increasingly used as an environmentally friendly
material for the manufacture of composite new building materials-heat and noise —
insulating materials, plaster, bricks, concrete. It is also used as mulch and agrofibre
substitutes in agricultural technologies for growing grain, vegetable crops, berries and
sugar beet, as well as in Horticulture, Forestry and landscape gardening. At the same
time, in new materials and technological processes made with the use of wool, heat and
sound insulation and mechanical properties (building materials) are significantly
improved, yield (crops) increases and the temperature and biological regime of the soil,
its saturation with nitrogen, carbon and some minerals improves. Wool, as a natural
product that is subject to the action of biodegradation processes, contributes to the
greening of production and reducing its energy intensity.

Keywords: alternative use, sheep wool, building materials, energy and eco -
efficiency.
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Lana cmammsa micmumo pe3yibmamu 8UKOHAHO20 ABMOPAMU 027510V HASAGHOL Y
8I0OKpUmMoMy 0ocmyni imepamypu, wo npucésyeHa npooiemi aibmepHamueHo2o (Kpim
Mpaouyitinoco MeKCMuUIbHO20) BUKOPUCTNAHHA 06€40i B06HU 6 PpI3HUX cepax
8UpoOHUYMEa. B Hill 8i000pajiceno 3HUIMCEHHS 3A2ANbHO20 BUPOOHUYMBA BO6HU MA
3aKyNi6eNbHUX YIH HA Hel, a MAaKodC OKPeCleHO aKmyanibHiCmb OAs PO36UMK) 2alY3i
8I8YAPCMBA NOWLYKY AlbMEPHAMUBHUX WIAXI8 iT gukopucmanns. Ilokasano, wjo 3a805aKu
c80imM  cneyu@iuHum  PI3UKO-MEXHIYHUM — IACMUBOCMIAM, B068HA 6Ce  Ollbule
BUKOPUCMOBYEMBCA 8 AKOCMI eKONO2IUHO HUCMOo20 mamepiany OJisi 8U2OMOGIeHHs
KOMNO3UYIUHUX HOBUX 0Y0igeIbHUX Mamepianié — menio- ma WYyMOI30I00YUX
Mamepianis, wmykamypku, yeaau, bemony. Taxod 3Haxo0ums 3acmocy8anHs 8 AKoCmi
MYNb4l ma 3aMIHHUKIE A2POBOJIOKHA 6 a2POMEXHONIO2IAX 6UPOWYEAHHS 3EPHOBUX,
080UesUX KYIbmyp, A2I0 I YyKposux OYpsKie ma 6 cadi@HUYmsi, 1ic0gOMy i cad080-
aanowagpmmuomy 2ocnooapcmsi. Ilpu yvomy, y Hogux mamepianax ma mexHo102i4HUX
npoyecax, BUKOHAHUX 3 GUKOPUCMAHHAM 606HU, 3HAYHO NOKPAWYIOMbCA Menio- i
38YKOI30AYIHI ma Mmexauiuni enacmusocmi (06yoigenvHi mamepianu), 30i1bULYEMbCA
8POJICAUHICMb (CIILCHKO2OCNOOAPCHKI KYIbMYPU) ma nOKpaujyemvcs memnepamypHo-
B0NI02IYHULL  PEeNHCUM 2PYHMY, U020 HACUYEHICMb a30MOM, GyeleyeMm ma OesKuUMU
MiHepanvHumMu peuosunamu. Bosna o, ax HamypanbHuti npooykm, wjo nionaoae oii
npoyecie 6iodepeadayii, cnpusie eKono2izayii BUPOOHUYMBA MA 3HUNCEHHIO U020
EeHepPCOEMHOCII.

KuarouoBi cioBa: anprepHaTHMBHE BUKOPHUCTAaHHS, BOBHA OBEllb, OyiBENbHI
Mmarepiajiu, eHepro- Ta eK0e(eKTUBHICTb.

Introduction. Sheep wool is a unique renewable natural product, which is a
substitute raw material resource for the development of the textile industry. Low thermal
conductivity, roll capacity, hygroscopicity, elasticity and and strength firmness — this is a
complex of physical and technical properties that is inherent only in natural wool fibers.
Due to these properties, sheep wool has acquired a variety of uses. In the structure of its
world production, fine wool accounts for 40-45%, semi — fine wool — 25-30%, semi-
coarse and coarse wool-30-35%. At the same time, 2/3 of its total volume is used for the
manufacture of clothing, and 1/3 — for carpet, non-woven (felted) products and technical
purposes. Total wool production in 2023 in the world amounted to 1 million tons. 746
thousand tons, and in the dynamics over the past 10 years, there is a decrease in this
indicator by 305 thousand tons, or by 14.9 % (according to FAO statistics, 2023).
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This state of production is primarily due to a decrease in purchase prices for
unwashed and washed sheep wool, due to competition in the market from cheaper
synthetic fibers. Over a ten-year period, these prices in one of the leading countries
producing high — quality sheep wool — New Zealand-decreased by almost 1.6 times (from
3.1 to 1.97 thousand $/ton), in Europe-by 2.5-5 times (Hungary, Poland, Germany). The
price per ton of wool in Ukraine also decreased by 2.1 times. This situation encourages
producers to change the specialization of the sheep industry to produce lamb and Lamb,
as well as milk and other products. In this regard, there is an increasing interest in
breeding sheep breeds that are characterized by a reduced ability to form runes and, as a
rule, produce low-quality wool, which has a low purchase price and is not in demand in
the textile industry. Along with this, the search for ways to reduce the cost of production
of sheep products by reducing energy consumption when creating sheep breeding
facilities has become relevant.

Authors (Berge, B., 2001; Korjenic A., Klari¢ S. et al., 2015) in their experimental
studies give the main directions for improving the efficiency of the livestock complex.
The researchers emphasize that sheep storage facilities don't have to be complex or
expensive. Therefore, preference is given to the reconstruction of existing livestock
premises in the direction of improving the technological efficiency and ergonomics of the
main production processes, as well as ensuring appropriate microclimate conditions and
comfortable keeping of animals. As an alternative to capital rooms for keeping sheep,
light structures and awning shelters are considered. This is not only about reducing energy
consumption and loss, but also about reducing the cost of construction or reconstruction
through the use of natural and locally available materials, including the products of the
sheep themselves, namely their wool. An important condition for creating livestock
production facilities is their environmental friendliness — minimal impact on the
deterioration of air and water quality, as well as soil cleanliness.

Against the background of the above - mentioned depreciation of wool, in the
system of measures to improve the efficiency of sheep production, in addition to finding
ways to reduce capital and current costs, there is also an urgent issue-expanding the range
of its application in various fields. Therefore, the purpose of this publication was to study
ways of alternative (except for the textile industry) use of sheep wool in other industries.

Materials and methods. The object of research was the directions and trends, as
well as the effectiveness of using sheep wool in various production areas. The research
was carried out by accumulating, analyzing and summarizing the data available in open
publications on the efficiency and prospects of using sheep wool in various production
areas. Systematization of primary information was carried out using bibliographic and
source analysis.

Research results. In the context of preventing global environmental challenges,
improving the ecology of building materials plays an important role. This problem is most
widely covered in the book™ The Ecology of Building Materials " (Berge B.,2001). From
the point of view of ensuring sustainable development, it shows the feasibility of wider
use of local environmentally friendly raw materials for the production of building
materials, which are easily processed and restored. These include wood, straw, biological
fibers, and sheep wool. At the same time, it is important that technologies with a low level
of energy consumption are used in the process of processing it. According to the author,
solving this problem requires scientific and intersectoral interaction. Therefore,
manufacturers ' interest in obtaining cheap new construction and thermal insulation
materials of organic nature is spreading in the world.

According to korjenic A., Klari¢ 1., Hadzi¢ A. and Korjenic S. (2015) the
construction industry accounts for up to 40% of CO2 emissions and is characterized by
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high energy intensity of production processes. Therefore, according to them, research
aimed at finding alternative renewable natural building materials can significantly affect
the reduction of these indicators.

In European countries, the importance of solving the problem of reducing
environmental challenges associated with building materials is emphasized by the
relevant directive - 2010/31/EC of the European Parliament and the European Council
(of 19 May 2010). It sets out the requirements that the building energy efficiency
certificate must contain information on the actual impact of heating and cooling on the
building's energy needs, as well as on primary energy consumption and carbon dioxide
emissions.

The use of wool waste as a new raw material in the construction industry,
according to Torring T., Sandvik K. (2000) is an excellent opportunity to create a closed
economy model, as it reduces the need for non-renewable resources, reduces the carbon
footprint, and is a resource-saving method for producing industrial components, which
can also play a significant role in energy conservation and reducing environmental
pollution.

Now, in order to effectively use wool as waste from agricultural production and
its use in other production areas, Midolo G., Valenti F. (2024), an organizational model
based on the Geographic Information System (GIS) is proposed for determining the
location and amount of waste (sheep wool) and sustainable management of the use of
these raw materials as a potential component of green building.

So, from the above-mentioned reports, it can be stated that a possible area of
widespread alternative use of wool is the construction industry.

Among the promising areas for improving the energy efficiency of buildings, first
of all, the issue of improving their thermal insulation characteristics through the use of
new insulation materials is considered. So, Korjenic A.; Petranek, V. et al. (2011) note
that thermal insulators made of natural materials are likely to become an acceptable
alternative to widely used boards made of various artificial materials (mineral wool,
polystyrene or polyurethane), since they are quite competitive in their technical and
technological characteristics. So Zach J., Korjenic A., Petranek V. et al. (2012) propose
to study sheep wool as an alternative thermal insulation biomaterial with good thermal
and acoustic properties to improve building comfort and reduce carbon emissions. The
use of this natural material in construction can also be useful for preserving human health.

The advantages of wool as a heat insulator are more clearly emphasized in the
message of Doroudiani S. et Omidian H. (2010) that expanded polystyrene, which is now
one of the most common thermal insulation materials in construction, poses serious
problems for environmental safety and human health, as it has an extremely high tendency
to burn and emits toxic fumes.

According to Korjenic A., Klari¢ 1., Hadzi¢ A. and Korjenic S. (2015), sheep
wool, evaluated by hygrothermal modeling and ecological balance methods compared to
mineral wool and calcium silicate, provides better physical, energy and environmental
characteristics of the thermal insulation material. At the same time , only 5.4 kg of CO-
emissions are generated per 1 M3 in the production of insulation from sheep wool, while
for mineral wool this figure exceeds 135 kg.

Ahmed A., Qayoum A., Qayoom Mir F. (2019), also consider sheep and goat wool
and horsehair (Mane) as possible environmentally and cost-effective insulation materials.
At the same time, they note the best hygroscopic properties of sheep and goat hair over
horsehair, which is due to the different structure and thickness of The compared fibers.
Goat hair was the lowest in terms of thermal conductivity among the compared materials.
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The results of tests of sheep wool indicate excellent performance of the material
not only in the development of construction thermal insulation elements, but also for
sound insulation.

According to Borlea (Muresan) S. 1., Tiuc A.-E., Nemes O., Vermesan H.,
Vasile O.(2020) materials obtained by simple hot pressing of wool are characterized by
high sound — absorbing properties with significant acoustic absorption coefficients-more
than 0.7 for the frequency range of 800 + 3150 Hz, and according to these characteristics,
sheep wool has comparable sound-absorbing properties to mineral wool or polyurethane
foam.

According to Parlato M.C.M. and Porto S.M.C. (2020), the use of sheep wool as
an alternative to insulation materials such as fiberglass, rock wool, polyurethane foam,
polystyrene provides significant benefits for sustainable development, reducing
production costs for the production of these materials and reducing environmental
pollution.

Research by Polish scientists (Kicinska-Jakubowska A. et al., 2023) prove the
high efficiency of multifunctional sound and thermal insulation materials from waste
natural protein and lignocellulose fibers in accordance with the principles of
bioeconomics. As natural materials, they studied the low-quality wool of local coarse-
wool sheep and a mixture of Bast fiber waste formed as a result of the manufacture of
ropes and ropes, which were connected in various proportions by needle punching in the
form of technical mats. An increase in the proportion of wool over Bast fibers helped to
improve the thermal insulation properties of products, while a large proportion of Bast
fibers gave products better barrier sound protection properties.

Also a number of scientists (Vasina M. et al., 2024) indicates the possibility of
using sheep wool in polymer composites in the manufacture of materials with noise - and
vibration-absorbing and electrical insulation properties. According to their data, the
addition of wool fibers to epoxy, polyurethane and polyester resins from 3 to 5% by
weight significantly improved their physical qualities.

In addition to the traditional use of wool for the manufacture of Textiles, Starkova
O., Sabalina A, Voikiva V. and Osite A. (2022) emphasize the possibilities of its
application in the process of reinforcing polymer composites for 3D printing.

Pederneiras C.M., Veiga R. and Brito J. (2019) focus on the feasibility of using
sheep wool for reinforcing mortars and, in particular, to increase the resistance of plasters
to cracking. According to their data, the use of cement and cement-lime mixture as
binders with the inclusion of 10% and 20% (by volume) wool fibers with a length of 1.5
cm and 3.0 cm increased the plasticity of mortars, and improved their mechanical
properties.

See Also Atbir A., Khabbazi A., Cherkaoui M. et al. (2023), investigating a new
thermal insulation material - a porous plaster reinforced with a multilayer thread base
made of sheep wool, note an increase in flexural strength in this material from 30% to
74% with a decrease in compressive strength from 48% to 71%. At the same time, the
density of the material decreased with increasing length of wool fibers.

In search of sustainable and environmentally friendly insulation materials,
Urdanpilleta M., Leceta 1., Martin-Garin A. et al. (2025) conducted a study of
biocomposites from sheep's wool included in a polymer matrix that bound soy protein by
sublimation drying with 7, 10, 15 and 20% by weight of wool. To protect these
biocomposites from insects, coffee grounds were added to the formulation. The new
insulation material was not inferior in thermal conductivity to other natural analogues and
showed high protective properties against keratophagous insects, especially against carpet
beetles.
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In addition to the above-mentioned building materials, sheep wool is also used in
the production of concrete.

Thus, the positive effect on the physical and mechanical properties of concrete
and sheep wool composites is noted in their publications Fantilli A. P., Sicardi S., Dotti F.
(2015) and Dénes O., Florea I., Manea D.L. (2019).

Research By Alyousef R., Alabduljabbar H., Mohammadhosseini H. et al. (2020)
and Alyousef R. , Mohammadhosseini H., Ebid A.A.K., Alabduljabbar H. (2022) also
found that adding up to 6% of sheep wool fibers with a length of 70 mm in the production
of fiber concrete reduced the shrinkage rates of fresh concrete, while reducing its
compressive strength. However, with a certain period of time, the tensile and flexural
strength of fiber concrete increased, which increased its ductility and ability to absorb
energy. The microstructure of concrete was characterized by a decrease in the size of
cavities. In addition, the addition of 2 % (in volume fractions) of fibers to Portland cement
reduced the sorption coefficient of the concrete composite and the depth of penetration of
chlorides into the mixtures.

Research By Abdul Awal A.S.M., Mohammadhosseini H. (2016). they prove that
not only natural sheep wool, but also carpet thread waste together with palm oil ash can
be effectively used in the production of concrete. Its technical characteristics-high tensile
and flexural strength (increased ductility), lower porosity, higher energy absorption
capacity ensures not only high quality as a building material, but also increases the
environmental cleanliness of production.

In addition to facing heat and noise insulation materials and plasters, concrete
production, natural sheep wool finds its application in the manufacture of bricks.

El Wardi F.Z., Ladouy S., Khabbazi A. et al. (2021) report that in the process of
manufacturing unburned clay bricks, light composite materials with lower thermal
conductivity and higher compressive and flexural strength were obtained by adding used
cork pellets and quicklime and sheep wool fibers to it in certain proportions than bricks
made using traditional technology. Clay-cork blocks reinforced with 30% lime content
and 2% sheep wool fibers had the highest thermomechanical indicators. They had a low
volume density of 583 kg/m3 and were characterized by increased thermal and
mechanical qualities.

Similar changes in the physical and mechanical properties of bricks made of clay
of various compositions were noted in their research by Galan-Marin C., Rivera-Goémez
C., Petric-Gray J. (2010). According to them, sheep wool added in optimal proportions to
its composition minimized shrinkage, reduced curing time and increased the compressive
and flexural strength of the finished product.

Parlato M.C.M., Cuomo M., Porto S.M.C.(2022). it is also proposed to use sheep
wool fibers as reinforcing components to clay in the manufacture of bricks. At the same
time, they note an increase in tensile strength, ductility, impact resistance, viscosity and
a decrease in shrinkage during brick drying.

According to Atbir A., Taibi M., Aouan B. et al. (2023), unburned solid bricks
based on white and red clay, made with the addition of sheep wool, have fairly high
thermal and mechanical characteristics and are characterized by a light specific gravity.
At the same time, the positive effect of wool admixture was significant on the mechanical
behavior of the developed materials after 90 days - in terms of flexural strength from 18
to 56% for white clay and from 8 to 29% for red clay. These mechanical characteristics
were accompanied by an increase in thermal conductivity from 4 to 41% for white and
from 6 to 39% for ore clay fractions.

Wool, due to its unique physical and technical properties, also finds its application
as components of mulch in the cultivation of various agricultural crops. Thanks to it, it is
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possible to control thermoregulatory processes and soil moisture, as well as enrich it with
nitrogen and other substances formed during the biodegradation of wool.

In this regard, Camilli F., Focacci M., Dal Pra A. et al. (2025) note that sheep wool
has great potential for use in agricultural production, as it has a high content of nitrogen,
carbon, sulfur and is characterized by a high ability to absorb water and retain moisture.
These properties help preserve the carbon content of the soil and increase its fertility, as
well as reduce the risk of water pollution due to the gradual decomposition and release of
nitrogen.

According to the research results of Gabrys T., Fryczkowska B. (2022), the use of
sheep's wool by mixing it evenly with the soil when growing indoor plants Chlorophytum
comosum better provided them with water and increased root system growth. At the same
time, individual fibers dispersed in the soil decomposed better than fibers that were
arranged in a layer at the bottom of the pot.

In the publication Broda J., Gawlowski A., Rom M. et al. (2024) reported a
comparative evaluation of the use of mountain sheep wool, straw, and bark as mulch in
strawberry cultivation. They experimentally proved the best thermoregulatory properties
of wool compared to other materials. Wool mulch minimized fluctuations between day
and night soil temperatures (fluctuations did not exceed 2-3 ° C in hot weather, which is
almost five times less than in the control area and twice as much as in straw and bark
mulch. In addition, the wool retained more moisture after precipitation (the mass of water
retained by the wool is several times higher than its own mass ). Wool, as a substance for
mulch, had a much longer period of biological decomposition than bark and especially
straw, and therefore can be used for a longer period. These advantages of wool
contributed to an increase in Strawberry yield.

By the same researchers (Broda, J., Gawlowski, A., Rom, M., & Kobiela-
Mendrek, K., 2023) it was found that during the growing season, nitrogen compounds
gradually enter the soil, and the nitrogen content in it clearly correlates with an increase
in the processes of dergadation of sheep wool introduced into it. The released wool
nitrogen had a positive effect on wheat growth at different stages of its development,
which was observed in the form of increased tillering, an increase in the height of stems
and provided an increase in yield.

In the publication Taskin M. B. (2024) it is reported that the introduction of sheep
wool and wool hydrolysate into the soil contributed to an increase in the yield of both
stem mass (by 40.2% and 52.1%) and sugar beet root crops (by 4.59% and 7.61%). At
the same time, an increase in the concentration of nitrogen, calcium, magnesium and
phosphorus in the stems of plants was found, both with the use of wool and its
hydrolysate, and the sugar content of beets from the specified technological method of
their cultivation did not worsen.

Studying the interaction in the plant — soil —micro-organisms chain, Juhos K.,
Papdi E., Kovacs F. et al. (2023) when growing bell peppers under laboratory conditions,
it was found that the effect of sheep's wool content in various soils (sand, loam, peat) on
biomass yields was significantly higher with less irrigation than when using agrofibre and
straw. The microbiological activity of the soil was also higher than the introduction of
wool, due to its better water retention capacity, which positively affected the yield of
pepper.

Similar studies on pepper cultivation (Capsicum annuum L.) was also performed
on soils of different composition — Sandy with a low content of organic substances and
coarse loams with a high moisture capacity, Papdi E., Veres A., Kovacs F., Juhos K.
(2022). They found that all irrigated areas where wool mulch was used were characterized
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by a higher carbon content in the soil, and loamy areas — and beta-glucosidase activity.
The use of wool mulch contributed to the formation of a higher yield.

To study the characteristics of tree growth and development, as well as the yield
and quality of gitea m plum fruits.A., Borza 1.M., Domuta C.G. et al. (2024) conducted
an experiment on the use of sheep wool mulch and conditioner for soil containing corn
starch. They found an increase against the control of plum yield by 27% in areas where
wool mulch was used and by 37% where a combination of wool and soil conditioner was
used, against the background of an increase to 48.9% by weight and from 5 to 19% by
fruit size.

As an alternative to vegetable mats made from coconut fibers, Herfort S., Pflanz
K., Larsen M.-S. et al. (2023) evaluated similar products with the inclusion of different
amounts of sheep wool in their composition when growing perennials for garden and
landscape design. Their studies revealed a 21-38-fold higher content of nitrogen in the
products and 1.5 - 1.8 — fold higher content of water. Perennial plants that were grown
using combined coconut-wool mats were characterized by better development and yield.

In addition to the use of wool as a mulch for the soil in the cultivation of
agricultural crops, it also finds its application in forestry.

The effectiveness of using a repellent made from sheep's wool to protect young
forest stands from damage to the tops of their shoots by deer was tested in Bernacka H
studies., Swigcicka, N., Naworska N. (2015). In forest stands that were not covered with
wool repellent, the area of damage caused by deer increased more than 4 times over three
years of the experiment. In this regard, the researchers concluded that it is advisable to
use sheep's wool to protect forest stands, as an alternative to their treatment with harmful
chemicals.

Another area of application of sheep wool, according to Szatkowski P., Tadla A.,
Flis Z. et al. (2022), is the production of thermally insulated, eco-friendly packaging,
which is characterized by complete biological theft. The experimental packaging
produced by them by injection molding was not inferior in thermal insulation
characteristics to its expanded polystyrene analogues, and the introduction of wool fibers
accelerated the process of its biodegradation in laboratory-modeled natural conditions.

Discussion. Analysis of the state of wool production and the dynamics of purchase
prices for it in the world and in Ukraine indicates a decrease in both the total volume of
its production and demand for it. This is one of the reasons for finding alternative
production areas for this natural, renewable product than the textile industry. Research by
many scientists also shows increased attention to the problem associated with the use of
sheep's wool waste to solve environmental problems (Torring T., Sandvik K.,2000;
Parlato M. C.M. and Porto S.M.C. , 2020; Parlato M.C.M., Porto S.M.C., Valenti F.,
2022; Juhos K., Papdi E., Kovacs F. et al., 2023; Midolo G., Valenti F., 2024).

According to a number of publications, there is an increase in research aimed at
evaluating the effectiveness of using sheep's wool in the manufacture of new building
materials — heat and noise insulation, plaster, brick, concrete (EI Wardi F.Z., Ladouy S.,
Khabbazi A. et al., 2021; Alyousef R., Alabduljabbar H., Mohammadhosseini H. et al.,
2020 and Alyousef R. , Mohammadhosseini H., Ebid A.A.K., Alabduljabbar H., 2022) ,
as well as studies related to the use of wool in agricultural technologies and forestry in
the cultivation of various crops (Camilli F., Focacci M., Dal Pra A. et al., 2025).

At the same time, Corscadden, K. W., Biggs, J. N., & Stiles, D. K. (2014) note
that the choice of materials in production has the nature of trade-offs between their
characteristics, properties, Environmental Impact, Sustainability, availability, and cost-
effectiveness. The desire to integrate more bio-products and natural and renewable
resources primarily in the construction industry is now associated with sheep wool.
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This approach, according to Jannat N., Hussien A., Abdullah B. (2020), reduces
energy consumption in construction and other industries, and promotes efficient waste
management.

Currently, major projects are already being implemented to create industrial
enterprises aimed at solving environmental problems related to the use of wool. So,
according to Al-Malah K.M., Al-Khalafat M.R., Al-Zayadeen N.A. et al. (2025) the
construction of a processing plant in Jordan for more than 6.5 thousand tons of wool per
year (production of 114.8 thousand m3 of insulation boards) is a profitable project with a
return on investment within one year.

Conclusions.

1. sheep wool, in addition to its traditional use in textile production, is finding an
increasingly wide alternative application in various production areas.

2. due to its unique physical and technical properties and the ability to
biodergadate, its use is widespread in the construction and agricultural sectors, in the
production of packaging materials, and in the manufacture of products using 3 D
technologies.

3. for many countries of the world and Ukraine, the development of modern
technologies and assessment of the economic and environmental efficiency of alternative
applications of sheep wool in the field of manufacturing new materials, construction,
agricultural production, forestry is a promising urgent task.
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The article presents the results of scientific research on determining the level of
stress resistance in piglets of Danish origin, weaned from sows at the age of 28 days.
According to the results of the variation series of the live weight test of piglets, the modal
class included the Il group of weakly responsive animals, which had a stress resistance
criterion within £0.67 sigma, relative to the individual arithmetic mean values of the
sample for this indicator; the 111 group of highly responsive animals - by -0.67 sigma in
the direction of decrease and the | group of resistant animals - by +0.67 sigma in the
direction of increase. The obtained experimental data indicate that within the normalized
distribution of the total livestock, the maximum number of young animals was found to
be weakly responsive (group Il) to the stress factor (51 animals or 56.7%), the resistant
type (group 1) is characteristic of a group of animals of 28 animals or 31.1%, while 11
animals or 12.2% were included in the group of highly responsive piglets (group IlI).

Analyzing the results of the studies, it can be stated that the growth energy of
young animals of group M* for the period from weaning from mothers to the end of the
growing-up period was quite high, compared to peers of groups M° and M~ by 62.0 g or
13.9% (p<0.05) and 87 g or 20.6% (p<0.01). At the age of 6 months, the growth rate of
the young animals of the M™ group began to increase again and they exceeded the piglets
from the MP group by 44.0 g or 5.6% (p<0.05) and individuals from the M~group by 81.0
gor 10.7% (p<0.01). The improvement of the adaptive capacity to the stress factor in the
M* group of piglets was also accompanied by a significant increase in the average daily
gain over the entire growing period by 39.0 g or 6.3% (p<0.05) and 67.0 g or 11.3%
(p<0.01) compared to the young animals from the other groups.

Subsequently, the evaluated young animals were distributed by types of higher
nervous activity. The highest level of strength of nervous processes, balance of excitation
and inhibition processes, and their mobility were observed in piglets that had a strong
balanced mobile type of nervous activity with a high statistical difference of p<0.001 in
all cases of comparison with the group identified as weak.

Keywords: stress resistance, growth, piglets, weaning, productivity.
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Y ecmammi euxnadeno pesynomamu Haykoux 00CnioNHceHb 3 BUSHAYEHHS PIGHS
cmpecocmitukocmi y nopociam OAHCbK020 NOXOONCEeHHs, 8I0NyUeHUX 810 CBUHOMAMOK )
siyi 28 0i6. 3a pe3yrbmamamu OAHUX 8apiayiiHux psois 3a1iK08020 MeCmy8aH s HCUBOL
Macu nopocam 0o modanvhoco kaacy eionecau |l epyny crabopeazyrouux meapum, wo
manu xkpumepiti cmpecocmivkocmi 6 medxncax 0,67 cuemu, 8i0HOCHO IHOUBIOYATLHUX
cepeoHix apugmemuynux 3Hauenv Gubipku 3a yum noxasuuxkom; oo I epynu
cunvropeazyrouux — Ha -0,67 cuemu y 0ix 3smenwennsi i 0o | epynu cmitikux — na +0,67
cuemu y 6ik 360invuenns. Qoepoicani OaHi eKCnepumMenmy ceiouams npo me, U0 8 MeNcax
HOPMO8AHO20 pPO3NOOINY 3A2ANbHO20 NO20JI8 s, MAKCUMANbHY KIIbKICMb MOLOOHAKY
susegnero crabopeayiouum (Il epyna) na dito cmpec-yunnuka (51 2onosy abo 56,7 %),
cmiukut mun (I epyna) enacmusuii epyni meapun i3 28 eonie abo 31,1 %, modi sk 0o
epynu cunvnopeazyroyux nopocam (11l epynu) 3apaxysanu 11 2onie abo 12,2 %.

Ananizyrouu pezyromamu O0O0CHIONHCEHb MONMCHA KOHCMAMY8AMU, W0 eHepeisl
pocmy MonooHaKy epynu M* 3a nepioo 6i0 eionyuennsn 6i0 mamepis i 00 Kinys nepiody
00pOLYBaNHS BUABULACA OOCMAMHbLO 6UCOKOI0, NOPI6HAHO 3 posecukamu 2pyn M° i M~
Ha 62,0 2 abo 13,9 % (p<0,05) ma 87 2 abo 20,6 % (p<0,01). V eiyi 6 micayis
iHmencueHicmo pocmy MonoOHsKy 2pynu M posnouana 3108y 36inbutyeamucs i 60Hu
nepeeadicanu nopocam iz 2pynu M° exice na 44,0 2 abo 5,6 % (p<0,05) ma ocobun i3 2pynu
M —na 81,0 2ab60 10,7 % (p<0,01). [lokpawenna adanmayiinoi 30amuocmi 0o cmpec-
yunHuKa 6 2pynu nopocsm M* cynpoeoocyeanocs i 6ipo2ionum 30ibUEHHAM 6CTUYUN
cepednb0000608020 Npupocmy 8 yiiomy 3a nepioo eupowyysauns na 39,0 e abo 6,3 %
(p<0,05)i 67,0 2ab6o 11,3 % (p<0,01) w000 MOIOOHAKY 3 pewmu epyn.

YV nooanvwomy oyinenuti Mon0OHAK pO3NOOIMUNU 30 MUNAMU BUWOT HEPBOBOT
disinbHocmi. Hatisuwuii pieeHv cunu Hep8osux npoyecis, 8piBHOBANCEHICb Npoyecia
30Y024CeHHs | 2aNbMYB8AHHS, IX PYXIUBICMb GIOMIYABC Y NOPOCAM, AKI MAIU CUTbHUL
8DIBHOBAIICEHULL PYXIUBUL MUN HEPBOBOL OISIbHOCHI 3d BUCOKOI CMAMUCMUYHOI PI3HUYT
p<0,001 6 ycix sunaoxax nopieHaHHs 00 epynu, BUOLIEHUX SIK CIAOKUX.

Kaw4oBi cjioBa:  cTpecocTiiiKicTbh, MPUPICT, MOPOCATA,  BIUTYUEHHS,
MPOIYKTUBHICTb.

Introduction. Before the start of the full-scale war in Ukraine, the breeding of
new specialized breeds of pigs of foreign selection, which are characterized by increased
metabolism in the body, high fattening and meat qualities, which are realized under
certain technologies of keeping and feeding systems of animals (Hao Y. et al., 2021;
Ramirez B.C. et al., 2022; Chaly O.1. et al., 2023). Extensive work has been carried out
on the development of methodological principles for their assessment and further
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improvement (Karpovsky V.. et al., 2012). However, as practice has proven, animals
with high genetic potential for productivity are the most sensitive to the effects of negative
external stressors (O'Connor E.A. et al., 2010; Cobanovié N. et al., 2020). The response
of the pig body to stress is reflected in productivity losses (Munsterhjelm C. et al., 2010;
Campbell J. et al., 2013; Sutherland M.A. et al., 2014; Bankole T. et al., 2024), reduced
reproductive capacity (Mayorga E.J. et al., 2020), weakened natural resistance
(Stovbetska L. et al., 2021), behavioral disorders (Gonzalez-Rivas P.A. et al., 2020),
deterioration of product quality indicators (Gonzalez-Rivas P.A. et al., 2020; Serviento
A.M. etal., 2020), leads to a significant increase in livestock waste (Poroshynska O.A. et
al., 2020), and, as a result, these farms suffer significant economic losses.

In addition to the main technological stresses in pig farming, military operations
can be a powerful stress factor in certain regions of Ukraine in recent years. The negative
consequences of war-induced stress have been repeatedly exacerbated in farms located
close to the epicenter of active hostilities and engaged in raising young animals - one of
the most vulnerable and less protected groups in industrial pork production technology,
especially during the weaning period, which is reflected, first of all, in the intensity of
their growth (White H.M. et al., 2008; Dokmanovic M. et al., 2017). In this context, the
assessment of stress provoked by weaning piglets from sows comes to the fore (da
Fonseca de Oliveira A.C. et al., 2019; Lange A. et al., 2020). It is worth noting that during
the "weaning crisis" period, piglets experience uneven growth rates, which is directly
related to the impact of other technological stress factors and the corresponding reaction
of animals to them (Skaperda Z. Et 2019; Vyslotska L. et al., 2021). Of course, when
growing young animals, more and more attention should be paid to the selection of stress-
resistant animals in order to obtain competitive products and constantly develop new
methods and improve production technologies to reduce the harmful effects of stress on
animals. However, these issues require thorough scientific generalization. Therefore, the
unresolved nature of a number of problems, the urgency of which has increased in the
conditions of modern threats, determined the relevance and decisively influenced the
relevance of the work carried out.

The purpose of the research is to determine the level of stress resistance and
productivity of piglets of Danish origin under the influence of the stress factor "weaning
crisis™.

Materials and methods. The scientific and economic experiment was conducted
in the production conditions of the PP AF "Svitanok™ of the Novovodolazha district of
the Kharkiv region. Stress resistance was determined using the method of V.A.
Kovalenko et al., improved by O. M. Tsereniuk during the "weaning crisis" period, which
lasted 15 days. The total duration of the experiment was 182 days.

To organize the experiment, a technological group of 90 heads was selected from
the total population of suckling piglets. The principle of normalized deviation was used
to distribute the piglets into experimental groups. The young were weaned at the age of
28 days. The piglets were weighed individually: at weaning, 4, 9 and 15 days after it, then
the stress resistance criterion was calculated based on the sum of the differences in the
absolute values of live weight in these reference periods and the livestock was divided
into groups.

As a result of processing the data of variation series of the test of absolute live
weight gains of piglets 15 days after weaning them from sows, the modal distribution
class was assigned to group Il of weakly reacting animals (M°), which had a stress
resistance criterion within +0.67 sigma; to group III of strongly reacting animals (minus
variant M") — by —0.67 sigma in the direction of decrease, and to group | of resistant
animals (plus variant M*) — by +0.67 sigma in the direction of increase.
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Animals of all experimental groups were kept in the same room according to
generally accepted technology. The conditions of care for piglets were the same and met
sanitary and zootechnical requirements. Production premises were vacated each time in
the case of regular sanitary treatment and the need to fill the next technological cycle with
young animals, while adhering to the principle of "everything is empty, everything is
occupied".

The feeding rations of the experimental young animals were prepared in
accordance with detailed norms and adjusted for the growing periods, taking into account
the age, growth intensity, chemical composition and nutritional value of the feed. Group
feeding, twice a day: morning and evening, drinking - ad libitum, with free access to
drinkers. For feeding, standard compound feeds were used, manufactured in accordance
with a specific production period. Compound feeds for experimental animals were fed in
the form of dry feed.

Live weight was determined by the results of individual weighing of animals in
the morning before feeding at weaning, at the age of 4; 9; 15; 61; 122 and 182 days, with
a measurement accuracy of 0.1 kg. Based on the weighings, the total gain for the period
and the average daily gain in live weight were calculated.

As an additional test for assessing the stress resistance of piglets, the parameters
of the higher nervous system were determined based on the results of the analysis of the
processes of formation, excitation, inhibition of motor-food conditioned reflexes when
changing the stereotype of feeding circumstances (using powdered milk-enriched
compound feed) and the speed of developing an orienting reaction (Karpovsky, V.1.,
2012). The reaction of young animals to changes in technological conditions was
expressed in conventional units - from one to four. The study was conducted over five
consecutive days, with a time expenditure of 20 minutes for each animal. For a more
objective distribution of experimental animals into groups by type of higher nervous
activity, in the same individuals it was determined once more with an interval of 2 days
after the main testing under similar conditions of the experiment. After comparing the
ethological observation data obtained in this way, the young animals were assigned to
one of four groups, according to the types of higher nervous activity. The first group
included piglets with a strong balanced mobile type of higher nervous activity, the second
- strong balanced inert, the third - strong unbalanced and the fourth group - with a weak
type.

The obtained results of experimental studies were processed biometrically, by
methods of variational statistics using electronic spreadsheets of a Pentium/4 personal
computer and a package of modern applied licensed programs Statistika, SPSS 15.0, MS
Excel spreadsheets, 2003. The difference between the values of the compared indicators
of the experimental groups was considered probable when achieving three levels of
probability *p<0.05; **p<0.01; ***p<0.001.

Research results: When evaluating the results of the individual distribution of
the experimental livestock according to the stress resistance criterion, it is worth pointing
out its significant variability depending on the group (Table 1).

In particular, within the normalized distribution of the total livestock, the
maximum number of young animals was found to be weakly responsive (M°) to the stress
factor (51 animals or 56.7%), the resistant type (M*) was characteristic of a group of
animals consisting of 28 animals or 31.1%, while 11 animals or 12.2% were included in
the group of highly responsive piglets (M").
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Table 1
Distribution of experimental young animals by stress resistance
Group Distribution of piglets by stress resistance criterion
heads %
| — M* (resistant) 28 31,1
11 — M° (weakly reactive) 51 56,7
I11 — M~ (strongly reactive) 11 12,2
Total 90 100,0

Young animals of Danish origin with different stress tolerance showed quite high
fattening rates during the first six months of rearing, however, in certain age periods, the
variability of their values between groups was directly due to the unequal rate of response
to weaning from mothers (Table 2).

Table 2
Changes in live weight of young animals of different types of stress resistance,
kg (¥ £35;)
Group
Indicator | -M* - M Hi-M
(resistant) (wea_kly (stror_lgly
reactive ) reactive)
Live weight of piglets, kg:
at weaning 7,84+0,32 7,56+0,18 7,80+0,38
on the 4th day after weaning 8,62+0,52 7,84+0,22 7,67+0,41
on the 9th day after weaning 9,93+0,55*/* 8,37+0,34 8,21+0,65
on the 15th day after weaning 12,52+0,63*/** 9,72+1,14 8,58+0,94
at the age 2 months 24,11£0,72%/%* 21,86+0,57 21,34+0,69
at the age 4 months 58,72+1,28%/** 55,24+0.91 53,41+1,46
at the age 6 months 109,74+2,51%/*% 103,55+£2,12* | 99,49+1,54

Note. *p<0.05; **p<0.01 — probability of difference in relation to the distribution group M and M-

As expected, piglets that were assigned to the M* group were heavier than their
peers from the M®and M~ groups. In particular, on the fourth day after weaning, their
advantage over the latter was 9.9 and 12.4%. A characteristic feature of changes in live
weight during this period is its increase in young pigs M*, while in the group of piglets
M-~ the studied indicator even decreased. At the same time, quantitative statistically
significant differences in live weight between young pigs of these groups began to appear
from the 9th day after weaning by 18.6% (p<0.05) and 21.0% (p<0.05), respectively,
reaching maximum values at the age of 15 days - by 28.8% (p<0.05) and 45.9% (p<0.01)
and 13.3% in favor of young pigs resistant to stress. It is noteworthy that at the age of 6
months the difference between the groups significantly decreased and amounted to only
6.0% (p<0.05) and 10.3% (p<0.01). The decrease in live weight in animals M-, compared
with peers from other groups, is a natural result of their weaker adaptation to the stress
factor.

Similar advantages in terms of live weight are also characteristic of young animals
assigned to the M° group compared to peers from the M~ group. In particular, the average
indicator of their live weight on the 15th day after weaning from their mothers exceeded

50



E[
Hayxoeo-mexniunuii broremens Incmumymy meapunnuumea HAAH, 2025, Ne133 F=5

the latter by 13.3%, while in the subsequent months of growing the difference between
these groups decreased to 4.1% at the age of 6 months, although it was statistically
significant (p<0.05).

The absolute live weight gains of piglets, taking into account the distribution
group by stress resistance during rearing, also differed: from 15 days after weaning and
until reaching 2 months of age, the live weight gain of animals in the M* group was 11.6
kg or 1.9 times, in the M° group - 21.1 kg or 2.2 times, and in the M~ group - only 12.8
kg or 2.5 times. In general, from weaning to 6 months of age, the total weight gain of
young animals assigned to the M* group increased by 101.9 kg or 14.0 times, in the M°
group - by 96.0 kg or 13.7 times, and in the M~ group - by 91.7 kg or 12.8 times.

Weaning of piglets from mothers also affected the growth energy of young
animals. In terms of average daily live weight gains in piglets of all groups, there is a
natural age-related increase in the period from weaning to reaching the age of 6 months.
It is noteworthy that the general trend regarding the nature of their formation depending
on the distribution group and live weight parameters of young animals is preserved
(Table 3).

Table 3
Dynamics of average daily live weight gains of young animals of different

stress resistance, (X £ Sy)

Group
In-m° i -M-
(weakly (strongly
responsive) | responsive)

Indicator | -M*
(resistant)

Average daily gain for the period, g:

from weaning to 2 months of age 509+14,24%/***  447+19,61 422+20,08
from 2 to 4 months of age 567+15,95* 547+12,27 | 526+11,34
from 4 to 6 months of age 836+18,79%/*%* 79249 68* | 755+14,82
from weaning to 6 months of age 662+13,53*/** 623+10,37 | 595+14,76
Feed consumption per 1 kg of live

weight gain for 6 months of the 3,93 4,67 4,84

experiment, EKO

Note. *p<0.05; **p<0.01; ***p<0.001 — probability of difference in relation to the distribution group M°
and M~

Considering the results presented in the table, it can be stated that the growth
energy of the young animals of the M* group for the period from weaning from mothers
to the end of the growing-up period was quite high, compared with the peers of the M°
and M~ groups by 62.0 g or 13.9% (p<0.05) and 87 g or 20.6% (p<0.01). Therefore, the
effect of stress on the piglets' organism during this period is maximum. In the period from
2 to 4 months of age, the average daily gains in piglets of all groups further increase, but
the pace of this process slows down to minimum values and the difference between the
young animals of the M* and M° groups has only the character of a tendency to increase
and is 20.0 g or 3.7%, while between the piglets of the M and M~ groups it is at the level
of 41 g or 7.8% and acquires the lowest level of statistical significance (p<0.05). At the
age of 6 months, the growth rate of the young animals of the M* group began to increase
again and they exceeded the piglets from the M° group by 44.0 g or 5.6% (p<0.05) and
individuals from the M~ group by 81.0 g or 10.7% (p<0.01). The improvement of the
adaptive capacity to the stress factor in the M* group of piglets was also accompanied by
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a significant increase in the average daily gain over the entire growing period by 39.0 g
or 6.3% (p<0.05) and 67.0 g or 11.3% (p<0.01) compared to the young animals from the
other groups.

Piglets of group M, although inferior to their peers assigned to group M* during
the growing period, also differed from their peers of group M~ in terms of average daily
live weight gains: at 2 months — by 25.0 g or 5.9%, at 4 months — by 21.0 g or 4.0%, at 6
months — by 37.0 g or 4.9% (p<0.05) and during the growing period — by 28.0 g or 4.7%.

Against the background of the assessment of young animals of different types of
stress resistance, a clear manifestation of sexual dimorphism was established, and, as a
result, boars, regardless of their normalized distribution into groups, naturally exceeded
gilts in terms of growth intensity from weaning to 6 months of age by an average of 5.8%.

Most domestic and foreign experts believe that the level of stress resistance of
pigs kept in large industrial complexes directly depends on the typological features of
higher nervous activity. That is, they must be resistant to technological stresses, have a
quick and adequate reaction to external stimuli, and belong to a strong balanced mobile
type of higher nervous activity. Such animals are distinguished by higher growth intensity
and digestibility coefficients of feed nutrients, they have a faster process of forming meat
productivity and improving product quality.

For an in-depth justification of this position, we determined the typological
features of higher nervous activity in piglets of different types of stress resistance when
transferring them to the finishing shop. Piglets, which are characterized by a strong
balanced mobile type of higher nervous activity, during the observation period behaved
confidently, calmly moved along the passage of the room to the feeder, immediately
found it and from the first or second attempt began to consume compound feed without
paying attention to the experimenter, almost did not react to the conditioned stimulus and
did not show aggression. Young pigs with a strong balanced inert type were somewhat
more cautious, but also calmly moved along the passage of the room, approached the
feeder later (from the second to the fourth attempt), consumed compound feed willingly
(from the first or second attempt), also almost did not react to the conditioned stimulus
and the experimenter and did not show aggression. Animals with a strong unbalanced
type behaved completely differently: they moved quickly along the passage to the feeder,
carefully watching the experimenter, consumed the compound feed excitedly and
reluctantly immediately approaching the feeder or on the third attempt, some individuals
pushed or gnawed it during feeding, reacted strongly to the conditioned stimulus with a
shudder. Piglets with a weak type moved slowly and timidly along the passage of the
room with a characteristic sound of danger or stopped altogether, some of them had to be
urged, they approached the feeder on the fourth to sixth attempt, consumed the compound
feed cautiously, rather reluctantly and not immediately (on the third to fifth attempt),
carefully watched the experimenter, reacted quite excitedly to the conditioned stimulus,
refusing the feed and moving away from the feeder, sometimes urination or defecation
was noted in them.

Based on the assessment, piglets of different stress resistance were distributed by
types of higher nervous activity in the following ratio (Table 4).

The results of visual observations show that 34 heads (37.8%) of the total number
of piglets have a strong balanced mobile type, 28 heads (31.1%) - strong balanced inert,
9 heads (10.0%) - strong unbalanced and 19 heads (21.1%) - weak.
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Table 4
Distribution of experimental young animals by types of higher nervous activity

Type of higher nervous Distribution of experimental young animals by
activity types of higher nervous activity
heads %
Strong balanced mobile 34 37,8
Strong balanced inert 28 31,1
Strong unbalanced 9 10,0
Weak 19 21,1
Total 90 100,0

As part of the study of conditioned reflex activity, the following were directly
taken into account: the strength of nervous processes, the balance of excitation and
inhibition processes, the mobility of nervous processes (Table 5).

Table 5
Typological parameters of higher nervous activity of young animals, mind. units,
(X £S.)
Type of higher nervous Level of nervous processes
activity strength balance mobility
Strong balanced mobile 3,76+0,17*** 3,88+0,09*** | 3 93+(,]5%**
Strong balanced inert 3,11+0,08%*** 2,92+0,06%** | 2 57+(,19%***
Strong unbalanced 1,84+0,12* 1,68+0,14 1,82+0,28*
Weak 1,34+0,20 1,49+0,13 1,09+0,16

Note. *p<0.05; ***p<0.001 — probability of difference in relation to the group of weak young animals

Analysis of the features of individual assessment of young animals indicates a
different norm of their reaction to weaning from sows. The highest level of strength of
nervous processes, balance of excitation and inhibition processes, their mobility was
observed in piglets that had a strong balanced mobile type of nervous activity with a high
statistical difference p<0.001 in all cases of comparison to the group identified as weak
and amounted to an average of 3.86 conventional units.

In animals with a strong balanced inert type, the values of the studied indicators
are higher, respectively by 1.77; 1.43 and 1.48 conventional units against young animals
with a weak type of higher nervous activity, with the same high level of statistical
significance (p<0.001 in all cases of comparison). Piglets with strong unbalanced and
weak types of nervous activity were characterized by almost the same value of these
indicators. However, in the group of young animals classified as strong unbalanced type,
they were higher by 0.50 (p<0.05); 0.19 and 0.73 (p<0.05) conventional units. In the
group of animals with weak type of nervous activity, the values of the studied indicators
were minimal and equaled on average 1.31 conventional units.

At the same time, young animals with strong balanced mobile type of higher
nervous activity are characterized by increased mobility and balance and reduced strength
of nervous processes. Piglets with strong balanced inert type, on the contrary, were
characterized by higher strength of nervous processes and their balance, but lower their
mobility. In representatives of the strong unbalanced type, the processes of balance of
excitation and inhibition were weaker, while their strength and mobility were higher.
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Nervous processes in piglets with a weak type have the least mobility, and the balance of
excitation and inhibition processes prevails over their strength. Therefore, as the
reactivity of piglets decreases, both the strength of nervous processes, the balance of
excitation and inhibition processes, and their mobility naturally decrease.

The strength of the stress factor "weaning crisis" depended, first of all, on the
closeness of the connection between stress resistance and types of higher nervous activity
of piglets, determined under the influence of another stress factor - transfer to the
growing-up shop (Table 6).

Table 6
The relationship between types of stress resistance and higher nervous activity in
the experimental young, %

Group Type of higher nervous activity

strong strong, strong, weak

balanced balanced unbalanced

mobile inert

heads| % |heads| % |heads| % |heads| %
| — M" (stable) 19 | 67,9 9 32,1 - - - —
l-m 15 [ 204 | 19 | 373 | 7 | 137 | 10 | 196
(weakly reactive)
N -M . _ o =] 2| 2 |182] 9 |88
(strongly reactive)

Comparison of the data presented in the table gives grounds to state that among
the stable animals, 19 animals (67.9%) were registered with a strong balanced mobile
type of higher nervous activity and 9 animals (32.1%) with a strong balanced inert type,
while piglets with strong unbalanced and weak types of nervous activity were not noted
among these animals. Among the animals that react poorly to stress, 15 animals (29.4%)
were registered with a strong balanced mobile type, 19 animals (37.3%) with a strong
balanced inert type, 7 animals (13.7%) with a strong unbalanced type and 10 animals
(19.6%) with weak types. Strongly reactive young animals were represented by 2 heads
(18.2%) with strong unbalanced and 9 heads (81.8%) with weak types of nervous activity.

Scientific practice has proven, and numerous studies have confirmed, that the
nature of the adaptive reaction of animals to the action of any stress factors is reflected in
their productivity. The results of determining the live weight of piglets of different types
of nervous activity are presented in Table. 7.

The obtained data give reason to believe that among the total number of
experimental piglets of different stress resistance, individuals classified as strong
balanced mobile and strong balanced inert types of higher nervous activity grew more
intensively. Moreover, the advantage in increasing live weight occurred at all stages of
their growth. While these differences between young animals with strong unbalanced and
weak types are not significant. In particular, at 2 months of age, the difference in live
weight between these animals was greater, respectively, by an average of 2.5 and 3.9 kg
or 11.6 and 19.0% (p<0.01) and 0.7 and 2.1 kg or 8.1 and 10.0% in favor of the first two
groups. Subsequently, the difference between the distribution groups by this indicator
increased. In particular, at 4 months of age, when the second phase of growing came to
an end, piglets with a strong balanced mobile type of higher nervous activity exceeded
their peers who had a strong balanced type by 3.7 kg or 1.2%, a strong unbalanced type
by 5.2 kg or 9.5%, and a weak type by 7.5 kg or 14.5% (p<0.01). In turn, the advantage
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in terms of increasing live weight on their side at 6 months of age increased and amounted
t0 9.1 kg or 8.9%; 11.9 kg or 11.9% and 14.3 kg or 14.7%, respectively (p<0.05).

Table 7

Formation of live weight of young animals of different types of

nervous activity, kg (X £ S;)

Indicator Type of nervous activity
strong balanced strong, strong, weak
mobile balanced inert | unbalanced (n=19)
(n=34) (n=28) (n=9)
Live weight of piglets, kg at the age of:
2 months 24,35+0,90%* 22,51+0,58 21,82+1,03 | 20,46+0,86
4 months 59,69+2,02%* 56,03+1,58 54,51+1,73 52,15+1,42
6 months 111,7445,94% 102,60+4,09 99,82+2.94 | 97.41+3,97

Note. *p<0.05; **p<0.01 — probability of difference in relation to the group of weak young animals

Quite a clear variability in growth during these age periods of growth was also
characteristic of the young animals included in the group with a strong balanced inert type
of higher nervous activity. Analysis of changes in their live weight at 2 months of age
proves that they, while inferior in this indicator to their peers with a strong balanced
mobile type of higher nervous activity, had a stable, but at the same trend, advantage over
representatives of the group with a strong unbalanced type by 0.7 kg or 3.2% and young
animals of a weak type by - 2.1 kg or 10.0%. While ontogenetic differences in live weight
values between these distribution groups at 4 months of age were 1.5 kg or 2.8% and
3.9 kg or 7.4%, respectively. During the final phase of fattening, the process of increasing
live weight intensified and the difference between these groups increased to 2.8 and
5.2 kg or 2.8 and 5.3%, respectively.

In contrast, among peers who had strong unbalanced and weak types of nervous
activity, the age difference in fluctuations in live weight was insignificant: its increase
ranged only from 1.4 kg to 2.4 kg or from 2.4% to 6.6%.

During the period of growing up and fattening, the total increase in live weight of
young animals, which were classified as a group with a strong balanced mobile type of
higher nervous activity, increased by 87.4 kg or 4.6 times, strong balanced inert - by
80.1 kg or 4.6 times, strong balanced mobile - by 78.0 kg or 4.6 times, weak - by 77.0 kg
or 4.8 times.

The growth intensity of experimental piglets can be judged by the values of
changes in average daily live weight gains (Table 8).

In the process of processing the results, it was established that the growth rates of
young animals of different groups increased as their age increased. Against this
background, piglets with a strong balanced mobile type of higher nervous activity were
significantly better in all periods of growing. Evaluating the average daily gains in live
weight in the age dynamics of changes, their natural increase was recorded in the period
from 2 to 4 months from 29.0 g to 59.0 g or from 5.3% to 11.3% (p<0.01). Their high
growth rate was maintained during the fattening period from 90 g to 160.0 g or from
11.8% to 23.1 (p<0.001). The leading position in terms of the manifestation of higher
adaptive capacity to the action of a stress factor in piglets classified as a group of a strong
unbalanced type of nervous activity during this period was also strengthened in relation
to young animals, which are characterized by a strong unbalanced type and the difference
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in the studied indicator between them also became statistically significant (p<0.01). In
the age interval from 2 to 6 months, an increase in growth intensity in these animals was
recorded within the range from 60.0 g to 85.0 g or from 9.4% to 13.5%. Despite the
superiority of piglets with a strong balanced mobile type of nervous activity over the rest
of the groups in terms of average daily live weight gains, statistically significant
significance for this indicator was registered only for young animals with a strong
unbalanced and weak types (p<0.05 in both cases of comparison).

Table 8
The level of average daily live weight gains of young animals of different types of

nervous activity, (X * S;)

Indicator Type of nervous activity
strong strong, strong, weak
balanced balanced | unbalanced | (n=19)
mobile inert (n=9)
(n=34) (n=28)

Average daily gain for the period, g:
from 2 to 4 months of age 579+11,75** | 550+12,14 | 536+19,22 |520+14,63
from 4 to 6 months of age |853+12,51%*/***| 763+£16,84 | 743+26,77 |693+27,90
from 2 to 6 months of age | 716+19,48*/* | 656+23,73 | 639+22,51 [631+28,95

Note. *p<0.05; **p<0.01; ***p<0.001 — probability of difference in relation to the group of strong
unbalanced and weak young animals

Piglets with a strong balanced inert type of higher nervous activity also stood out
with higher average daily live weight gains compared to animals characterized by a strong
unbalanced type: during growing by 14.0 g or 2.6% and during fattening - by 20.0 g or
2.7%. This also caused a general increase in the level of average daily live weight gains
during the research by 17.0 g or 2.7%. In young animals with a strong unbalanced type
of nervous activity, the growth intensity increased not only compared to animals with a
strong unbalanced type, but also compared to individuals of a weak type. In particular, in
the period from 2 to 4 months of age, the level of average daily gains in them increased
by 30.0 g or 5.8%, from 4 to 6 months of age - by 70.0 or 10.1%, and for the total period
of research - by 25.0 g or 4.0%. Since the intergroup differences in the growth energy of
young animals in these age periods are insignificant, they turned out to be unreliable when
statistically processing the results.

The relationship between the type of nervous activity and the intensity of growth
in piglets with a strong unbalanced type was expressed to the smallest extent in relation
to peers with a weak type and the difference found between them was: from 2 to 4 months
of age 16.0 g or 3.1%, from 4 to 6 months of age — 50.0 g or 7.2% and from 2 to 6 months
of age — 8.0 g or 1.3%, however, it did not acquire statistical significance between them.

Discussion. With the introduction of intensive pork production technologies, the
problem of stress phenomena, especially at an early age of piglets, is becoming
increasingly acute (Poroshynska O.A. et al., 2020; Lange A. et al., 2020). Piglets after
weaning from their mothers react quite strongly to changes in environmental conditions
and get used to new ones after a certain time. Their ability to adapt is closely related to
changes in productive qualities (Munsterhjelm C. et al., 2010; Campbell J. et al., 2013;
Sutherland M.A. et al., 2014; Bankole T. et al., 2024). In this case, stress is considered as
an adaptation syndrome and occurs when the body's protective functions are mobilized to
the action of external stressors (Gonzalez-Rivas P.A. et al., 2020; Serviento A.M. et al.,
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2020). However, a generalization of domestic literature sources in which studies have
been initiated on assessing the stress resistance of piglets in the early period of postnatal
growth indicates insufficient attention by scientists, who only fragmentarily reveal the
essence of this phenomenon, which in turn encourages the experimental development of
appropriate techniques.

Within the framework of the conducted research, the peculiarities of the formation
of live weight and growth intensity of young pigs of Danish origin were detailed
depending on stress resistance and types of higher nervous activity, assessed during
weaning and reaching 6 months of age. It was found that the growth energy of young pigs
of the M* group for the period from weaning from mothers to the end of the growing-up
period was quite high, compared with peers of groups M°and M~ by 62.0 g or 13.9%
(p<0.05) and 87 g or 20.6% (p<0.01). In the period from 2 to 4 months of age, piglets of
all groups further increase in average daily gains, however, the pace of this process slows
down to minimal values and the difference between young pigs of groups M* and M° has
only the character of a tendency to increase. At the age of 6 months, the growth rate of
the young pigs of the M* group began to increase again and they exceeded the piglets
from the M° group by 44.0 g or 5.6% (p<0.05) and individuals from the M~ group by 81.0
g or 10.7% (p<0.01). The improvement of the adaptive capacity to the stress factor in the
M* group of piglets was also accompanied by a significant increase in the average daily
gain over the entire growing period by 39.0 g or 6.3% (p<0.05) and 67.0 g or 11.3%
(p<0.01) compared to the young pigs from the other groups. The obtained data extend the
published results (White H.M., et al., 2008; Sutherland M.A. et al., 2014; Stovbetska L.
etal., 2021).

When distributing piglets taking into account the types of higher nervous activity
and using the motor-food method, it was found that 34 heads (37.8%) of piglets from the
total number have a strong balanced mobile type, 28 heads (31.1%) - a strong balanced
weighted inert, 9 heads (10.0%) — strong unbalanced and 19 heads (21.1%) — weak.
Analysis of the features of individual assessment of young animals indicates a different
rate of their response to weaning from sows. Piglets classified as resistant are
characterized by an almost maximum vyield of individuals of a strong balanced mobile
type of higher nervous activity, which react less to transfer to the finishing shop with a
decrease in productivity and have a higher adaptive suitability for industrial pork
production technology. The highest level of strength of nervous processes, balance of
excitation and inhibition processes, and their mobility were observed in piglets that had a
strong balanced mobile type of nervous activity with a high statistical difference of
p<0.001 in all cases of comparison with the group identified as weak. A similar picture
of changes in eating behavior in pigs in connection with technological stresses is reported
(Danchuk O.V. et al., 2020).

Therefore, the conducted studies do not exhaust the entire depth of the problem,
but within the framework of its initial implementation, farm specialists should take into
account not only their stress resistance, but also the types of higher nervous activity for
the purpose of directed management of the weaning process of piglets.

Conclusions:

1. Weaning piglets from their mothers is a heavy functional load on their body,
which is accompanied by growth retardation. The most susceptible to the action of the
stress factor were young animals classified as group M~.

2. The level of stress resistance of young animals is directly related to the
typological features of higher nervous activity. Piglets classified as resistant are
characterized by an approximate maximum vyield of individuals of a strong balanced
mobile type of higher nervous activity, which react less to transfer to the growing-up shop
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with a decrease in productivity and have a higher adaptive suitability for industrial pork
production technology.
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The article presents the results of a study of the genetic-population structure in a
herd of beef-type Charolais breed cows of Ukrainian selection (SEEF "Hontarivka",
Kharkiv region). Genetic variation analysis in the experimental group of animals was
performed using 10 microsatellite loci recommended by FAO-ISAG: ETH225, BM2113,
ETH3, BM1818, BM1824, ILSTS006, INRA023, TAGLAO053, TAGLA122, ETH10. The
amplification products were separated in native polyacrylamide gels. All the loci studied
were polymorphic. The number of detected alleles per locus ranged from 2 (ETH10) to
10 (TGLAO53) (an average of 5 alleles per locus), the size of which ranged from 117 bp
(ETH3) to 307 bp (ILSTS006). The vast majority of the studied loci belong to informative
and valuable markers (PIC > 0.5). The most polymorphic loci were TGLA053 (PIC
=0.81) and INRA023 (PIC =0.72). The main population and genetic parameters for the
studied loci are calculated. The highest values of heterozygosity (He) and effective allele
count (ne) were inherent in the loci TGLAO053 (He =0.82, ne =5.7) and INRA023 (He
=0.73, ne =3.8). The minimum values of observed heterozygosity are set for loci ETH10
(Ho =0.21) and TGLA122 (H, =0.44).

Most microsatellite loci are characterized by an equilibrium state between actual
and expected genotype frequency indicators, and a likely deviation in the form of
heterozygote deficiency was established only for the TGLA122 locus (Fis = 0.29; p <
0.05).

Changes in the genetic structure of the experimental population of Charolais
cattle in comparison with data from previous years and populations from other regions
of the world are analyzed. These results indicate a significant narrowing of genetic
variability in the domestic Charolais population. This can have further negative
consequences and requires replenishment of allelic diversity and control of genetic
processes in breeding work using DNA markers.

Keywords: microsatellites, polymorphism, population, Charolais, allele,
genotype, heterozygosity
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OIIHKA TEHETUYHOI'O PI3BHOMAHITTS B TOMTYJISIII
KOPIB IIIAPOJIE3BKOI IOPOJIM YKPATHCBKOI CEJIEKIII 3A
BUKOPUCTAHHS MIKPOCATEJIITHUX MAPKEPIB

FO0piii TALIEHKO, xanauaaT clIbChbKOTOCIIOAAPChKUX HAYK, CTApIIUI HAYKOBUH
criBpoOiTHUK, https://orcid.org/0000-0003-2747-476X
Boaogumup MAPYYK, acnipant
Incruryr TBapunnuuTea HAAH, XapkiB, Ykpaina

YV cmammi Hasedeni pesynomamu  OOCHIONCEHHSA 2eHEeMUKO-NONYIAYIHOL
cmpykmypu 8 ¢cmaodi Kopie M SICHO20 Hanpsamy npoOyKMUEHOCMI Uapoie3bkoi nopoou
yrpaincokoi cenexyii (I «'onmapiexay, Xapkiecokoi obnacmi). Ananiz eenemuunoi
MiHAUGOCMI 8 OQOCHIOHIU 2pyni meapuH Nposoounu 3 euxopucmauuam 10
Mikpocamenimuux n0xycie pexomenooganux FAO-ISAG: ETH225, BM2113, ETHS3,
BM1818, BM1824, ILSTS006, INRA023, TAGLA053, TAGLA122, ETHI0. IIpooykxmu
amniigikayii po30inanu 6 HAMUBHUX NONIAKPULAMIOHUX 2ensax. Bci docnidoceni nokycu
sUABUIUCH noaiMoppHumu. Kinbkicmv eussnenux anenié Ha JOKYC KOAUBALACh 8i0 2
(ETH10) 0o 10 (TGLA0S53) (v cepeonvomy 5 anenié Ha 10KYC), pO3IMIP AKUX 3HAXOOUBCS
6 medcax 6i0 117 n.n. (ETH3) — oo 307 n.n. (ILSTS006). Ilepesasicna 6inbuicmo
00CNIOHCEHUX JIOKYCI8 Hanexcums 00 ingopmamusHo-yinnux mapkepie (PIC > 0,5).
Haiibinow nonimopgpnumu  eusasunuca noxycu TGLA053 (PIC=0,81) ma INRA023
(PIC=0,72). Po3paxoéano  OCHOBHI  NORYIAYIUHO-CEHEMUYHI — napamempu  3d
docniodacysanumu nokycamu. Haiisuwi 3nauenns noxaznuxie cemeposucomuocmi (He) i
epexmusnoi kinokocmi anenis (ne) 6ynu enacmusi roxycam TGLA0S3 (H.=0,82, ne=5,7)
ma INRA023 (H.=0,73, Nne=3,8). Minimanvhi 3nauenHs haxmuunoi cemepo3ucomuocmi
scmanosneni ons nokycie ETHI10 (Ho=0,21) i TGLA122 (Ho=0,44).

s b6invuocmi mikpocamenimuux 10Kyci6 61ACMUBUM € PIBHOBANCHULL CIAH MIdHC
Gdaxmuunumu i 04IKy8AHUMU NOKAZHUKAMU 4acmom 2eHomunis, Bipocione gioxunenns y
suenadi degiyumy cemepozuzom ecmanognero auwe 0as aokycy TGLA122 (Fis = 0,29;
p <0,05).

IIpoananizosano 3minu 6 ceHemuuHiu cmpykmypi O00CHiOHOI nonyasayii Kopie
nOpoOU Wapone NOPIGHAHO 3 OAHUMU NONEPEOHIX POKI6 ma Nonyasayil 3 IHUUX pe2ionie
ceimy. Ompumani pezyiomamu c8i0uams NPO CYMMEBE 38VHCEHHS 2eHEeMUUHOT
MiHIUBOCMI Y 8IMYU3HANIL nonyaayii wapore. L]e mooice mamu 6 nOOAIbULOMY HE2AMUBHI
HAcnioku  ma nompeOye NONOBHEHHS ANeIbHO20 DIHOMAHIMMA mMa KOHMPOIIO
2EHEMUYHUX Npoyecié 8 CcenleKyiliHo-niemMinHiu pobomi 3a euxopucmanus J[HK-
mapxepis.

KurouoBi cjoBa: MikpocaremniTd, moaiMopdi3M, MOMyJsIis, IIapoJie, ajeib,
TEHOTHII, TE€TEPO3UTOTHICTh

Introduction. Knowledge of the genetic diversity of cattle (cattle) is an important
step for effective management of genetic resources in agriculture. Assessment of the
genetic diversity of animals is carried out using molecular markers. Microsatellites are
the most involved DNA markers for this type of research. Microsatellites (short tandem
repeats, STR ) are widely used for animal identification and genetic examination of origin,
scientific support for breeding work, determination of the level of consolidation of created
groups and the degree of genetic differentiation of populations (Debrauwere H. et al.,
1997; Senan S. et al., 2014). Microsatellites can be used as a fairly subtle and effective
tool for studying genetic variability, which allows monitoring processes, in particular, in
artificially reproducible populations of farm animals (Shel'ov, 2017; Al-Jubori & Senkal,
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2023) (Shel'ov, 2015; Mishra S. et al., 2017; Zhao J. et al., 2017).

To assess the biodiversity and genetic research of cattle, the International Society
for animal genetics (ISAG) and the Food and Agriculture Organization of the United
Nations (FAO) have proposed microsatellite panels and recommendations for their use in
scientific research (ISAG/FAO, 2004; FAO, 2011). ISAG recommends 12 STR loci
(TGLAS3, TGLA122, TGLA126, TGLA227, ETH3, ETH10, ETH225, SPS115,
INRA23, BM2113, BM1824, BM1818) based on dinucleotide repeats for testing and
confirming paternity (Koskinen, 2006). According to the FAO recommendations, 30
microsatellite loci were identified for cattle (FAO, 2011).

The study of allelic polymorphism of cattle microsatellite loci began in the late
1990s. This development coincided with the introduction of specialized equipment,
namely DNA analyzers such as Abi377, Abi3110, and their more modern versions. These
analyzers enabled accurate fragment analysis of amplified segments. As a result,
deviations in determining the number and size of microsatellite alleles were minimized.
However, most domestic scientists of the NAAS system are deprived of the possibility of
using such equipment and, at best, send samples for analysis abroad. An example of such
works is the study of microsatellite variability of native cattle breeds of domestic
selection, such as Ukrainian Gray (Shkavro et al., 2010), lebedinskaya (Shkavro et al.;
2018, Ladyka et al., 2019), Krasnaya stepnaya (Kramarenko et al., 2018), Southern Meat
(Sneginetal., 2019, Kramarenko, 2019), Buffaloes (Dzitsiuk et al., 2020). Given the great
desire to engage in research in this area, we searched for alternative methodological
approaches. This possibility was found based on the use of native gel electrophoresis and
detailed analysis of the conformational structure of the DNA molecules that are formed
(Kulibaba & Liashko, 2016).

The paper presented for consideration is a continuation of the study of
microsatellite polymorphism of cattle populations in the Kharkiv region (Liashko et al.,
2024) and is devoted to the study of the genetic variability of one of the breeds of meat
productivity — the Charolais breed. The versatility to adapt to a wide range of farming
conditions has made Charolais a widely used cattle meat breed in the world. In Ukraine,
populations of the Charolais breed were mainly concentrated in the experimental farm
"Gontareva" of the Institute of animal husbandry of the National Academy of Sciences,
LLC "Rachanskoe" of the Zhytomyr region and LLC "Agricor holding" of the Chernihiv
region (Petrenko et al., 2016).

Purpose of the study. To assess the genetic diversity in the Charolais cattle herd
SEEF "Hontarivka" (Kharkiv region), which is a specialized breeding farm for breeding
this breed. To analyze the changes that occurred during the reproduction of the local
Charolais population on the basis of reproductive and breeding management, as well as
local isolation, data on the genetic diversity of the Charolais breed of the same farm, made
in 2010, will be used (Shkavro et al.) and from other regions of the world (Sifuentes-
Rincon et al., 2007; Putnova et al., 2011).

Materials and methods. The object of research was the number of cows of the
meat direction of productivity of the sharolezh breed of Ukrainian selection, which was
kept in the breeding reproducer of the State Enterprise Experimental Farm "Hontarivka"
(Volchansky district, Kharkiv region) in 2018. The sample consisted of 30 individuals.
DNA isolation was performed from hair follicles using the NeoPrep DNA reagent kit
(Lab Neogene P.C., Ukraine).

10 microsatellite loci from the FAO-ISAG list were used to study microsatellite
variability: ETH225, BM2113, ETH3, BM1818, BM1824, ILSTS006, INRA023,
TAGLAO053, TAGLA122, ETH10.

Amplification of fragments of the studied loci was performed using the Amply-4
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thermal cycler (Biocom, Russia) according to the appropriate program: 1 cycle —
denaturation 94°C 3 min; 35 cycles — denaturation 94°C 20 s, annealing 30 s (56-62 °C
depending on the locus), elongation 72°C 55 S; 1 cycle — final elongation 72 °C 10 min.
The volume of the reaction mixture was 10 pL, which included 5 pL of Mastermix
(2xbuffer with 4 mM MgClz, 0.4 mM DNTP mixture and 0.5 units. DreamTagq DNA
polymerase (Thermo Scientific)), 2.5 uL of 1 pM primer and 2.5 uL of DNA Matrix.

Amplification products were separated in native polyacrylamide gels of various
concentrations (5-8 %). Gel staining was performed using ethidium bromide
(visualization was performed in the ultraviolet spectrum) or silver nitrate. Genotyping of
individuals based on a set of microsatellite markers was performed according to the
method of assessing the conformational structure of DNA under the conditions of native
PAAG electrophoresis based on the use of available equipment (Kulibaba & Liashko,
2016). This makes it possible to accurately determine the allelic spectrum (number of
alleles) of the studied SSR loci. The disadvantage of this approach is certain inaccuracies
in determining the size of amplified fragments.

The fragment size was determined using molecular weight markers pUC19 and
O'RangeRuler 20 bp (Thermo Scientific, USA). Molecular weights of amplification
products were calculated using the GelAnalyzer program (version 2010a freeware).
Control of the software calculation of the size of electrophoregram fragments was
performed using a millimeter ruler on a monitor screen.

Based on the data obtained, genotype and allele frequencies, actual (Ho) and
expected (He) heterozygosity, effective allele count (ne), Wright fixation index (Fis) were
calculated, and The Hardy-Weinberg genotype distribution was checked using the
GenAlEx 6.503 add-on integrated in Excel (Peakall &Smouse, 2012). https://biology-
assets.anu.edu.au/GenAlEx/Download.html).

Research results. Based on the results of the conducted studies, it was found that
all microsatellite loci that were used in experimental animal populations are polymorphic
(the proportion of polymorphic loci was 100 %). The number of detected alleles ranged
from 2 (ETH10) to 10 (TGLAO053) per locus. The analysis of the obtained results of
genotyping of individuals allowed us to identify a total of 50 alleles for 10 microsatellite
loci (an average of 5 alleles per locus), the size of which ranged from 117 bp (ETH3) to
307 bp (ILSTS006) (table 1).

Table 1
Allele frequencies in the study population at 10 loci
locus Allele frequency (allele (bp)-frequency)
ETH10 216-0,89 218-0,11
BM1824 190-0,15 | 194-0,46 | 196-0,39
BM1818 266-0,08 268-0,63 276-0,19 278-0,10
ILSTS006 291-0,11 295-0,28 301-0,11 307-0,50
BM2113| 125-0,22 127-0,09 135-0,17 137-0,50 139-0,02
ETH3 117-0,65 119-0,10 121-0,04 125-0,17 127-0,04
TGLA122| 148-0,56 152-0,03 156-0,17 160-0,17 172-0,07
ETH225 | 140-0,02 | 144-0,05 | 146-0,02 | 150-0,22 | 152-0,60 154-0,09
INRAO23| 199-0,04 | 203-0,18 | 205-0,40 | 211-0,04 | 215-0,25 219-0,09
154- | 158- | 160- | 168- | 170- | 174- | 178- | 180- | 182-
TGLAS3] 011 | 0,04 | 007 | 0,06 | 003 | 017 | 0,04 | 033 | 0,11 190004
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The highest level of polymorphism in the study population was found at the
TGLAA53 locus (10 alleles). However, the frequency of occurrence of only 2 alleles of
this locus was 0.17 and 0.33, and for 6 out of 10 alleles, the frequency value was in the
range of 4-7%, which affected the value of the effective number of alleles (ne = 5.68 (57)
(table. 2).

Table 2
Main genetic and population indicators in the experimental group of cattle by
microsatellite markers

L ocus Indicators

Na Ne Ho He Fis xZ PIC
ETH225 6 2,38 0,60 0,58 -0,03 0.071 0,46
BM2113 5 2,98 0,63 0,66 0,05 0.124 0,62
ETH3 5 2,15 0,51 0,54 0,06 0.185 0,50
BM1818 4 2,23 0,57 0,55 -0,04 0.079 0,51
BM1824 3 2,59 0,58 0,61 0,05 0.145 0,54
ILSTS006 4 2,84 0,62 0,65 0,05 0.128 0,63
INRAO23 6 3,76 0,75 0,73 -0,03 0.045 0,72
TGLA53 10 5,68 0,79 0,82 0,04 0.08 0,81
TGLA122 5 2,65 0,44 0,62 0,29 5.06* 0,58
ETH10 2 1,24 0,21 0,20 -0,05 0.15 0,18
Average 5,0 2,85 0,57 0,60 0,04 0.61 0,56
Error 0.68 0.37 0.05 0.05 0.03 1.56 0.05

Notes: Na - number of alleles, n. — effective number of alleles, Ho — observed heterozygosity, He — expected
heterozygosity, Fis — Wright fixation index, PIC - information polymorphism Index, * - P<0.05.

For 6-allele loci, the most aligned in allele frequencies (0.17 to 0.06) and the
maximum value of their effective number (ne = 3.8 (63 )) was locus INRA023. among
loci with 5 alleles, the most uniform distribution of allele frequencies was observed for
locus BM2113 (0.2 to 0.075), of which 60 % (ne = 2.98) can be considered effective.
Higher ne scores occurred for the less polymorphic loci ILSTS006 (2.84 and 71% of
effective alleles) and BM1824 (2.59 and 86%, respectively) (Table 1). 2).

Analysis of the distribution of expected heterozygosity (He), as one of the main
indicators of genetic variation in the population, revealed the average level of the studied
trait for a set of microsatellite loci (He = 0.6 + 0.05). High values of expected
heterozygosity were established for loci TGLAO53 (He = 0.82) and inra023 (He = 0.73).
The lowest level of variability in the study population was observed at the two-allele
ETH10 locus (He = 0.2), which coincides with the actual number of heterozygous
individuals (Ho = 0.21) and corresponds to the normal Hardy-Weinberg distribution (%=
0.15; table. 2).

The vast majority of microsatellite loci are characterized by an equilibrium state
between actual and expected indicators (x? = 5.1; p < 0.05), which was caused by an
excess of homozygous individuals (Fis = 0.29). The average value of the Wright fixation
index gives reason to believe that an independent state of genotype distribution occurs in
the experimental cow population (Fis = 0.04 + 0.03; table. 2).

Based on the results of the conducted studies, it was found that most of the studied
loci belong to informatively valuable markers (average PIC value=0.56 + 0.05). The
exception is loci ETH10 (PIC = 0.18) and ETH225 (PIC = 0.46).

The results of the analysis prove the possibility of using 9 out of 10 SSR markers
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for certification, identification and confirmation of the origin of individual individuals
within the studied cattle populations.

Discussion. To analyze the changes that occurred during the reproduction of the
experimental Charolais population, we used data on the genetic diversity of the Charolais
breed from the same farm, made in 2010 (Shkavro et al., 2010), as well as populations
from other regions — Mexico (two populations, Sifuentes-Rincon et al., 2007) and the
Czech Republic (Putnova et al., 2011). Table 3 shows data on indicators of genetic
variability of Charolais populations (total number of alleles at the locus (Na) and expected
heterozygosity (He)), the analysis of which allows us to draw certain conclusions
regarding the assessment of genetic processes that occur in artificially reproduced animal
populations.

Table 3
Indicators of genetic variation in Charolais populations from different regions

Population, variability indicators
Locus Charl Char2 Char3 Char4 Charb
Na He Na | He Na | He Na |He |Na |He
ETH225 6 0,58 5 051 |5 0.74 - - - -
BM2113 5 0,66 5 0.67 7 0.82 8 0.80 |9 0.78
ETH3 5 0,54 5 053 |5 0.55 - - - -
BM1818 4 0,55 - - 7 0.78 - - - -
BM1824 3 0,61 3 066 |5 0.73 6 0.80 | 8 0.78
ILSTS006 |4 0,65 - - 10 | 0.88 - - - -
INRAO23 |6 0,73 6 0.76 10 | 0.78 13 |0.87 | 13 0.88
TGLA53 10 0,82 10 {083 |- - 13 | 091 |14 |0.88
TGLA122 |5 0,62 - - 11 | 0.74 - - - -
ETH10 2 0,20 2 019 |4 0.15 3 048 | 5 0.40
TGLA226 | - - 3 053 |5 0.58 - - - -
TGLA227 | - - 6 081 |9 0.84 - - - -
SPS115 - -- 5 062 |5 0.51 - - - -

Notes. Charl-own data; Char2-Shkavro et al., 2010; Char3-Czech population, Putnova et al.,
2011; Char4-Mexican (import from France), Char5 — Mexican (import from France , Great Britain and
Ireland), Sifuentes-Rincon et al., 2007; Na-number of alleles, He-expected heterozygosity

It should be noted that it was not possible to analyze polymorphism for all the
studied loci due to the fact that the authors used different microsatellite panels. 7 common
loci were found to compare Char1-Char2, 9 for Char1-Char3, 5 for Charl-Char2 (Char3).
In addition, it is incorrect to compare the size of alleles and their frequencies for the
Ukrainian Charolais population (Char1-Char2), but comparing data obtained using DNA
analyzers (Char2-Charb) is of interest.

Analysis of the genetic structure of the Ukrainian population of Charolais cattle
during 2010-2018 (possibly another period of time in the absence of information about
the year of birth of cattle of the experimental livestock) revealed the absence of significant
changes in the main indicators. The total number of Charl-Char2 alleles was 37 and 36
(average 5.3 and 5.1, respectively), and the average level of expected heterozygosity (He)
in both groups of cattle was 0.59. The absence of changes in the genetic variability of the
experimental population may be due to the peculiarity of the reproduction scheme of this
breed based on the use of a limited number of breeding bulls in the breeding core.

The results of assessing genetic variability in Charolais populations from other
regions confirm our assumption. If we compare the data with the Czech population
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(Char1-Char3, table.3), we have a significant advantage of Char3 both in the total number
of alleles 64 versus 40 (Charl) (on average 7.1 and 4.4, respectively) and in the average
level of heterozygosity (He“"9® = 0.69; He"9! = 0.57).

For the Mexican population of Char4 (imported Charolais animals from France),
the indicators of genetic variation at 5 common microsatellite loci have even higher
values: N.°"* = 43 (medium 8.6) and Hc“™%* = 0.77 compared to the Ukrainian
population (N2t = 26 (5.2) and He"91= 0.60). A similar trend is observed for another
Mexican population of Char5, created on the basis of Charolaise animals imported from
France, Great Britain and Ireland (N."" = 49 (average 9.8), HeS"%9%5= 0.74).

Let's consider how the qualitative composition of alleles for the studied loci
changed in the Ukrainian population of the Charolais breed. We are talking about the
frequencies of the most common alleles inherent in the original forms of French breeding
(Table 4).

Table 4
The most common alleles in Charolais cow populations
Population
Locus Char2 Char3 Char4 Char5
BM2113 131, 135, 137 131 131 133,135
TGLA53 166, 170 - 151, 153, 157 155, 157, 159
INRAO23 200, 206, 214 206 203, 205, 207 199,203, 205
BM1824 178, 182, 188 182 178,182 180, 182, 184

Notes. Char2— Shkavro et al., 2010; Char3-Czech population, Putnova et al., 2011; Char4-Mexican
(import from France), Char5 —Mexican (import from France , Great Britain and Ireland), Sifuentes-Rincon
et al., 2007; lower underscore-allele with the highest frequency

According to the BM1824 locus, the 182 bp allele is the most common in all
populations. However, out of 5-8 alleles of BM1824, 3 remained in the Ukrainian
population. a similar situation is observed for loci INRAO23 (high frequency of
occurrence of the INRA023%%6P allele and a decrease in variability from 10-13 alleles to
6), BM2113 (predominance of the BM211331 allele, a decrease in the number of alleles
from 7-9 to 5). The lowest genetic variability among all populations was observed for
ETH10. Of the 6 known alleles of this locus, two ETH102* and ETH102!°* remained
in the Ukrainian population and completely lost alleles, which were most common in the
populations of French origin Char4 (ETH10%1%%") and Char4 (ETH1021%?), as well as two
alleles detected in the Czech Charolais population (ETH10?%1%° and ETH10%%%P).

A significant decrease in the variability of these loci may be due to the
peculiarities of reproductive and breeding management in the domestic Charolais
population, which, according to Shkavro et al. (2010), for a long time bred "by itself" due
to the lack of "blood flow", which usually occurs when purchasing new breeding bulls
and using them in the herd reproduction system.

Conclusions

1. Data from the analysis of 10 microsatellite DNA markers in the population of
cattle of the meat direction of productivity of the Charolais breed of Ukrainian selection
are obtained. The proportion of polymorphic loci was 100 %. The number of detected
alleles per locus ranged from 2 (ETH10) to 10 (TGLAO053) and averaged 5 alleles per
locus.

2. The average level of genetic variability for the set of microsatellite loci in the
experimental population was established (He=0.6+0.05). High values of expected
heterozygosity are characteristic of loci TGLAO53 (He = 0.82) and INRA023 (He = 0.73),
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while low values are characteristic of locus ETH10 (He = 0.20).

3. Most microsatellite loci are characterized by an equilibrium state in the
distribution of genotype frequencies. The deviation was found only at the TGLA122 locus
(% =5.1; p < 0.05) caused by the excess of homozygous individuals (Fis = 0.29).

4. Most of the studied loci belong to informatively valuable markers (average
value PIC =0.56 + 0.05; ), indicating the possibility of their use for certification,
identification and confirmation of origin in the experimental animal population.

5. Analysis of genetic changes that occurred during the reproduction of
experimental populations of the Charolaise breed in comparison with data from other
regions of the world indicates a narrowing of genetic variability, which in the future may
have negative consequences and requires replenishment of allelic diversity and control of
genetic processes in breeding work using DNA markers.
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FEASIBILITY OF USING PROBIOTICS FOR BEES
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The main mechanism of action of probiotics is to normalize the composition of the
biological microflora of the gastrointestinal tract, that is, its colonization by competitive
strains of bacteria-probionts, which carry out non-specific control over the number of
conditionally pathogenic microflora by displacing it from the intestinal biocenosis,
strengthening the barrier functions of the intestinal mucosa in bees, and also activates
the synthesis of hemolymph cells, while stimulating digestion and strengthening the
immune status of the body.

The article presents the results of studies of the antimicrobial properties of Bilact
and Enteronormin preparations against putrefactive pathogens (Penibacillus larvae,
Melisococcus pluton) in the laboratory. Their influence on the factors of non-specific
resistance of bees is determined.. Experimental studies to verify antimicrobial properties
were performed by Agar diffusion. The criterion for evaluating effectiveness was the size
of the growth retardation zone (mm). To determine the effect of the drugs "Bilact™ and
"Enteronormin” on the body of adult bees, studies were conducted in bee colonies.
Families of the I-th experimental group were added to the feed of the drug "Bilakt", the
I1-th group — the drug "Enteronormin”, control — pure sugar syrup (1:2). Hemolymph
was taken from bees before the experiment. During the experiment, hemolymph samples
were taken after 7, 14, and 21 days and the activity of lysozyme, phagocytosis, and
hemolymph bactericide were determined.

It was found that the experimental strains Penibacillus larvae and Melisococcus
pluton were sensitive to both microbiological preparations: the growth retardation zone
for crops even at the lowest concentration of 1.0 x 103 Kou/cm3 exceeded 15 mm. It was
found that the preparations "Bilakt™ and "Enterohormin" showed approximately the same
effectiveness in relation to pathogens of bee brood rot. Both drugs at a maximum
concentration of 1 x 109 Kou/cm3 caused growth retardation of both putrefactive
pathogens in 24.9+£0.71 mm and 24.5+0.51 mm (Bilact) and 23.8+0.8 mm and 24.2+0.84
mm (Enteronormin).

It was found that the activity of lysozyme in the hemolymph of bees of Group | was
1.4 times higher 7 days after feeding a mixture of sugar syrup with Bilact 21 days later —
1.7 times higher than in the control. The activity of lysozyme in the hemolymph of bees of
Group Il was 1.5 times higher 7 days after feeding the drug "Enteronormin”, after 21 days
— 1.7 times more than in the control. Lysozyme activity in the hemolymph of bees of groups
I and Il 7 days after the end of top dressing was increased by 43.8% and 45.7%,
respectively, compared to the control.

Differences in the indicators of bactericidal activity of hemolymph indicators
before and after the use of probiotics were revealed. The results obtained indicate that
feeding the preparations "Bilakt" and "Enteronormin” contributes to an increase in the
factors of non — specific resistance of the Bee body (lysozyme activity by 1.4, 1.7 times,
phagocytosis by 1.1 times, bactericidal factor of hemolymph-by 2.0 times).

Keywords: bees, pathogens of bacterial diseases, probiotics, hemolymph,
humoral and cellular immune factors.
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JAOUIJIBHICTD 3ACTOCYBAHHS NPOBIOTUKIB UIA BKIJI

Ipuna MACJIIM, xkauauaaT BeTepUHAPHUX HAYK, CTAPIINH HAYKOBHIL
CIiBPOOITHUK
https://orcid.org/0000-0002-8671-3356
Incruryr TBapunnuuTea HAAH, Xapkis, Ykpaina

Ocnognuii mexanizm 0ii npobiomuxie nouseac 6 Hopmanizayii cknady 6iono2iuHoi
MiKkpoghnopu ULTYHKOBO-KUUKOBO20 mpaxmy, moomo io2o 3aceneHHi
KOHKYDEHMOCHAPOMONCHUMU — Wmamamu  Oakmepiu-npooionmis, aKi  30ILCHIOIOMb
Hecneyu@iunuti KOHMPOJib HAO YUCENbHICIIO YMOBHO-NAMO2EHHOT MIKPODIOpU UAAXOM
BUMICHEHHS 11 3 KUUKOB020 OI0YeH03Y, NOCUNEeHHI 6ap 'epHUX QYHKYIU CIU30801 00010HKU
KUWLEYHUKY )Y DOJHCIN, A MAKoNC aKmugizye npoyecu CUHme3sy KImuH cemonimgu, npu
YbOMY CIMUMYTIOEMbCS MPABLEHHS MA NOCUTIOEMbCS IMYHHULL CIMAMYC OP2AHIZMY.

Y emammi suxnadeno pezyromamu 00CnioNceHb AHMUMIKPOOHUX 81ACmMU8ocmeli
npenapamie «binakmy» ma «Eumeponopminy wooo 36yonuxie enunvyie (Penibacillus
larvae, Melisococcus pluton) y nabopamopnux ymoeax. Buznauero énius ix na paxmopu
Hecneyuiunoi pesucmenmuocmi 600xcin. Excnepumenmanvni 0ocnioxcenus wooo
nepesipku  aHMuMIiKpOOHUX G1ACMUBOCMell NposoouIU Memooom ouysii 6 aecap.
Kpumepiem oyinku eghexmusnocmi 0yna eenuyuna 30Hu 3ampumku pocmy (mm). s
BU3HAYeHHs 6naugy npenapamis «binakmy ma «EnmepoHOpMiHy Ha Op2aHizmM imazo
00acin docniocentss npogoounu vy 00xconunux cim’sx. Cim’sm I-i docrnionoi epynu
o0odasanu 6 kopm npenapam «binakmy, II-i epynu — npenapam «Eumeponopminy,
KOHMPOTbHUM — yucmutl yykpoguil cupon (1:2). V 60dicin neped oocnioom 6iobupanu
eemonimghy. B npoyeci docnioy spasku eemonimehu 6iobupanu uepes 7, 14, 21 0oby ma
BUBHAYATU AKMUBHICMb NI30YUMY, (hazoyumo3y ma 6aKmepuyuoOHOCmi 2emMoniMpu.

Bcmanosneno, wo oocnioni wmamu Penibacillus larvae ma Melisococcus pluton
BUABUNUCH YUYMAUBUMU 00 000X MIKPOOIONIO2TUHUX npenapamis: 30HaA 3aMPUMKU POCHY
01 Kynbmyp Hagime y HaumeHwinu konyenmpayii 1,0 x 103 KOY/cm3 nepesuwuna 15
Mm. Bemanoeneno, wo npenapamu «binakm» ma « Enmepo2opminy nposeunu npubausHo
00HAK08Y eeKmuUsHiCmb No BiOHOUIEHHIO 00 30VOHUKI@ SHUNbYIE PO3NI00Y OONCI.
Obuosa npenapamu y maxcumanvhi koHyewmpayii 1 x 109 KOV/cm3 suxnuxanu
3ampumxy pocmy 060x 30y0HuKie enunvyie y 24,9+0,71 mm i 24,5+0,51 mm (binakm) ma
23,840,8 mm i 24,2+0,84 mm (Enmeponopmin).

Bcmanosneno, wo axmuenicme nizoyumy y eemonimehi 60xcin I epynu 6yna
oinbwe 6 1,4 pasu uepez 7 0i6 nicisa 320008Y8aHHS CYMIULL YYKPOBO2O CUPONY 3
npenapamom «binakmy uepes 21 006y — 6 1,7 pazu binvuie Hidc y Konmpoiui. Akmuenicmo
aizoyumy y eemonimpi 60xcin Il epynu oyna 6invwe 6 1,5 pasu uepe3 7 0i6 nicis
320008y8anus npenapamy « Enmeponopminy, uepez 21 000y — 6 1,7 pasu Oinvuie nixc y
Kowmpoai. AkmusHnicms nizoyumy y eemonimpi 60xcin I ma Il epynu uepes 7 0i6 nicis
3aKiHyenHs nioeodieni oyna oinvue Ha 43,8 % ma 45,7 % 6i0n0gioHo 8 NOpiGHAHHI 3
KOHMPOTIeM.

Busieneno 6iominHocmi noxkazHuxie OAKmepuyuoHoi axmueHoCmi NOKA3HUKIB
eemonimgbu 0o i nicaa 3acmocysanns npooiomukie. Ompumani pe3yibmamu 6Ka3ymb
Ha me, WO 320008y8aHHA npenapamie «binakmy ma «EnmepoHopminy cnpuse
nioBuUWeHH0  (hakmopie  HecneyuhiuHoi  pe3UCmeHmHoCmi  Opeauizmy  0OHiCin
(axmuenocmi nizoyumy 6 1,4, 1,7 pasu, ¢pacoyumosy 6 1,1 pasu, baxmepuyuono2o
Gdaxmopy cemonimghu — 6 2,0 pazu).

KuarouoBi cinoBa: Omkxonu, 30yTHUKH OakTepiaJbHUX XBOPOO, MPOOIOTHKH,
remoiimMda, ryMopaibHi Ta KJIITHHHI PaKTOpH IMYHITETY.
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The environment, honeybees and their microflora are the only ecological system
that responds to any changes. In the normal physiological state of bees, the relationship
between the body and microflora is generally symbiotic, which was formed and fixed in
the process of evolutionary development. Nectar, pollen, and water enter the hive from
the environment (DeGruttola, A. K. et al., 2016; Glenny, W. et al., 2017; Vagner de
Alencar Arnaut de Toledo et al., 2020). However, it is important to know the diversity of
microorganisms in the environment — hive biocenosis, especially due to the spread of
pathogens that pollute bee products and the bee nest in the hive (fig. 1).

The figure schematically shows how parasites (varroa mites, Acarapis), protozoa
(Nosema spp. Malpighamoeba mellificae), pathogenic viruses (black queen bee (BQCV),
deformed wings (DWV), Kashmir Bee (KBV), sac-like brood (SBV), acute and chronic
paralysis (ABPV, CBPV), Israel acute paralysis (IAPV) slow paralysis (SPV)) enter the
middle of the nest and are distributed throughout it.
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Fig. 1. Pathogens and beneficial microorganisms in honeybees: one of the
ways — bee food infection occurs through nectar, pollen (on flowers) and water
collected by worker bees in the environment; the second — food is stored in the Hive
and can be transmitted by trophalaxis between workers and brood; the third — is
the consumption of infected honey and/or pollen from other hives by honeybees
(based on materials: Honey Anaalysis. New Advances and Challennges. Edited by
Vagner de Alencar Arnaut de Toledo, Emerson Dechechi Chambo (2020).

There is also a niche of beneficial microbiota in the digestive tract (anterior,
middle, and posterior intestines). Arrows indicate the transfer of microorganisms
internally by hive bees by food route between individuals( brood and Imago), honey
reserves, and parchment in the hive (Vagner De Alencar Arnaut de Toledo, 2020;
Daisley, B., et al.2020).

Beneficial microorganisms can secretly remain in them, waiting for the moment
when the environment becomes suitable for their development. Among the beneficial
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bacteria found in bee products, we can mention some bacteria that act as prebiotics when
ingested (Paytuvi-Gallart, A. Et al., 2020; Tushak, S., 2018).

However, in modern conditions, insects are exposed to a whole range of adverse
factors that affect the normal functioning of the main vital systems: on the one hand, the
deterioration of the environmental situation, an increase in the number of stressful
situations due to insufficient quantity and variety of pollen and honeybees, and on the
other - the mass uncontrolled use of chemotherapeutic drugs, both for plants and bees. A
significant level of microbial contamination of feed and environmental objects leads to
advanced colonization of the insect gut by pathogenic microorganisms, which slows
down and even prevents the formation of normal intestinal microflora (Piccini C. et al,,
2004; Kotsiumbas I. Ya. et al,, 2013, Kalinichenko S. V et al., 2013, Ogrodowczyk, A. M.
et al., 2020).

The increase in output and growth rates of beekeeping products may be a natural
consequence of the introduction of new technologies in the fields of microbiology and
biochemistry, in particular in the correction of biocenoses of the gastrointestinal tract of
bees-the artificial introduction of representatives of beneficial microflora into the hive.
They are called probiotics, the main purpose of which is the formation of a metabolically
active population of probiotic bacteria in the digestive tract, which contributes to a
qualitative change in the composition of intestinal microflora and the displacement of
pathogenic microorganisms. In addition, the use of probiotics promotes the synthesis of
enzymes and other biologically active substances, in particular vitamins, bacteriocins, etc.
(Kalinichenko S. V. et al, 2013).

Probiotics are living microorganisms that have a positive effect on bee health
through anti-infective defense mechanisms, immunomodulatory effects, increased barrier
functions, metabolic effects and positive effects on intestinal motility and function.

According to the form of release, probiotics are divided into two groups - liquid
and dry. Dry probiotics are freeze-dried microorganisms that can be found in powder,
capsules, or tablets. The shelf life of dry preparations is longer than that of liquid ones, in
addition, they are less dependent on environmental conditions and, thus, do not require
strict compliance with storage criteria, and are also much more convenient to transport.
The disadvantage of dry probiotics is that during lyophilization, bacteria lose some of
their useful properties, and after using the Drug, time is needed for the transition of
bacteria from suspended animation to the active form and the onset of action
(Kalinichenko S. V. et al, 2013).

Liquid probiotics are bacteria "with an active life position"”, that is, they retain all
their valuable properties and begin to act immediately after entering the body. However,
firstly, this requires strict compliance with the shelf life conditions, and secondly, the
shelf life of these drugs is shorter than lyophilized analogues-no more than three months.
Liquid probiotics can consist not only of bacteria that are in a physiologically active state,
but also of a special nutrient medium that serves as a source of nutrition for them;
additionally introduced ingredients that enhance the effectiveness of the drug (water -
soluble vitamins, micro-and macronutrients, amino acids, etc.); metabolites (bacterial
waste products).

The most dangerous infectious diseases of bee brood are: American (malignant)
rot, the causative agent of which is the spore-forming Rod Penibacillus larvae larvae,
European (benign) rot, the main causative agent of which is Melisococcus pluton and
others. Parasitic diseases (varooz and acarapidosis), diseases that cause protozoa (Nosema
spp., Malpighamoeba mellificae), as well as pathogenic mold fungi and yeast weaken the
insect body. Rot pathogens do not have the same pathogenicity and virulence, which
largely depends on their concentration: the higher it is, the more often outbreaks of the
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disease occur and the more affected families (Glinski, Z et al., 2001; Piccini C. et al.,
2004, Kutsan O. T. et al. 2013; Daisley, B., et al.2020;).

Factors of non-specific resistance of bees include cells of the hemolymph, body
fat (cellular immunity), as well as antimicrobial fluids (humoral immunity) of the body.
Hemolymph performs protective functions due to the presence of such cells and fluids in
it. It is characteristic that the activity of cellular defense factors depends on humoral ones.
The process of phagocytosis is largely activated by lysozyme, microcins and opsonine.
They increase the rate of phagocytosis. Lysozyme, which is adsorbed on the mucopepid
cell wall of the microorganism, breaks it down. As a result, the osmotic balance is
disturbed and hydrolysis of the microbial cell begins (Glinski, Z et al., 2001).

The cellular basis of the general mechanisms of non — specific resistance of insects
is the antimicrobial activity of the hemolymph, which is associated with the functions of
its shaped elements-hemocytes, including phagocytes, which create prerequisites for
activating the synthesis of antibacterial proteins. Morphological heterogeneity of
hemocytes determines the variety of associated protective processes in the insect body.
Changes in the number, ratio of shaped elements and biochemical parameters of bee
hemolymph are noted both depending on the season, functional and age groups, and under
the influence of pathogens of various diseases and the means of their elimination used
(Szymas B. et al., 2003; Larsen, A. et al., 2019; Danihlik, J. et al.,2018).

Purpose of research. To study the antimicrobial properties of probiotic drugs:
"Bilaktu", which includes Lactobacillus spp. and Bifidobacterium; dry - "Enteronormin™,
containing Enterococcus spp in its composition., Lactobacillus spp., Bacillus spp. on
pathogens of rot (Penibacillus larvae, Melisococcus pluton) in the laboratory. To study
the effect of these drugs on humoral and cellular factors of non-specific resistance of bees:
bactericidal and biochemical parameters of the hemolymph in general, lysozyme activity
in particular, as well as the cellular composition of the hemolymph.

Materials and methods. Epizootic strains of pathogens of American rot —
Penibacillus larvae, European rot — Melisococcus pluton were used in experiments, in the
form of a suspension of 3-day cultures of vegetative cells in the amount of 1.0 x
106 PFU/cm?, the sensitivity of pathogens of rot to drugs was determined: "Bilact” is a
liquid composition of bacteria of the genus Lactobacillus spp. and Bifidobacterium;
"Enteronormin” is a dry-form compound with Enterococcus spp., Lactobacillus spp.,
Bacillus spp.

The preparations were used in concentrations: 1.0 x 103, 1.0 x 106, 1.0 x
109 PFU/cm?. Saline solution of 0.9% was used as a control. The study was performed
by Agar diffusion (Labynskaya, A. S., 1978). Two petri dishes were used in parallel for
each drug.

At the first stage, the lower layer of Agar was poured into sterile petri dishes (for
the causative agent of American rot — Willis-HoBZ medium, for European rot — skull) in
the amount of 10 cm?, left for 30 minutes. for solidification. Three cylinders (10 mm high
and 8 mm in diameter) were placed on the surface of the lower layer at a distance of 4
and 2.5 mm from each other and from the edge of the Cup, respectively. Then the top
layer of selective Agar (for each pathogen) was poured in an amount of 10 cm3 into Perti
cups, evenly distributed over the surface and allowed to harden. At the second stage, 1
cm?® of suspensions of three—day penibacillus larvae culture was applied to the surface of
Willis — HoBZ Agar, and Melisococcus pluton culture was applied to the surface of Skull
Agar and evenly distributed over the agar surface. After 30 minutes. excess suspensions
were removed by sucking out a Pasteur pipette, and the cylinders were removed with
tweezers. Each well was numbered clockwise on the reverse side of the cup and 0.5 cm?®
of the test drug was added at the above concentrations (well volume). Petri dishes were
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kept in a thermostat at a temperature of 37 (+1) °C for (48-120) hours. (depending on the
type of pathogen). The growth retardation zone of the microorganism was determined in
mm by measuring through the center of the well diameter. The experiment was repeated
3 times, the results were processed statistically.

The criterion for evaluating the effectiveness of a probiotic (quantitative indicator)
was the size of the growth retardation zone: — up to 10 mm — the strain was considered
insensitive; — from 11 mm to 15 mm — insensitive; — from 15 mm to 25 mm — sensitive;
— more than 25 mm — highly sensitive.

To determine the effect of the drugs "Bilact" and "Enteronormin” on the body of
adult bees, studies were conducted in bee colonies. For this purpose, two experimental
and one control groups of bees were formed, ten families each. Families of the I-th
experimental group were added to sugar syrup the drug "Bilakt"”, the 11-th group — the
drug "Enteronormin”, the control group was fed pure sugar syrup (1:2). Hemolymph was
taken from bees before the experiment. During the experiment, hemolymph samples were
taken after 7, 14, 21 days and lysozyme activity, bactericidal and biochemical parameters
of hemolymph, as well as the species and quantitative composition of hemolymph cells
were determined.

The bactericidal activity of hemolymph was studied by diffusion into Agar. As
test crops, pathogenic microorganisms for bees were used-pathogens of rot: American,
European, and non — pathogenic — Escherichia coli. On the surface of agar, a culture of
the microorganism at a concentration of 1 billion tons was introduced into a petri dish.
cells / cm®. The cups were kept in a thermostat at 37 °C for 2 hours. With a marker, holes
with a diameter of (3-4) mm were made, into which hemolymph samples were introduced.
The reaction results were recorded after 3, 6, 12, and 24 hours. (Labynskaya, A. S., 1978).
Determination of lysozyme activity in the hemolymph was performed by turbidimetric
method. Micrococcus lysodeikticus culture was prepared on phosphate buffer, and
combined hemolymph samples were diluted 10 times with saline. Experimental and
control samples were examined simultaneously. The amount of lysozyme in the
hemolymph sample was calculated using the calibration curve in mcg/ml (Labynskaya,
A.S., 1978).

Laboratory methods of research in biology were used to determine the
biochemical parameters of protein metabolism in the hemolymph of bees (Vlizlo et al.,
2012).

Smears were prepared from the hemolymph, fixed with methyl alcohol and stained
with Azur-eosin. After washing and drying, the smears were microscopized at
magnification (X900) using a Biolam microscope. 100 cells were counted in a single
smear, assessing the morphological composition of bee hemolymph (Errapcaliu et al.,
2009; Barakat et al., 2016).

Research results and discussion. It is known from the literature that probiotics
are multifactorial therapeutic agents by their mechanism of action. They exhibit
antagonistic activity against a wide range of pathogenic and opportunistic
microorganisms, have a corrective effect on the biocenosis and stimulate reparative
processes in the intestine, activate the body's defenses, improve metabolism, and affect
non-specific factors of bee immunity (Brumfitt W. et al, 2002; Kalinichenko S. V. et al,
2013).

Analyzing our results, it should be noted that the experimental strains Penibacillus
larvae and Melisococcus pluton were sensitive to both microbiological preparations: the
growth retardation zone for crops even at the lowest concentration of 1.0 x 103 PFU /cm®
exceeded 15 mm (table. 1).
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Table 1

Sensitivity of probiotic rot pathogens (Agar diffusion method)

Drug name Concentration, growth retardation zone, mm
concentration, PFU /cm?® P. larvae M. pluton
1,0 x 10° 16,9+0,62 17,1+0,7
«Bilakt» 1,0 x 10° 20,8+0,4 20,5+0,52
1,0 x 10° 24,9+0,71 24,5+0,51
1,0 x 103 20,2+58 20,9+0,47
«Enteronorminy 1,0 x 10° 21,4+0,56 21,8+0,46
1,0 x 10° 23,8+0,8 24,2+0,84
Control (physical
: 0,9 - _
solution)
Note: “—" - no growth retardation zone

Thus, when comparing the antimicrobial effect of the drugs "Bilakt" and
"Enterohormin”, it was found that they showed approximately the same effectiveness in
relation to pathogens of bee brood rot. Both drugs at a maximum concentration of 1 x
109 PFU /cm? caused growth retardation of both putrefactive pathogens in 24.9+0.71 mm
and 24.5+£0.51 mm (Bilact) and 23.8+0.8 mm and 24.2+0.84 mm (Enteronormin),
respectively.

Beneficial microorganisms increase the bactericidal effect of bee hemolymph due
to the accumulation of lactic acid or the formation of a significant number of specific
metabolic products (peptides, carbonyl compounds, hydrogen peroxide, etc.), which have
antibacterial properties. Bactericidal and biochemical parameters of bee hemolymph were
determined in samples taken before the start of the experiment and 21 days after the end
of top dressing. The research results are shown in Table 2.

Table 2
Bactericidal and biochemical parameters of bee hemolymph
hemolymph parameters

Bee groins / Day Bactericidal Totql _Total r_e3|dual

(n=10) factor. h Protein, | nitrogen, nitrogen,
T g/l mg % mg%o
Before feeding with 6 48,413 | 57504102 | 412,0435,5
probiotics
TOE’B?EEE:.'”Q 21 12 63,6542 | 787.0850.8 | 289,0+12.2
_TopDressing | o 12 65,043,1 | 808,0+56,3 | 268,9+12,2
Enteronormin

Control (sugar syrup) | 21 6 52,4+3,1 | 568,4+65,0 345,0+34,2

The study of the bactericidal factor of bee hemolymph showed that it did not differ
in individuals who received top dressing with probiotics. Thus, it was found that
hemolymph delayed the growth of cultures of pathogens of American rot for 12 hours
and exceeded this indicator twice compared to the control, where sugar syrup was fed
without any impurities and the initial indicator (before the experiment). The study of the
bactericidal factor of bee hemolymph showed that it did not differ in individuals who
received top dressing with probiotics.
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Thus, it was found that hemolymph delayed the growth of cultures of pathogens
of American rot for 12 hours and exceeded this indicator twice compared to the control,
where sugar syrup was fed without any impurities and the initial indicator (before the
experiment). Indicators of protein metabolism also indicate a positive effect of probiotics
on the body of bees. A significant increase in the content of total protein and nitrogen in
the hemolymph of bees fed probiotic preparations was established against the background
of a decrease in the amount of residual nitrogen. On Day 21, the total protein index
increased by 31.4% when feeding "Bilaktu” and 34.3 % — "Enteronormin”, total nitrogen
increased by 36.9%, respectively; and 40.5%, residual nitrogen decreased by 29.9% and
34.9%, respectively.

In the process of interaction of representatives of the beneficial flora, which was
a component of probiotic agents and pathogenic microbes, which was located in the Bee
cattery, the death and destruction of pathogen cells and parts of beneficial
microorganisms occurred. At the same time, lysozyme was released from the bacterial
wall, which enhanced the effect of its own from the hemolymph of bees.

When studying the effect of the drugs "Bilact" and "Enteronormin” on the body
of bees, an increase in the activity of hemolymph lysozyme was found (table. 3).

Table 3
Activity of bee hemolymph lysozyme

Group of bees. Lysozyme activity, mcg / ml(n=10)
Selection period, day | experienced Il experimental Control
«Bilakt» “Enteronormin” (sugar syrup)
Before the start of the 364+ 1.5
experiment
7 51,9 +3,8Y 52,6+0,3% 36,1 £ 1,4
14 54,2 +4,1Y 57,7+0,8Y 364+1,5
21 60,7 + 4,19 62,7+1,29 362+ 1,5

Note: 1) — the difference in results is likely compared to the results before the start of top dressing and
the control group, p<0.05.

From the data in Table 3, it can be seen that the activity of lysozyme in the
hemolymph of bees of groups | and Il 7 days after the end of top dressing was higher by
43.8% and 45.7%, respectively, compared to the control.

After 21 days, this difference was 66.7% for the first group, 73.2% for the second
group compared to the control group of bee families. Lysozyme activity in bees from
Control families did not increase during the experiment.

The activity of certain types of hemocytes forms an immune response to the entry
of a significant number of microorganisms into the insect body (Gabor et al., 2020). To
interpret the ability of certain agents to have any effect on non-hemolymph of bees, it is
important to fix the morphological (species) and quantitative composition of the latter's
cells. The effect of probiotics "Bilakt" and "Enteronormin™ in a field experiment on ten
bee colonies was evaluated by manufacturing and microscopy of hemolymph smears:
before the experiment; when using probiotics for feeding bees with sugar syrup after 7,
14, 21 days. Differentiation of hemocytes was based on their morphological and
quantitative characteristics (Barakat et al., 2016; Jazlovitskaya et al., 2014; Richardson et
al., 2018).
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The results obtained indicate that feeding Bilact and Enteronormin preparations
increases the factors of non — specific resistance of the Bee body (lysozyme activity by
1.4, 1.7 times, hemolymph bactericidal factor-by 2.0 times).

It is known that feeding bees with sugar syrup is a natural technological technique
used during the period when there are no bribes in the environment and bees do not have
enough food for the existence and development of families. In addition, it is sugar syrup
that is most often the carrier of drugs that are used for preventive and curative purposes
(Ptaszynska et al., 2016; Saranchuk et al., 2021; Frizzera et al., 2020). The results of
studying the quantitative and morphological characteristics of bee hemolymph cells on
the Slave are shown in Table 4.

Table 4
Quantitative and morphological composition of hemocytes in bee hemolymph
Hemocyte classes
Bee groups/day
) Spherulo- i
of experience Proleuko- Phagocytes Cytes Enocytoids
n=10 - - -
( ) Cytes neutrophilicieosinophilic
Bjrf:;rfgp 14,46+1,33 | 30,62+0,29 | 22,0+0,79 | 25,93+1,2 | 3,0+0,37
Top 7 115,00+£2,69 | 33,0£5,26 | 24,2+1,08 | 25,8+4,38 | 3,0+0,73
Dressing 14 |15,40+0,45 | 32,4+0,45 | 24,12+1,32 | 25,0+0,93 3,0+1,0
"Bilakt" 21 |15,62+0,82 | 31,25+1,45 | 23,244,18 | 26,00+1,38 | 3,0+0,35
Top 7 |15,83+0,88 | 35,62+1,01 | 26,37+1,28 | 26,83+0,73 | 2,66+0,68
Dressing 14 | 16,20+1,88 | 35,0+£2,89 | 25,60+3,05 | 27,60+2,14 | 3,0+0,94
SNETONOT | 21 | 16,040,65 |34,50:4.48 | 24,063,79 | 27.8720,66 | 2,87:0,38
Control 7 |14,50£2,49 | 31,20+1,71 | 22,33+0,85 | 24,0+3,68 3+0,65
(sugar 14 | 14,00+1,27 | 32,33+0,94 | 22,62+0,65 | 23,60+£2,56 | 1,80+0,65
syrup) | 21 |13,62+0,98 | 33,53+1,45 | 23,06+2,22 | 22,75+0,76 | 1,62+0,29

When microscopy smears of individual hemolymph samples at the beginning of
the experiment (before feeding the drugs), the quantitative indicators of hemolymph were:
prodrug cells — 14.46%, phagocytes -56.59%, of which neutrophils — 33.53%,
eosinophilic — 23.06%, spherulocytes — 25.93%, enocytoids — 3.0 %.

Comparison of the indicators of hemolymph smears that were examined before
the start of feeding and after 21 days during feeding with sugar syrup indicates a decrease
in proleukocytes by 0.84%, secretory cells (spherulocytes — 3.18, enocytoids — 1.38 %);
an increase in phagocytic cells — neutrophils 2.91 %; which indicates the aging of bees
and an increase in bacteria in their body, which, in turn, stimulate the growth of
phagocytic function to maintain the body's homeostasis, eosinophils 1.06%, respectively.

Comparison of the results of microscopy of hemolymph smears of the control
group on days 7, 14 and 21 with the groups receiving probiotics "Bilact” and
"Enteronormin™ showed a decrease in neutrophilic and eosinophilic phagocytes and an
increase in proleukocytes and spherulocytes. This may indicate a positive trend in the
hemolymph for the use of drugs and serve as confirmation of the immunostimulating and
activating effect.

The dynamics of a decrease in the number of neutrophilic and eosinophilic
phagocytes was also observed, especially in comparison with the control. A more
pronounced decrease in phagocytic cells was observed in the group in which
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Enteronormin was used. Such results indicate a high activity of probiotic drugs, the
destruction of foreign substances in the hemolymph and the stabilization of cellular
immunity. Analyzing the data, it should be noted that the drugs in sugar syrup have a
more active effect on inactivating foreign inclusions and stabilizing immune processes.

Internal protection is provided by cellular and humoral factors. In (most) higher
animals, two fluids circulate in the body: blood, which performs a respiratory function,
and lymph, which performs mainly the function of delivering nutrients. The blood of
insects differs significantly from the blood of higher organisms and therefore received a
special name — hemolymph. It is the only tissue fluid in the body of insects. Like
vertebrate blood, it consists of a liquid intercellular fluid — plasma and the cells that are
in it — hemocytes. Unlike vertebrate blood, hemolymph does not contain cells that contain
hemoglobin or other respiratory pigment. As a result, the hemolymph does not perform a
respiratory function. All tissues and cells take the nutrients and other substances they need
from the hemolymph and release metabolic products into it. Hemolymph transports
digestive products from the intestinal walls to all organs, and waste products — to the
excretory organs.

The composition of the hemolymph as the internal environment of the insect body
is one of the criteria that characterizes the physiological or pathological state of the honey
bee. The cellular basis of the general mechanisms of non — specific resistance of insects
is the antimicrobial activity of the hemolymph, which is associated with the functions of
its shaped elements-phagocytes, which create prerequisites for activating the synthesis of
antibacterial proteins (lysozyme, Agglutinins, apidacins, abecins) in the cells of the fat
body of bees and their entry into the plasma of the hemolymph. Proleukocytes are known
to be precursors of all other classes of hemocytes. Neutrophilic and eosinophilic
phagocytes appear in those that perform a microphagocytic function. Enocytoids have a
secretory function. Spherulocytes perform protective and secretory functions.

Each type is an independent group of hemocytes that are not related to each other
by origin and do not have morphological transitions. Due to transformations, hemolymph
cells located in different morphological positions can perform different functions.
Usually, each type of Hemocyte accumulates in the maximum amount during a certain
period of life. The number of hemocytes in the hemolymph decreases especially sharply
from the 10th day of life of bees.

With age, the number of young forms of hemocytes decreases, and mature ones
increase. Any stage of bee development, its age and physiological state is characterized
by a specific hemogram that reflects the percentage of different types of hemocytes.
According to the hemogram, it is easy to determine physiological changes in the insect's
body. It can be used to determine the “fatness” of an insect and diagnose diseases in the
early stages of the disease, parasite infestation, and insecticide poisoning.

The insect's hemolymph washes all internal organs and is the environment in
which all cells of the Bee's body live and function. It performs a number of functions,
including protective. This function involves plasma proteins, hemocytes that have the
ability to phagocytosis, and cells that form Hemocyte capsules around multicellular
parasites. Hemocytes also have the ability to accumulate in places where damage to the
body has occurred, forming a kind of plug that closes the wound. In this case, hemocytes
multiply and Dead Cells phagocytosis occurs.

Maintaining the immunity of bees is an important link for the Prevention of
infectious diseases. In particular, the cellular mechanisms of the immune defense of Apis
mellifera are responsible for a number of protective barriers that promote the destruction
of foreign agents and ensure the ability of phagocytic cells to respond by lysis and
phagocytosis reactions to the penetration of bacterial pathogens or cause their uptake for
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neutralization (Larsen et al., 2019). However, it should be noted that the activity of
phagocytic neutrophils of the hemolymph in laboratory conditions is slightly lower than
in the conditions of natural existence. Moreover, in bee colonies living in hives, there is
a phenomenon of so-called social immunity, in which the bees of a particular colony are
able to orally transfer immunological compounds between the members of the hive
(Harwood et al., 2021). This type of immune metabolism is probably activated in the
event of increased resistance of each individual Bee from the insect colony (synthesis of
certain antibodies). Our results indicate that it is advisable to use pro biotic preparations
for feeding bees, either with sugar syrup or in the form of Kandy as a stimulant to increase
the resistance of bee colonies and maintain protective properties at the proper level.

Conclusion

1. Based on the above, we can conclude that among the scientific and practical
directions, the development of modern methods for studying the composition and activity
of insect microbiocenoses is relevant; detailing the molecular, biochemical and other
mechanisms of action of probiotics for their effective use in the prevention and treatment
of various diseases, an in-depth assessment of the safety of drugs containing probiotic
strains.

2. Thus, there is no doubt that the scientifically based use of probiotics is an
important method for preserving and restoring bee health.
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One of the most pressing challenges in the field of agricultural science is the
production of high-quality milk on industrial farms. In light of these conditions, there is
an urgent need to ensure animal health and prevent mastitis. The generation of new ideas
for improving current milk production technologies and technical solutions that ensure
their high competitiveness should be a key priority in this process. Drawing on a wide
range of information materials from both domestic and international databases in the
field of intellectual property, the article contends that manufacturers currently offer a
variety of devices for processing and evaluating cow udders. However, it is noted that not
all of these devices are universally applicable and that there are some disadvantages
associated with their use. The article presents the results of the development of devices
for processing and evaluating the udder of cows. These were based on the results of a
patent search and theoretical analysis of existing analogs and prototypes. As part of this
work, the initial parameters, design features, and main advantages of the developed five
devices for processing cow udders both before and after milking are substantiated. These
devices are easy to use, provide optimal consumption of mammary gland treatment
products, help reduce manual labor costs for machine milking operators, improve milk
quality, and reduce the level of animal mastitis. A device for assessing certain properties
of teats has been developed. The new technological devices differ from existing analogs
not only in their simplified design, but also in being more technologically advanced and
cost-effective. The results obtained from implementing the proposed devices in practice
will allow us to offer new and effective programs for managing the processes of high-
quality milk production in the functional system "man-machine™. They will also contribute
to the introduction of auxiliary biological tests and rational technological approaches to
its evaluation shortly.

Keywords: cattle, udder, processing, device, scheme.
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OmpumanHs 8UCOKOSIKICHO20 MONIOKA HA (hepMax nPOMUCI08020 MUNY € OOHUM i3
AKmyaibHUx 3a60aHb A2papHoi HAYKU. 3a yux yMo8 UHUKAE HA2AbHA HeoOXIOHICmb &
3a6e3neyeHni 30epesicents 300p08 s meapur ma npo@PiNaKmuKu UHUKHEHH MACMUmMie.
Yinone micye 6 ybomy npoyeci Mae nocicmu NUmMauHs 2eHepy8aHts AKICHO HO8UX ioell
U000 YOOCKOHANEHHs NOMOYHUX MEXHONO2I GUPOOHUYMBA MONIOKA MAd MEXHIYHUX
piuens, AKi 3a6e3neuyoms 1o20 UCOKY KOHKYPEHMOCHPOMONCHICMb. 3a Y3a2albHeH s
iH(hopmayitinux Mmamepianié GiMUUHAHUX ma 3apyOixcHux 6a3 oanux y cghepi
IHMeNeKmyanbHoi  81ACHOCMI  Ap2YMeHmOo8aHo, WO HA CbO20OHI BUPOOHUKAMU
3anponoHOBAHO YLy HUZKY NPUCMPOi8 OJisi 00poOIenHs ma OYiHKU 6UMEHI KOpis, npome
He 6CI 60HU € YHIBEPCANbHUMU MA MAOMb P10 HeOOIKi6 3a 8UKOpucmauua. Y cmammi
BUKTIAOEHO pe3yIbmamu wooo po3poooK Npucmpois 01 0OpodIeHHs ma OYiHKU GUMEHI
KOpI8, AKI BUKOHY8ANU 3a HACTIOKAMU NAMEHMHO20 NOULYKY MAd MeopemuiyHo20 analizy
ICHYIOYUX aHanoeie i npomomunie. Y pamkax npogedenoi pobomu 00TpYHmMOBAHO GUXIOHI
napamempu, KOHCMPYKMUBHI 0COOIUBOCMI Ma OCHOGHI nepesazu po3poOaeHux n’simu
npucmpois 0ns 00pobieHHs: BUMEHI KOpi6 K neped, mak i niclis 00iHHA, AKI npocmi y
3acmocy6anHi, 3a0e3neuyroms ONMUMAIbHY UmMpamy 3acodis 0Jisi 00poOIeHHS MONOUHOT
3a103U, CNPUAIOMb 3HUICEHHIO 8UMPAMmM PYYHOI npayi onepamopié MauuHHo20 OOiHHS,
0arome 3M02y NOKPAWUMU AKICMb MOJIOKA Md 3HUSUMU PIGeHb 3AX80PIOBAHHS MEAPUH
Ha macmumu. Po3pobreno npucmpiii 01151 OYiHI08AHHA OKpeMux 61acmugocmetl OilioK.
Hoei mexnonoziuni npucmpoi 6upizHaiomucs 6i0 iCHYIOUUX AHANO2I8 He TuLle CHPOUEHOTO
KOHCMPYKYi€io, ane U € Oinbll MexXHOI02IYHUMU MA eKOHOMIUHO ucionumu. Ooeporcani
pe3yibmamu wooo peanizayii 3anponoHO8AHUX NPUCMPOIE HA NPAKMUYi 0adymv 3M02)y
3anpononyeamu  HO8I  0i€6i Npocpamu  YAPAGNIHHA NpOYecamu  BUPOOHUYMEA
BUCOKOAKICHO20 MONOKA V (DYHKYIOHANbHIU cucmemi ,,I00UHA—-MAWUHa”, a markotc
CHpUAIU  3ANPOBAONCEHHIO  OONOMINCHUX — OIONO2IYHUX —mecmi8 [  PayiOHATbHUX
MEeXHOI02IYHUX Ni0X00i8 W00 1020 OYIHIOBAHHS HA HAUOIUNCYY NEPCNEKMUB).

KurouoBi cioBa: Benuka porara xyno0a, BuM’si, 00poOKa, MpUCTpiii, cxema.

Today, the problem of providing the population with high-quality and safe
products of animal origin is reflected in the works of scientists (Nespolo N. M., 2021;
Michalchenko S. A. et al., 2024). The complexity of solving this multifaceted problem
implies compliance with high requirements, first of all, for the quality and safety of milk,
as it is a unique and most popular human food product (Antunes 1. C. et al., 2022). The
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industrial realization of this problem is possible only if all sanitary and hygienic
requirements are strictly observed during its production and processing (Hadzevych O.
V. et al., 2019; Berge A. C. & Baars T., 2020). First of all, this concerns the increased
bacterial contamination of milk as a result of non-compliance with the requirements of
cow milking hygiene and the use of imperfect technologies and technical solutions.

One of these requirements is to eliminate the possibility of bacterial contamination
of the product at the milking stage. In other words, it is necessary to eliminate the
possibility of microbial contamination of milk at the primary stage of its production -
during the milking process of cows (Singh A. & Ramachandran A., 2020; Vargova M. et
al., 2023). At the same time, the number of cases of bovine mastitis can easily be reduced
by simple measures, such as treating the udder with antiseptics before and after milking.
Pre-milking treatment helps to cleanse the teat skin of dirt and micro-organisms,
preventing from entry of microorganisms into the freshly milked milk and transmitting
mastitis pathogens from cow to cow via the milking equipment. The most important
procedure in the technology for producing high-quality milk is the post-milking treatment
of the cow's udder with antiseptics. This treatment reduces the level of pathogenic
microflora on the teat skin. It prevents their penetration into the mammary gland by
moisturizing the skin and maintaining it in a normal physiological state (Kukhtyn M. et
al., 2021).

However, specialists are faced with the problem of choosing an antiseptic, which
should be based on the proven effectiveness of its use. In particular, iodine, lactic acid,
glycolic acid, and plant extracts are most commonly used to treat teats after milking
(Zazharska N. V. & Biben I. A., 2023). The use of chemicals for teat treatment before
and after milking can reduce bacterial contamination of teats and enable the production
of high-quality milk (Fotina T. I. et al., 2015; Zazharska N. M. & Riaba A. O., 2016), but
raises concerns about the risk of chemical residues in milk. Against the background of
the use of chemicals for udder treatment, there are many different semiautomatic and
automatic devices (Paladiychuk O. R., 2019), but their main disadvantages are complex
design and inconvenience in use. Based on these conditions, the development of new
technical means for the treatment of cows’ udder teats emphasizes the undeniable
scientific and practical basis of the problem, determines its relevance, and is the basis for
in-depth scientific research.

The research aims to develop innovative devices for processing the teats of cow
udders both before and after milking.

Materials and methods. The information base of the study was formed by
domestic and foreign patents for inventions and utility models, scientific papers, and
Internet resources. The methodological basis of the study was the methods of comparative
analysis of existing analogues and prototypes on the studied issues, systematization, and
generalization. The work was carried out at the production base of the National Scientific
Center “Institute of Experimental and Clinical Veterinary Medicine” from 2018 to 2023.

Research results. As part of the research, several innovative devices have been
developed for processing cow udders both before and after milking. The developments
differ from existing analogs in their simplified design, are more technologically
advanced, and cost-effective.

The innovation of the development lies in the fact that the device contains a
container for the disinfectant solution, which is made of elastic transparent material and
has a dipping glass with a handle, which is connected to the container by an adapter, while
the glass in the upper part has rounded edges and a gutter that prevents overuse of the
disinfectant (Fig. 1).
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Fig. 1. Scheme of the device for processing cow udder teats

The device for treating cow udder teats consists of a container for disinfectant
solution 1 made of elastic transparent material, an adapter 2 connecting the container 1 to
a dipping glass 3, which has rounded edges 4 at the top to prevent injury to the udder teats
during treatment and facilitate their quick entry into the glass, a gutter 5 that prevents
overuse of the disinfectant, and a handle 6.

The device for treating cow's udder teats works as follows: the disinfectant
solution container 1, made of elastic transparent material, is filled with disinfectant
solution. A dip cup 3 is connected to it through an adapter 2. After milking, the cow's
udder teats are treated by placing the teat in the dipping glass 3 and then squeezing the
container 1 made of elastic transparent material. The rounded edges 4 facilitate quick and
painless insertion and positioning of the teat in the inner part of the dipping glass 3.
During manipulations, the excess disinfectant solution flows back into the container 1
through the gutter 5. In this way, the udder teats are processed quickly and efficiently,
while preventing disinfectant loss and overspray. After use, the device can be placed on
any surface of the machine equipment using the handle 6. The advantages of the proposed
device are that it reduces the material costs of udder treatment and increases the
productivity of the milking operators. The device is reliable and easy to use. The
innovation is protected by a utility model patent*.

Another development has a container for a disinfectant solution made of elastic
transparent material and a gradation, a body connected to the container at an angle of 5°
and made in the shape of a hollow cone. The cone has a fleecy inner surface and a handle,
which reduces material costs during processing, improves milk quality, and prevents
microorganisms from entering the udder teats.

The design features of the developed device for pre-milking treatment of cow
udder teats are shown in Fig. 2.

The device for pre-milking treatment of cow udder teats consists of a container
for disinfectant solution 1 made of elastic transparent material and having a gradation 2,
an adapter 3 that connects the container 1 to the body 4 at an angle of 5°, which is made
in the form of a hollow cone, has a fleecy inner surface 5 and a handle 6.

* Utility model patent No. 133582 Ukraine, IPC A01J 7/00, A01J 7/04. Device for
processing of udder teats of cows. Palii A.P., Paliy A.P., Ishchenko K.V. - No. u 2018 11593;
applied for on 26.11.2018; published on 10.04.2019; bulletin No. 7.
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Fig. 2. Scheme of the device for pre-milking treatment of cow udder teats

The device for pre-milking treatment of a cow's udder teats works as follows: a
container for disinfectant solution made of elastic transparent material 1 is filled with
disinfectant solution according to the gradation 2. The body 4, which is presented in the
form of a hollow cone, is connected to the filled container 1 through an adapter 3 at an
angle of 5°. Before milking, each udder teat is treated separately by placing it in the inner
hollow cone of the body 4, then squeezing the container made of elastic transparent
material 1 and moving it around the udder teat. Due to the interaction of the udder teat
with the fleecy inner surface 5 of the body 4, the udder teat is processed quickly and
efficiently. After use, the device can be placed on any surface of the machine tool using
the handle 6. The development is protected by a patent of Ukraine for a utility model**.

The next technological task was solved in the direction of creating a device for
processing cow udders in milking parlors. The developed device has a vacuum pump (1),
filter (2), fan (4), pressure (3) and distribution pipes (5) with nozzles (6) placed on the top
along the technological trench and directing the flow of warm air to the animal's udder,
which ensures high efficiency of the device. The device helps reduce manual labor costs
for the milking operator, as it connects the milking machine to dry teats, which in turn
prevents milk contamination. With dry teats, the milking cups at least go up the teats and
compress the teat canal, which significantly reduces udder disease (Fig. 3).

The device works as follows: the vacuum pump 1, which draws air from the
vacuum system of the milking machine, delivers it to the pressure pipe 3. Passing through
filter 2, the warm air is cleaned, picked up by fan 4, creating a slight vacuum in the
pressure pipe 3, and fed to the distribution pipe 5 of the warm air flow with nozzles 6,
which are located at the top along the technological trench.

The nozzles are designed in such a way that the warm air coming out of them
creates a directed movement of streams on the animal's udder from both sides, drying it.
The advantages of the proposed device are that it is easy to use, reduces the cost of manual
labor of the milking operator during milking, improves the quality of milk and reduces
the incidence of udder diseases in cows. The development is protected by utility model
patent of Ukraine***,

**Utility model patent No. 134677 Ukraine, IPC A01J 7/00, A0L1J 7/04. Device for pre-
milking treatment of cattle udder teats. Palii A.P., Paliy A.P., Petrov A.M. No. u 2019 00307;
applied for on 26.02.2019; published on 27.05.2019; bulletin No. 10

***Utility model patent No. 151014 Ukraine, IPC A01J 7/00. Device for processing cow
udders in milking parlors. Rodionova K.O., Palii A.P., Khimych M.S., Paliy A.P., Dubin R.A.
No. u 2021 06282; applied for on 08.11.2021; published on 25.05.2022; bulletin No. 21.
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Fig. 3. Device for treating cow udders in milking parlors

The following technological solution for the pre-milking treatment of the cow's
udder was set as a task, which was solved by designing a device consisting of a body (1),
two brushes (2) rotating towards each other, a drive (3), a handle (4) and a wire (5). The
proposed device reduces material costs for udder treatment, improves milk quality,
prevents microorganisms from entering the udder teats, and reduces the workload of the
milking operator (Fig. 4).

Fig. 4. Device for pre-milking treatment of the cow udder

The device operates as follows: after the cow has taken a suitable place in the
milking parlor, the body (1), on the axes of which two brushes (2) are fixed, is brought to
the base of the animal's udder with the help of the handle (4). The body (1) is placed in
such a way that the two teats of the udder are between the brushes (2). At the next stage,
the drive (3) of the brushes (2) is turned on and they begin to rotate toward each other,
performing the function of removing the first lumps of milk, cleaning, disinfecting, and
massaging. The significant advantages of the proposed device are that it is easy to use,
reduces material costs for pre-milking udder treatment, improves milk quality and
prevents microorganisms from entering the udder teats, reduces the workload of the
milking operator, and speeds up preparatory operations. The development is protected by
the utility model patent of Ukraine****,

The next technological solution was based on the task of developing a stationary
device for processing cows' udders in milking parlors. The task was solved by the fact
that this device consists of a platform 1, a base plate 2, a switching device 3, a pump 4, a
disinfectant container 5, a piping system 6, and nozzles 7.

****Utility model patent No. 151015 Ukraine, IPC A01J 7/00. Device for pre-milking
treatment of cattle udder. Palii A.P., Rodionova K.O., Rodionova K.O., Khymych M.S., Paliy
A.P., Anfiorova M.V. - No. u 2021 06294; applied for on 08.11.2021; published 25.05.2022;
bulletin No. 21.
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A comparative analysis of the developed device and the closest analog allows us
to conclude that it differs from the closest analog in that it uses a platform, a base plate,
an automatic switching device, a pump, a disinfectant tank, a piping system, and nozzles
to treat cows' udders in milking parlors. This helps to reduce the manual labor costs of
the milking operator in milking cows by saving time in preparation operations, ensuring
optimal consumption of udder treatment products, and improving the quality of the milk
produced (Fig. 5).

The device is mounted in the milking parlor under the place where the cow is
placed during milking, and it works as follows: the cow enters the milking parlor and is
placed on the platform 1. After that, the platform 1 acts on the base plate 2, which starts
the pump 4 through the automatic switching device 3.

Fig. 5. Stationary device for processing cow udders in milking parlors

After the pump 4 is started, the disinfectant is supplied from the disinfectant
container 5. The disinfectant is delivered through the pipeline system 6 to the nozzles 7,
through which the udder is treated. The advantages of the device are that it is easy to use,
provides optimal consumption of products for treating cow udders, reduces manual labor
costs for milking operators, improves milk quality, and reduces udder diseases. The
development is protected by the utility model patent of Ukraine*****,

The lack of proper equipment for assessing the condition of cows' udder teats
causes serious problems for their health and productivity, which requires more thorough
research. This technological problem has been solved by developing a device for
determining the elastic properties of cows' udder teats. The development is protected by
a patent of Ukraine for a utility model****** The main physical and mechanical
properties of cow's udder teats, which are necessary for the development of
physiologically adapted equipment, include the characteristics of elastic properties: the
coefficient of transverse deformation of the teat and, accordingly, the variable modulus
of its elasticity (Fig. 6).

*xx**patent for utility model No. 153790 Ukraine, IPC A01J 7/00. Stationary device for
processing cow udders in milking parlors. Palii A.P., Naumenko A.O., Naumenko O.A., Paliy
A.P., Petrov A.M. - No. u 2022 04586; applied for on 05.12.2022; published 30.08.2023; bulletin
No. 35.

*xxxx*kpatent for utility model No. 146403 Ukraine, IPC A01J 7/00. Device for
determining the elastic properties of cow udder teats. Palii A.P., Naumenko A.O., Paliy A.P. -
No. u 2020 06386; applied for on 02.10.2020; published 02.17.2021; bulletin No. 7.
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Fig. 6. Device for determining the elastic properties of cow udder teats

The device consists of a metal rod-body 1, at the upper end of which is mounted
to the udder teat 2, and in the lower part - a disc lock-limiter 3 and metal discs with slots
4. The device works as follows: at the beginning of use, horizontal parallel lines are
applied to the middle part of the teat with a marker. Then, a metal rod-body 1 is attached
to the teat using a mount 2. Subsequently, a load is gradually and consistently applied to
the teat by installing the required number of metal discs with slots 4 on the metal rod-
body 1. The metal discs with slots 4 are held on the rod-body 1 through a disc lock-limiter
3. At the end, the determination is fixed, and this is done with each subsequent load. To
determine the scale, a ruler is used, which is placed directly near the teat in the required
plane. To determine the elastic properties, the load on the udder teat varies from 0.135 kg
to 0.675 kg.

During the measurement and determination of the indicators, the distance between
the horizontal parallel lines on the teats and, accordingly, the diameter of the mammary
gland after each subsequent load are measured. The device provides rapid receipt of
reliable data, allows arguing the mechanism of interaction of the teat liner and the teat,
and on this basis, to justify the amount of teat liner tension.

Discussion. The increase in milk production is based on the intensive
development of the industry, the introduction of innovative technologies and
technological solutions, and the improvement of the organization and management of
production processes. The corresponding growth rates of milk production make us pay
special attention to improving its quality. Ensuring high quality and safety of dairy raw
materials for dairy products is a fundamental component of public health protection and,
of course, one of the priority challenges of the Ukrainian agro-industrial complex.

As the demand for higher milk yields and improved milking efficiency increases,
there is a growing focus on the productive capacity of dairy cows to meet the needs of a
growing global population (Neculai-Valeanu A. S. & Ariton A. M., 2022). In this context,
the findings from various studies align with previous research (O'Rourke D., 2009;
Williamson J. H. & Lacy-Hulbert S. J., 2013; Barkema H. W. et al., 2015), highlighting
that proper udder care is crucial not only for preventing mastitis but also for reducing its
incidence, particularly after milking. Mastitis can be transmitted during the milking
process or through the milking machine. Additionally, other studies have demonstrated a
direct link between udder care procedures and the technical and technological parameters
of milking cows (Aliiev E. et al., 2022).

To treat udder teats, it is suggested to use special cups with an antiseptic
preparation, followed by wiping with reusable napkins (Miseikiene R. et al., 2015;
Paladiychuk O. R., 2019), which is emphasized in our work. However, other scientists
have reported that pre-milking udder treatment does not ensure sufficient teat cleanliness.
Pathogenic organisms remain afterwards and can accumulate in the teat dipping caps
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(Borodina O. V. & Nosevych D. K., 2017). Instead, (Paliy A. et al., 2021) demonstrated
the high efficiency of udder teat treatment with special brushes, the use of which
significantly improved milking hygiene.

The quality of udder treatment is directly related to the antiseptic used on a
particular farm. However, it is important to consider the methods used. The use of liquid
products, which is the vast majority, requires the use of appropriate containers and
equipment. Based on the results of the research, many innovative equipment has been
offered to the industry, which is import substitution.

High efficiency of using high-yielding cows, increasing their productivity and
milk quality can be ensured only if the animals comply with the rules of machine milking,
which requires the introduction of innovative technological solutions based on the latest
animal care technologies and rational organization of production processes (Boltianska
N. & Zabolotko O., 2020). However, all this is possible with a scientifically based
assessment of the suitability of cows for automated milking, taking into account their
physiological characteristics (Hovinen M. & Pyordld S., 2011). Our research
complements the existing system for evaluating dairy cows for milking by developing a
device for evaluating individual teat characteristics.

Conclusions:

1. The quality and safety of cow milk directly depends on the hygiene of milking.
Udder treatment is a key element in milking technology and a preventive measure to
reduce the incidence of milk contamination with microorganisms.

2. Five devices have been developed for processing cow udders both before and
after milking, as well as a device for determining the elastic properties of teats, which
should be used at milk production complexes.

3. The advantage of the developed devices is their ease of use; they provide
optimal consumption of means for processing and evaluating the udder of cows, help
reduce the cost of manual labor of milking operators, improve milk quality, and reduce
cow mastitis. They are more technologically advanced and cost-effective.

4. The results obtained on the implementation of the proposed devices in practice
will allow us to offer new effective programs for managing the processes of high-quality
milk production in the functional man-machine system, and also contribute to the
introduction of auxiliary biological tests and rational technological approaches to its
evaluation shortly.
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The efficiency of artificial insemination (Al) in pig breeding plays a critical role
in improving reproductive performance, reducing breeding costs, and increasing the
sustainability of the pig farming industry. Unlike cervical insemination (CAl), PCAI
allows for more precise sperm deposition in the uterus, improving the chances of
conception and this ensures more effective intensive boar management.

To evaluate the effectiveness of PCAI in improving pig breeding efficiency, a
meta-analysis was conducted using Jamovi software and algorithms from the metaphor
package (R). Publication bias estimation was integrated into the analysis to ensure the
reliability of the findings. The meta-analysis compared PCAI and CAIl across three
critical reproductive parameters: farrowing rate, fecundity index, and litter size. Criteria
for study inclusion were defined to ensure the integrity of the analysis: the exclusion of
studies involving exogenous hormonal treatments that could interfere with natural
reproductive processes, the inclusion of studies with at least 20 animals per group,
availability of group sizes and insemination doses, and provision of relevant variation
statistics.

A total of 34 studies were included in the analysis for the farrowing rate, 33
studies for the fecundity index, and 33 studies for the litter size. The inclusion of such a
large number of studies enhanced the robustness of the meta-analysis and allowed for a
comprehensive evaluation of PCAI’s impact on pig breeding efficiency.

The meta-analysis results showed that PCAI does not significantly worsen the
farrowing rate. Specifically, the average log odds ratio based on the random-effects
model was 0.0061 (95% CI: -0.2042 to 0.2163), indicating no detrimental effect on the
farrowing rate when PCAI was used. Similarly, no significant differences were found
between PCAI and CAl for the fecundity index (average standardized mean difference
was 0.1156; 95% CI: -0.0790 to 0.3103), nor for litter size (average standardized mean
difference was 0.0226; 95% Cl: -0.0670 to 0.1123). These findings suggest that PCAI is
comparable to traditional Al methods in terms of key reproductive parameters, which is
a crucial consideration for breeders seeking to improve their production efficiency.

The publication showed that use of PCAI can offer several economic benefits. By
increasing the efficiency of boars and making desirable genetics more accessible, PCAI
reduces the need for maintaining a large number of boars on farms. This not only reduces
the costs associated with keeping boars, but also promotes the wider use of high-quality
genetic material, leading to the genetic improvement of industrial pigs.

Keywords: Sows artificial insemination, traditional cervical insemination (CAI),
post-cervical artificial insemination (PCAI), meta-analysis, the farrowing rate, fecundity
index, the litter size.
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META-AHAJII3 METOIIB IEPBIKAJIBHOI'O TA
INOCTHEPBIKAJBHOI'O OCIMEHIHHA CBUHOMATOK

Haraxis IINTATOHOBA, 10KTOp CIIbCBKOTOCTIOIAPCHKUX HAYK
https://orcid.org/0000-0003-2256-7932
IncruryTt cBunapcrsa i AIIB HAAH, IloaraBa, Ykpaina

Egexmusnicmo wmyunoco ocimeninus (IL11) y ceunapcmsai gidiepac supiuiaivHy
POJIb Y NOKpaujenHi penpoOyKmueHoi npoOyKMUEHOCMI, 3HUMNCEHHT 6UMPAm HA NIeMIHHY
OJisulbHICMb  ma  niosuweHHi  cmitikocmi  cuHapcvkoi  eany3i. Ha eiominy  6i0
yepsikanvrozo ocimeninusi (CAI), PCAI 0o3s0o15€ mouniwe ocioamu cnepmy 8 mamyi,
nIOBUWYIOUU WAHCU HA 3ayamms, a ye 3abe3neuyec OLbUL eghekmuene IHMEHCUBHe
VMPUMAHHS KHYDIS.

o6 oyinumu eghexmusnicmo PCAI y nokpawenui egpexmusrnocmi po3geoenHs
ceunell, Oy10 npoeedeHo Mema-auanis 3 GUKOPUCMAHHAM NPOSPAMHO20 3a0e3nedenHs
Jamovi ma aneopummise i3 nakemy memagop (R). Oyinxa noxubku nybonixayii 6yna
inmezpoeana 6 awmanis, wjob 3abesnevyumu HaodiuHicmb pesyrbmamis. Memaananiz
nopignosase PCAI ma CAI 3a mpvoma Kpumudnumu penpooyKmueHUMU RAPAMEMPAMU.
yacmomor onopocie, IHOeKCOM naoow4ocmi ma po3mipom nocnioy. Kpumepii
BKIIIOUEHHS OO0CHI0JCeHHs OVIU U3HA4eHi OJid 3a0e3neueHHs YLiCHOCMI aHanisy:
BUKTIIOYEHHSL OOCTIONHCEHD, WO BKAIOUAIOMb €K302€HHE 20PMOHANbHE IIKYBAHHSL, SIKE MOJ4Ce
3asasicamu  NPUPOOHUM DPEeNnpOOYKIMUBHUM NPOYUECaM, 6KIHUEHH O0CNi0NCeHb i3
npunaumui 20 meapunamu Ha 2pyny, HAA6HICMb PO3MIPIE 2pYn i 003 OCIMEHIHHs, |
HAOAHHS 8I0NOBIOHOT cCIamucmuxy eapiayil.

3azanom 34 oocnioscenns Oyau 6KIOYeHI 8 aHaniz wacmomu onopocie, 33
00Ci0JHCeH S IHOeKCY Nn100Yocmi ma 33 00CHiOHCeHHs. po3Mipy npuniody. Brkitouenns
makoi 8enuKoi KilbKOCMi 00CNI0dHCeHb NIOBUWULO HAOIUHICMb Mema-aHanizy ma
00360110 nposecmu KomniekcHy oyinky enausy PCAI na egpexmusnicmo possedens
ceuHell.

Pezynomamu mema-ananizy noxasanu, wo PCAI icmomuo ne nociputye uacmomy
onopocie. 3okpema, cepeone ocapupmiune Cni8IOHOUEHHs WAHCI8 HA OCHOBI MOOe
sunaokosux epexmie cmarnosuno 0,0061 (95% JI: 6io -0,2042 0o 0,2163), wo éxazye Ha
giocymuicmsb WKIONUB020 6NAUGY HA uacmomy onopocié npu 3acmocyeanni PCAL
Io0ionum yunom ne 6yno eusasneno icmommuux giominnocmeri misie PCAI ma CAI ona
IHOeKCy N100YoCmi (Cepedns Cmanoapmu308ana cepeons pisnuys cmanosuna 0,1156;
95% JI: si0o -0,0790 oo 0,3103), a makodxc O po3mipy nocuioy (cepeous
cmanoapmu3o8ana cepedns pisnuys cmanosuna 0,0226; 95% /1 6io -0,0670 00 0,1123).
Li pezynemamu ceiouame npo me, wo PCAI mooicna nopisnamu 3 mpaouyitinumu
Memooamu WMY4YHO20 IHMeNeKmy 3 MOYKU 30py KIIOYO08UX PEenpoOyKMUGHUX
napamempis, Wo € BUPIUATbLHUM akmopom O CeleKyioHepis, sKi NpasHymb
niOBUWUMU edheKMUBHICMb 8UPOOHUYMEA.

Hocnioocennss nokasanu, wo euxopucmanna PCAI moowce npumecmu Kinvka
eKoHoMIuHUX nepesae. Iliosuwyrouu eghexmuenicmo KHypi6 i poOIsAUU OAXHCAHY 2EHEMUKY
oinouw oocmynnoro, PCAI smenuye nompeby ympumyeamu 6eiuKy KilbKicmo KHYpi6 Ha
Gepmax. L]e ne minvKu 3HUNCYE BUMPAMU, NOG A3AHI 3 YMPUMAHHAM KHYPI8, ane i CHpusie
OinbUWL  UWUPOKOMY BUKOPUCMAHHIO BUCOKOAKICHO20 2eHeMUYHO20 Mamepiany, wo
npuU3B00UMb 00 2eHEMUYHO20 B00CKOHATICHHS NPOMUCTIOBUX CEBUHE.

KuarouoBi cioBa: mryyHe ociMEHIHHS CBMHOMATOK, TPaJMIliifHE IIepBIKaIbHE
ocimeninus (CAl), noctuepsikanpae mrydne ocimeninas (PCAl), mera-ananis, gactora
OTIOPOCIB, 1HAEKC IIIOAOYOCTI, pO3Mip THi3JA.
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Avrtificial insemination (Al) has been a widely-used practice in pig breeding since
the 1930s, but it wasn't until the 1980s that it saw significant commercial use in the
industry. Artificial insemination has been an important part of pig breeding for decades,
with traditional cervical insemination (CAIl) being the most common method used in
commercial settings. However, post-cervical Al (PCAI) has been proposed as an
alternative method that can reduce insemination time, decrease the number of sperm
required per dose, and improve time management for pig farms. The insemination
procedure typically involves depositing a dose of semen into the ca of the cervical canal
using cervical insemination (CAI), with 2.5-4.0 billion spermatozoa being used per
insemination in an extender (70-100 ml). A non-surgical technique for depositing semen
into the uterus was proposed by Hancock in 1959 (Hancock, J., & Hovell, G., 1961). This
technique, known as post-cervical Al (PCAI), reduces insemination time, allows for a
reduction in total sperm number per dose (and it allows for reducing the loss of sperm by
backflow (Bortolozzo, F., et al., 2015).), and improves time management for pig farms,
resulting in significant productivity gains. By reducing the number of spermatozoa
required per dose, PCAI saves on some consumables for artificial insemination and
reduces the cost of keeping boars while making desirable genetics more affordable,
making it an efficient and effective tool for improving pig breeding efficiency.

The technology of post-cervical insemination, in comparison with traditional
cervical insemination, has some specific features, which are related to inner catheter
insertion. The cervix must be relaxed for the successful insertion of the internal catheter.
Therefore, having the boar present during the process is not recommended. After inserting
the basic catheter, it is necessary to wait for 1-3 minutes to allow the cervix to relax before
inserting the internal catheter. Typically, insemination is performed for a group of sows
at the same time, so while waiting for the cervix to relax, the basic catheters can be
inserted for the next sows. It is recommended to allow sows to have contact with the boar
after insemination, as this can stimulate uterine motility and improve the transport of
sperm to the upper third of the oviduct, where fertilization takes place.

However, the different studies presented controversial results of this method, and
the different methodological aspects of research hindered independent analysis. A meta-
analysis is a tool capable of creating a comprehensive assessment of results through the
data integration of different publications.

In view of this, the aim of the study was to analyze the effects of the post-cervical
insemination method in terms of more effective use of boar semen using reproduction
parameters (farrowing rate, litter size, and fecundity index of sows).

Materials and methods. The purpose of the meta-analysis was to compare the
effectiveness of sows’ cervical and post-cervical artificial insemination (by using three
reproduction parameters: farrowing rate, fecundity index, and the litter size). The meta-
analysis was conducted using Jamovi software and algorithms of the metaphor package
(R) algorithms, with publication bias estimation (The Jamovi project, 2022; R Core Team,
2021; Viechtbauer, W., 2010; Francis, G., 2013). The articles selected to create the
database were. The following criteria were used for the inclusion of publications in the
meta-analysis:

The study should not involve exogenous hormonal effects on the reproductive system
The study must have at least 20 animals in each group;

Information regarding the size of the control and experimental groups, the volume of
insemination doses, the total sperm count in one dose, and variation statistics should be
available, which are essential for meta-analysis.

We conducted a search of relevant keywords: ("sows" OR "swine" OR "pig")
AND ("cervical” OR "post-cervical" AND "artificial insemination» on online databases,

95



f
gj Scientific and Technical Bulletin of Livestock farming institute of NAAS, 2025, Is. 133

including PubMed and Google Scholar. We then examined the sources cited in the
received articles and used them in our study if they were available in full-text versions
and contained non-redundant data. In cases where a study included data from multiple
experiments, each experiment was considered separately (Table 1). The random effect
model was used.

Table 1
Characteristics of included studies
Group CAI Group PSAI

Sperm Sperm |Volume of

Author, year(n CAL, n PSAI) _ ceIIs_in \_/olum_e of _ ceIIs_in insemina—

insemina-| insemina- | insemina- | tion dose,
tion dose,| tion dose, | tion dose, ml

bn ml bn
Will K. J., 2021, (158, 90) 1.5 50 1.5 50
Will K. J., 2021, (159, 97) 2.5 80 2.5 80
Singh M., 2020, (40, 30) 1.5 80 1.5 80
Singh M., 2020, (40, 30) 3 80 3 80
Apic J., 2015, (30, 30) 2 50 2 50
Apic¢J., 2015, (30, 30) 4 50 4 50
Apic J., 2015, (30, 30) 4 100 4 100
Apic J., 2015, (30, 30) 2 100 2 100
Pylypenko S.V., 2006, (25, 25) 2 100 2 20
Kovalenko V.F., 2005, (25, 25) 2 100 2 20
Ternus E. M., 2017, (273, 279) 2.5 80 1.5 45
Llamas-Lopez P. J., 2019, (130, 1036) 2.5 85 1.5 45
Suarez-Usbeck A., 2019, (324, 248) 3 90 1.5 45
Cane F., 2019, (280, 280) 3 100 1.5 50
Hernandez-Caravaca 1., 2012, (1716,
1683) 3 80 1 25
Hernandez-Caravaca 1., 2012, (1716,

1664) 3 80 1.5 40
Hernandez-Caravaca ., 2017, (38, 104) 3 80 1.5 40
Hernandez-Caravaca ., 2017, (38, 38) 3 80 1.5 40
Hernandez-Caravaca ., 2017, (38, 42) 3 80 1.5 40
Hernandez-Caravaca I., 2017, (47, 56) 3 80 1.5 40
Hernandez-Caravaca l., 2017, (47, 54) 3 80 1.5 40
Hernandez-Caravaca I., 2017, (47, 63) 3 80 1.5 40
Mellado M., 2018, (1773, 7078) 3 90 3 90
Shardella P. E., 2014, (165, 165) 3 90 1.5 45
Pearodwong P., 2020, (88, 124) 3 100 1.5 50
Pearodwong P., 2020, (83, 129) 3 100 1.5 50
Fitzgerald R. F., 2008, (196, 193) 3 100 3 100
Dimitrov S., 2009, (49, 67) 3 100 1.5 50
Dimitrov S., 2009, (51, 33) 3 100 1.5 50
Roberts P.K., 2005, (859, 924) 3 80 1 80
Serret C.G., 2005, (95, 83) 3.5 100 2 50
Serret C.G., 2005, (95, 77) 3.5 100 1 50
Serret C.G., 2005, (95, 79) 3.5 100 0.5 50
Llanes Chalé J. E., 2007, (1074, 1510) 4 100 0.5 50
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Farrowing rate. We performed a meta-analysis of the farrowing rate using the log
odds ratio as the outcome measure. A random-effects model was utilized to analyze the
data. The amount of heterogeneity (i.e., tau?) was estimated using Hedges' estimator
(Hedges, 1985). Along with the tau? estimate, we reported the Q-test for heterogeneity
(Cochran, 1954) and the I? statistic. If any level of heterogeneity was detected (i.e., tau?
> 0, regardless of the Q-test results), a prediction interval for the true outcomes was
calculated. Studies with a Cook's distance larger than the median plus six times the
interquartile range of the Cook's distances were considered influential. To check for
funnel plot asymmetry, we used the rank correlation test and the regression test with the
standard error of the observed outcomes as predictors. In total, we included k=34 studies
in the analysis, with a total of n (CAI) = 9962 and n (PSAI) = 16582 for the farrowing
rate.

Fecundity index. We conducted an analysis of the sow’s fecundity index using
the standardized mean difference (d Hedges') as the outcome measure. We fitted a
random-effects model to the data. In total, we included k=33 studies in the analysis, with
a total of n (CAI) = 8111 and n (PSAI) = 9348 for the fecundity index.

The litter size. We analyzed the variation in the litter size between the study
groups of CAIl and PSAI insemination using the standardized mean difference as the
outcome measure. We fitted a random-effects model to the data. The number of studies
included in the analysis was the same as that described in the previous section.

Results

Farrowing rate. The observed log odds ratios for farrowing after PSAI
insemination compared to CAIl inseminations ranged from -2.1647 to 1.0561, with the
majority of estimates being positive for PSAI (56%). The estimated average log odds ratio
based on the random-effects model was 0.0061 (95% CI: -0.2042 to 0.2163) (Fig. 1).
Therefore, the average outcome did not significantly differ from zero (z = 0.0564, p =
0.9550). According to the Q-test, the true outcomes of farrowing rates appeared to be
heterogeneous (Q (33) = 68.7814, p = 0.0003, tau® = 0.1852, I> = 76.4080%). A 95%
prediction interval for the true outcomes was -0.8631 to 0.8752. Hence, although the
average outcome was estimated to be positive, it did not significantly differ from zero,
and in some studies, the true outcome may be negative. An examination of the studentized
residuals revealed that none of the studies had a value larger than +3.1804, indicating no
outliers in the context of this model.

According to Cook's distances, two studies (Serret C.G., 2005, (95, 83); Serret
C.G., 2007, (95, 79)) could be considered overly influential. A funnel plot for estimating
the systematic error associated with publication bias (Fig. 2) revealed a low probability
of such error. Neither the rank correlation nor the Egger regression test indicated any
funnel plot asymmetry (p = 0.4437 and p = 0.0567, respectively).
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d Hedge’s
Author, year, (nCAI, nPCAI) Effect size Weight | 1£95%CI]
Will K. J., 2021, (158, 90) |—i-—| 228% 0.14[-0.97, 1.24
Singh M., 2020, (40, 30) |—-—{ 2.06% 0.51[-0.69, 1.71
Apié J., 2015, (30, 30).1 i 221% 050 [-0.64, 163
Apic¢ J., 2015, (30, 30).2 |——-—{ 1.88% 042[-0.86, 1.70
Pylypenko S.V., 2006, (25, 25) }——-—| 1.18% 1.06 [-0.69, 2.80)
Kovalenko V.F,, 2005, (25, 25) |——-—{ 1.41% 0.61[-0.95, 2.16)
Ternus E. M. , 2017, (273, 279) FH 4.24% 0.28 [-0.29, 0.85
WIll K. J. , 2021, (159, 97) }—-——{ 2.25% -0.36[-1.48, 0.76
Llamas-Lopez P. J., 2019, (130, 1036) |-.-| 459% 0.29 [-0.21, 0.80
Suarez-Usbeck A, 2019, (324, 248) }ll 459% 0.26[-0.24, 0.76
Cane F., 2019, (280, 280) }u{ 5.00% 0.79[0.37, 1.21
Hernandez-Caravaca |. , 2012, (1716, 1683) . 594% 0.12[-0.06, 0.30
Hernandez-Caravaca |. , 2012, (1716, 1664) . 592% 0.35[0.16, 0.54
Hernandez-Caravaca |. , 2017, (38, 104) }—-—o—i 1.86% -0.82[-2.11, 0.46
Hernandez-Caravaca |. , 2017, (38, 38) }—-——{ 154% -0.78[-2.25 068
Hernandez-Caravaca |. , 2017, (38, 42) }—-——1 140% -0.21[-1.77, 1.36
Hernandez-Caravaca |. , 2017, (47, 56) }—-—-{ 1.74% -1.16 [-2.51, 0.20
Hernandez-Caravaca |. , 2017, (47, 54) }—-—{ 142% -0.16 [-1.71, 1.39
Hernandez-Caravaca |. , 2017, (47, 63) }—-—4 1.74% -1.02[-2.37, 0.33
Mellado M. , 2018, (1773, 7078) . 5.96% -0.08 [-0.25, 0.10
Singh M. , 2020, (40, 30) }—4—1 183% 049[-0.82, 1.79
Shardella P. E., 2014, (165, 165) }-.—i 353% 028[-0.46, 1.01
Pearodwong P., 2020, (88, 124) }——-—{ 2.13% 0.36[-0.80, 1.53
Pearodwong P., 2020, (83, 129) |—¢—| 3.02% -0.15[-1.02, 0.72
Fitzgerald R. F. , 2008, (196, 193) m 496% 0.07 [-0.35, 049
Dimitrov S., 2009, (49, 67) }—o——{ 048% -2.16 [-5.08, 0.75
Dimitrov S., 2009, (51, 33) }—-——{ 1.99% -051[-1.74, 0.72
Roberts PK., 2005, (859, 924) . 557% -0.03 [-0.32, 0.25
Serret C.G., 2005, (95, 83) - 261% -1.26[-2.26, -0.27
Serret C.G., 2005, (95, 77) |—-—{ 252% -1.10[-2.12, -0.08
Serret C.G., 2005, (95, 79) . 267% -162[-2.58, -0.65
Apic¢ J. | 2015, (30, 30).1 }—-—-—{ 1.93% 0.60[-0.66, 1.85
Apic¢ J. , 2015, (30, 30).2 |—u—| 161% 0.26[-1.16, 1.69
Llanes Chale J. E. , 2007, (1074, 1510) ' 5.94% 0.27[0.09, 045
RE Model | ‘ 3 100.00% 0.01[-0.20, 0.22
[ S — —
6 -4 -2 0 2

Fig 1. Forest plot showing effects of artificial insemination method of sows on
farrowing rate using the log odds ratio as the outcome measure. Figure lists number
sows in groups (nCAI and nPCAI), d Hedge’s and 95% confidence interval and the
weight accounting for the total statistics (weight).
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Standard Error
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Fig. 2. A funnel plot for estimating the farrowing rate systematic error
associated with publication bias. The middle line is the effect size and the side two
lines are the corresponding confidence ranges.

Fecundity index. The observed standardized mean differences ranged from -
0.7213 to 1.8843, with 52% of the estimates being positive. The estimated average
standardized mean difference based on the random-effects model was 0.1156 (95% ClI: -
0.0790 to 0.3103) (Fig. 3). Therefore, the average outcome did not differ significantly
from zero (z = 1.1642, p = 0.2443). According to the Q-test, the true outcomes appear to
be heterogeneous (Q (32) =295.6778, p <0.0001, tau* = 0.2926, I*> = 97.0358%). A 95%
prediction interval for the true outcomes is given by -0.9623 to 1.1935. Neither the rank
correlation nor Egger's regression test indicated any funnel plot asymmetry (p = 0.3165
and p = 0.0877, respectively) (Fig. 4).
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Author, year, (nCAI, nPCAI) Effect size Weight | d Hedge’s
[£95%CI]
Will K. J., 2021, (158, 90) }-.4 3.18% 0.16 [-0.10, 042]
Singh M., 2020, (40, 30) 3 f—e— 2.62% 1.88[1.32, 2.45]
Api¢ J_, 2015, (30, 30).1 i — 2.64% 1.33[0.77, 1.89]
Api¢ J., 2015, (30, 30).2 -y 2.71% 0.76[0.24, 1.28]
Pylypenko S.V., 2006, (25, 25) I—--——{ 2.64% 0.24 [-0.32, 0.80]
Kovalenko V.F., 2005, (25, 25) — 2.60% 0.82[0.24, 1.40]
Ternus E. M., 2017, (273, 279) l.{ 3.29% 0.15[-0.01, 0.32]
Will K. J. , 2021, (159, 97) I-H 3.19% -0.10[-0.35, 0.15]
Llamas-Lopez P. J., 2019, (130, 1036) }.{ 3.27% -0.01[-0.19, 0.17]
Suarez-Usbeck A, 2019, (324, 248) i-{ 3.29% 0.17 [-0.00, 0.33]
Cane F. , 2019, (280, 280) - 3.29% 0.58[0.41, 0.75]
Hernandez-Caravaca |. , 2012, (1716, 1683) . 3.36% 0.14[0.08, 0.21]
Hernandez-Caravaca |. , 2012, (1716, 1664) n 3.36% 0.37[0.30, 044)]
Hernandez-Caravaca |. , 2017, (38, 104) }—-——l 3.00% -0.24[-0.61, 0.13]
Hernandez-Caravaca |. , 2017, (38, 38) |—-—| 2.85% -028[-0.73, 0.17]
Hernandez-Caravaca |. , 2017, (38, 42) }——-——{ 2.88% -0.13 [-0.56, 0.31]
Hernandez-Caravaca |. , 2017, (47, 56) |—-—| 2.96% -0.56[-0.95, -0.16]
Hernandez-Caravaca |. , 2017, (47, 54) }—-—1 297% -0.10 [-0.49, 0.29]
Hernandez-Caravaca |. , 2017, (47, 63) |-—--{ 2.99% -0.31[-0.69, 0.07]
Singh M. | 2020, (40, 30) " 2.75% 1.08 [0.57, 1.58]
Sbardella P. E., 2014, (165, 165) }.1 3.24% 0.22[0.00, 0.43]
Pearodwong P., 2020, (88, 124) }-.—{ 3.16% 0.18 [-0.09, 0.45]
Pearodwong P., 2020, (83, 129) }—-—l 3.15% -0.34[-0.62, -0.06]
Fitzgerald R. F. , 2008, (196, 193) }.-] 3.26% -0.02 [-0.22, 0.18]
Dimitrov S_, 2009, (49, 67) |—-—q 3.00% -0.32[-0.69, 0.05]
Dimitrov S_, 2009, (51, 33) —- 2.85% -0.72[-1.17,-0.27]
Roberts P.K., 2005, (859, 924) ﬂ 3.35% -0.07 [-0.16, 0.02]
Serret C.G_, 2005, (95, 83) = 3 3.12% -0.54[-0.84, -0.24]
Serret C.G_, 2005, (95, 77) i—l—{ 3.12% -0.36[-0.66, -0.06]
Serret C.G_,2005, (95, 79) = 3.11% -0.64[-0.95, -0.33]
Apic¢ J. , 2015, (30, 30).1 |—-—| 2.72% 058[0.07, 1.10]
Apic¢ J. , 2015, (30, 30).2 |-—-—1 2.74% 0.36 [-0.15, 0.87]
Llanes Chale J. E. , 2007, (1074, 1510) . 3.35% 0.19[0.11, 0.27]
RE Model . 100.00% 0.12 [-0.08, 0.31]
I T T T T
2 -1 0 1 2

Fig. 3. Forest plot showing effects of artificial insemination method on sow’s
fecundity index the standardized mean difference as the outcome measure. Figure
lists number sows in groups (nCAI and nPCAI), d Hedge’s and 95% confidence
interval and the weight accounting for the total statistics (weight).

100



gl
HayKoso-mexniunuil bioremenv Incmumymy meapunnuymed HAAHM, 2025, Ne133 Fou

0.147 0.074

Standard Error

0.221
|
L)

0.294

Standardized Mean Difference

Fig. 4. A funnel plot for estimating the sows’ fecundity index systematic error
associated with publication bias. The middle line is the effect size and the side two
lines are the corresponding confidence ranges.

The litter size. The observed standardized mean differences ranged from -0.4466
to 1.1583, with positive estimates in 52% of cases. The estimated average standardized
mean difference, based on the random-effects model, was 0.0226 (95% CI: -0.0670 to
0.1123) (Fig. 5). Therefore, the average outcome did not differ significantly from zero
(z= 0.4950, p = 0.6206). According to the Q-test, the true outcomes appear to be
heterogeneous (Q (32) = 71.9705, p < 0.0001, tau? = 0.0435, I = 83.0904%). A 95%
prediction interval for the true outcomes is given by -0.3958 to 0.4410. Neither the rank
correlation nor Egger's regression test indicated any funnel plot asymmetry (p = 0.2736
and p = 0.3391, respectively) (Fig. 6).
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Author, year, (nCAI, nPCAI) Effect size Weight | d Hedge’s
[£95%CI]
Will K. J., 2021, (158, 90) o 343% 0.11 [-0.15, 0.37]
Singh M., 2020, (40, 30) —_— 1.88% 1.16[0.65, 1.67]
Apie J_, 2015, (30, 30).1 — 1.86% 0.51[-0.00, 1.02]
Apie J_, 2015, (30, 30).2 e 1.89% 0.26 [-0.25, 0.76]
Pylypenke S.V., 20086, (25, 25) foooe 1.69% 0.05[-0.51, 0.60]
Kovalenko V.F, 2005, (25, 25) I | 1.69% 0.22[-0.33, 0.78]
Ternus E. M., 2017, (273, 279) i o 4.13% 006[-0.11, 0.22]
Will K. J., 2021, (159, 97) ] 3.48% 0.00[-0.25, 0.25]
Llamas-Lopez P. J., 2019, (130, 1036) H 401% -0.16 [-0.34, 0.02]
Suarez-Usheck A, 2019, (324, 248) I-I-I 4.14% 0.04 [-0.13, 0.20]
Cane F. , 2019, (280, 280) 511 4.13% 0.14 [-0.02, 0.31]
Hernandez-Caravaca |. , 2012, (1716, 1683) [ 469% 0.06 [-0.00, 0.13]
Hernandez-Caravaca |. , 2012, (1716, 1664) [ ] 469% 0.15[0.08, 0.21]
Hernandez-Caravaca |. , 2017, (38, 104) | 2.64% -0.02[-0.40, 0.35]
Hernandez-Caravaca |. , 2017, (38, 38) oo 2.18% 0.06 [-0.39, 0.50]
Hernandez-Caravaca |. , 2017, (38, 42) — 2.23% -0.09 [-0.53, 0.35]
Hernandez-Caravaca . , 2017, (47, 56) e 2.53% -0.15[-0.53, 0.24]
Hernandez-Caravaca |. , 2017, (47, 54) b 251% -0.07 [-0.46, 0.32]
Hernandez-Caravaca |. , 2017, (47, 63) e 260% 0.05[-0.33, 042]
Singh M. | 2020, (40, 30) [ —— 2.03% 042[-0.06, 0.90]
Shardella P. E., 2014, (165, 165) = B 3.76% 0.14 [-0.07, 0.36]
Pearodwong P., 2020, (88, 124) ] 3.33% 0.11[-0.17, 0.38]
Pearodwong P., 2020, (83, 129) | 3.30% -0.28[-0.56, -0.00]
Fitzgerald R. F. , 2008, (196, 193) - 3.89% -0.05[-0.25, 0.15]
Dimitrov S_, 2009, (49, 67) f—e—] 2.66% -0.04[-0.41, 0.33]
Dimitrov S., 2009, (51, 33) | 2.21% -045[-0.89, -0.00]
Roberts PK_, 2005, (859, 924) B 458% -0.07[-0.16, 0.02]
Serret C.G., 2005, (95, 83) }—-—4 3.16% -0.26 [-0.56, 0.03]
Serret C.G.,2005, (95, 77) }—-——| 3.12% -0.13[-0.43, 0.17]
Serret C.G., 2005, (95, 79) - 3.13% -0.23[-0.53, 0.07]
Apie J. , 2015, (30, 30).1 f—e i 1.90% -0.16 [-0.67, 0.35]
Apie J. , 2015, (30, 30).2 — 1.90% 0.12[-0.39, 0.63]
Llanes Chalé J.E. , 2007, (1074, 1510) . 464% -0.02[-0.10, 0.05]
RE Model 1 0 100.00% 0.02[-0.07, 0.11]
[ | T 1
-1 0 1 2

Fig. 5. Forest plot showing effects of sows artificial insemination method on
litter size the standardized mean difference as the outcome measure. Figure lists
number sows in groups (nCAI and nPCAI), d Hedge’s and 95% confidence interval,

and the weight accounting for the total statistics (weight).
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Fig. 6. A funnel plot for estimating the litter size’s systematic error associated
with publication bias. The middle line is the effect size and the side two lines are the
corresponding confidence ranges.

Discussion

The present study demonstrates that none of the investigated parameters
(including the farrowing rate, the fecundity index, and the litter size) decreased with the
use of the post-cervical insemination method. Therefore, based on the data from various
authors analyzed in this meta-analysis, we can conclude that this method offers all the
advantages without any loss of reproductive efficiency.

From a methodological standpoint, our dataset was not stratified based on the
number of spermatozoa in the semen dose or the volume of the dose when comparing the
two methods.

In the analyzed dataset, the number of sperm per dose for traditional insemination
ranged from 1.5 billion to 4 billion and the volume of the dose was from 50 to 100 ml.
Realistically, industrial doses of less than 70 ml and a total sperm count of less than 2.5
billion are not used. Usually, breeding companies use about 3 billion sperm per dose and
a volume of 80-100 ml, this is an effective way to get a good level of fertility in group
insemination. So, (Knox R.V., 2016;. Roca J., et al., 2006) wrote about 3 billion and 80
ml. The number of sperm per dose for post-cervical insemination ranged from 0.5 billion
to 4 billion and the volume of the dose was from 20 to 100 ml. The actual industrial use
is about 1.5 billion sperm (Feitsma H., 2009) and the volume of the dose is 35-50 ml.

We separated each group into subgroups where the grouping factor was the
number of spermatozoa in the insemination dose. For CAI group, these were
concentrations of 1.5-2 million (n=6), 2.5-3 million (n=22), and >3 million (n=6) (Fig. 7,
a, b, ¢). For the PCAI group, these were concentrations of 0.5-1 million (n=5), 1.5-2
million (n=23), and >2 million (n=6) (Fig. 7 (d, e, f). The significance of differences
between groups was evaluated by ANOVA (Tables 2, 3).
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Fig. 7. Fecundity index (a, d), farrowing rate (b, e), and litter sizes (c, f) for
CAIl and PSAI sow artificial insemination in groups with different total sperm
numbers in one dose. Means and 95% CI are shown.

Table 2
One-way ANOVA (Fisher's) result of the effect of sperm numbers per dose on

reproductive performance in sows at PCAI

Variables F dfl df2 p

Farrowing rate 2.08 2 31 0.142
Fecundity index 2.45 2 31 0.103
Litter sizes 1.87 2 31 0.171
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Table 3
One-way ANOVA (Fisher's) result of the effect of sperm numbers per dose on
reproductive performance in sows at CAl

Variables F dfl df2 p

Farrowing rate 2.84 2 31 0.074
Fecundity index 5.01 2 31 0.013
Litter sizes 4.56 2 31 0.018

In all cases, the absolute values of average groups were optimal. The lowest values
were in the case of the smallest sperm counts per dose. However, the differences in
fecundity index and litter sizes were significant in the CAE group Post-cervical
insemination offers several benefits in pig breeding, including increased control over
semen placement, reduced use of semen material, the potential for increased genetic
diversity, and improved herd performance. These advantages make it a popular choice
for many farms looking to enhance their breeding programs.

In recent years, there has been a growing interest in the use of post-cervical
insemination in the pig industry. The need for more efficient breeding programs has
driven the adoption of this technology, as it allows farmers to achieve the same or better
results with less effort and resources.

As technology and equipment continue to improve, the use of post-cervical
insemination is likely to increase further. It is also expected to play a crucial role in the
speed of selective breeding and genetic improvement, making it a valuable tool for the
pig industry.

In recent years, there has been a growing interest in the use of post-cervical
insemination in the pig industry. Post-cervical insemination offers several benefits in pig
breeding, including increased control over semen placement, reduced use of semen
material, the potential for increased genetic diversity, and improved herd performance.
These advantages make it a popular choice for many farms looking to enhance their
breeding programs. The need for more efficient breeding programs has driven the
adoption of this technology, as it allows farmers to achieve the same or better results with
less effort and resources.

As technology and equipment continue to improve, the use of post-cervical
insemination is likely to increase further. It is also expected to play a crucial role in the
speed of selective breeding and genetic improvement, making it a valuable tool for the
pig industry.

Conclusion. Thus, according to the results of the meta-analysis of the available
published data, the method of post-cervical insemination of pigs does not lead to a
deterioration of reproductive performance and allows the use of its technological,
economic, breeding, and genetic advantages in commercial pig breeding. Also, according
to the results obtained, there is no reliable systematic error associated with publication
bias.
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The research is devoted to a review of innovative technologies used in the world
horse breeding. Innovations include ensuring a long, healthy life for horses, precision
medicine, laser and PRP therapy, rehabilitation and training programs, monitoring
media platforms, genetic and biotechnological methods, development of ecological and
safe coatings, use of recycled materials for buildings, automated microclimate systems
and waste collection, automatic feed dispensers with customized schedules, real-time feed
and water consumption monitoring tools.

The most revolutionary ideas concern the development of smart technologies for
horse training with monitoring of physical condition. Such developments include
wearable GPS tracking devices and heart rate monitors, trackers for tracking horse
movement over distances, satellite tracking technologies, saddle pads with sensors of
active points on the horse's body, a horse movement analysis system, 3D imaging and
motion capture tools, and mounting headsets for athletes. Much attention is paid to the
safety of equestrian sports, especially children's and parasports, in connection with which
protective equipment has been developed (helmets made of modern materials, pneumatic
jackets and vests). An important sector of innovation in horse breeding is technologies
that have a positive impact on the environment - the use of environmentally friendly
materials and construction technologies in the construction of stables and sports arenas,
the use of ecological bedding, manure composting systems with subsequent processing
into organic fertilizers, energy-efficient design, the use of renewable energy, landscaping
of horse breeding areas. It is noted that the horse breeding of the future, along with all
areas of human activity, is closely related to the further development and integration of
technologies.

According to the results of the research, the prospects for the development of
technologies in horse breeding are outlined.

Keywords: horses, equestrian industry, equestrian sport, innovative technologies,
monitoring
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Hocniooicennss  npuceaueni 02120y IHHOGAYIUHUX — MEXHOJORI, wo
3acmocosyromsbcsi Y C8imoeoMy Kouapcmel. Innoeayii cmocyromvcs 3abe3neyenns
MpuUBano2co 300p06020 JCUMMSL KOHElU, Npe3uyusiunoi meouyunu, niazeproi ma PRP-
mepanii, peabinimayiunux 1 MPEHYBANbHUX NPOSPAM, MOHIMOPUH2OBUX Medid-
niamgopm, 2eHemuyHux ma OIOMexHONOIUHUX MemOooi8, pO3POOKU eKOLO2IYHUX ma
Oe3neynux NOKpummis, 3ACMOCY8AHHA NepepobaeHux mamepianie 0as 0yoigenw,
ABMOMAMU308aHI cucmemu MIKpOKIiMamy i npubupauus 6i0xo0ie, aemoMamuii
003amopu  KopMie i3 HALAWMOBAHUMU 2PpApIKamMu, MOHIMOPUHSOBI [HCMPYMeHmu
CHOJICUBAHHSL KOPMY Ma 800U 8 PEeAIbHOMY YACI.

Hatibinow pesontoyitini idei’ cmocyiomvcs po36UmMKY PO3YMHUX MEXHOL02I
MpeHiHey KOHell 3 MOHImopureom hizuuno2o cmany. J{o maxux po3spoboK GiOHOCAMbCS
HaminvHi npucmpoi GPS-ei0cmedcennsn i MOHImopu cepyegoco pummy, mpeKepu
8IOCMeEdNCEHHS NepecyB8ants KoHell Ha OUCMANYIl, CYnYMHUKOBI MEeXHON02Ii CedtCeH s,
KUAUMKU NIO CION0 3 0AMYUKAMU AKMUBHUX MOYOK HA MiNi KOHS, CUCEMY AHAli3y PyXi6
KOHA, Hcmpymenmu 3D-300padicenv 1 3U0MKU pyXie, 2apHimypu KpinjieHHs OJis
cnopmcemenis. bazamo ysazu npudinsaioms 6esneyi KiHHO20 cCHOpmy, 0COOIUBO OUMAY020
ma napacnopmy, y 38 513Ky 3 4uM po3podieHo 3acodu 3axucmy (wnemu 3 Cy4acHux
mamepianie, nHesMamuyni Kypmku ma dcunemu). Basxcnusum cekmopom innosayii y
KOHAPCMGI € MEexXHOA02ll, WO NO3UMUEHO GNAUBAIOMb HA €KOJ02IH - GUKOPUCTAHH
€KON02IYHO YUCmux mamepianie i 0y0igeibHUX mexHoni02iu npu OyOi6HUYmMei Cmaens i
CHOPMUBHUX ~ MAHEJICIB,  3ACMOCY8AHHA  eKOJO2IYHOI  NIOCMUIKY,  cucmemu
KOMNOCMYBAHHS ~ 2HOIN 3  NOOAIbUWON  NepepoOKolo 8  Op2aHiuyHi  00Opusa,
eHepzoeexmuenuti  Ou3auH, 3ACMOCY8aHHs GIOHOBII0BAHOI  eHepeii, 03e/leHiIHHA
Mepumopiti KOHAPCbKUX NIONPUEMCE. 3A3HAYEHO, WO KOHAPCMBO MAtlOYMHbO20 NOpsio
3 ycima cghepamu OisbHOCMI THOOUHU, MICHO MO8 A3aHe i3 NOOANLUUM PO3GUMKOM MaA
iHme2payieio mexHo102iu.

3a pesynomamamu 00cuiodHcenb OKpecieno nepcnekmusu po3eumKy mexHoi02iil
Y KOHAPCMEI.

KurouoBi ciioBa: KoHi, KiHHA IHIYCTpisl, KIHHUI CIIOPT, IHHOBAIIHI TEXHOJIOTI,
MOHITOPHHT.

Introduction. Ukraine is a country with ancient traditions and a rich history of
horse breeding and horse breeding. Despite the current challenges caused by the war, the
industry is promising. With its development, the requirements for the technology of
running the industry, innovative solutions for ensuring all elements of keeping, training,
protection, and monitoring the productivity of horses will also grow. The horse industry
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in developed countries of the world is currently undergoing a significant transformation,
new high-tech means of monitoring the health and fitness of horses are being developed,
robotic technologies for keeping, training, and restoring the body of horses after physical
and nervous stress are being introduced. Innovative technologies not only increase the
quality and accuracy of methods, but also open up new prospects for the development of
scientific thought regarding improving the sports results of horses. Therefore, innovative
technologies should radically and positively change the horse industry, including in
Ukraine.

Given the relevance of this issue, the purpose of the work was to study innovative
technologies used in the horse industry of the world.

Materials and methods. A systematic review of literature sources was carried
out by searching for publications in the databases Scopus, Web of Sciences, Google
Scholar, etc., published in Ukrainian and English in recent years in accordance with the
inclusion criteria. The systematization of published data was carried out with the aim of
accumulating modern scientific knowledge on innovative technologies in horse breeding
for further building our own methodological basis for research in this area in domestic
conditions, taking into account international experience.

Research results. The countries with the largest number of horses in the world
are the USA (over 10 million), China (9 million), Mexico (6.4 million), Brazil (5.5
million), Argentina (3.6 million). In total, according to FAO data (DAD-IS, FAO 2023),
there are about 60 million horses of more than 200 breeds in the world. More than half of
them are kept on the American continent (55.2%).

The horse breeding of Ukraine is currently represented by a horse population of
about 200 thousand individuals, with about 3 thousand of breeding animals identified as
pedigree (Tkachova I. V., 2024). Most of the horses are used (agricultural, rental, tourist,
hobby-class horses), horses used in sports - about 20%. The leading horse breeds are the
Ukrainian riding horse, thoroughbred riding horse, Ukrainian and Oryol trotter,
Novooleksandrivskaya heavy-duty. Recently, riding horses of European selection have
been gaining considerable popularity, which are actively used in sports.

The priority in the horse industry is to ensure a long healthy life for horses, and in
this direction, innovative tools and methods of diagnostics, treatment and health
prevention have developed significantly (Zhang, Y., & Liu, H., 2020). These tools allow
for faster and more accurate detection of health problems in horses that were previously
difficult to detect (for example, tendon damage that is not visible on X-rays). Video
surveillance equipment allows the veterinarian to remotely monitor the health of the
horse, which is effective in sparsely populated regions. Recently, precision medicine has
been increasingly used in veterinary medicine - laser and PRP therapy (platelet-rich
plasma) of tendons and joints of horses that are exposed to significant physical exertion,
accelerating recovery time after strenuous training and competitions. The advantages of
laser therapy are that it is non-invasive and stimulates blood circulation and metabolic
activity using intense, focused light. PRP is an injection treatment that promotes healing
by delivering a concentrated dose of platelet-rich plasma to the damaged area of the body.
The use of platelet-rich plasma and allogeneic mesenchymal stem cells in veterinary
therapy promotes the healing of tendons and ligaments, however, this sometimes triggers
an immune response in the horse, destroying the added stem cells. According to studies
of the last decade (Trelford C.B. et all., 2022; Deng Z. et all., 2024), the addition of the
growth factor TGF-B2 successfully blocks this immune response, with the survival of
treated stem cells being 50% higher than that of untreated cell cultures. Preliminary
observations suggest that in the future this therapy may be used to treat similar injuries in
humans.
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Innovative approaches are also being used in the treatment of musculoskeletal
injuries in horses, ensuring full restoration of functionality. Therefore, hydrogels and
bioactive dressings are being improved, which provide a favorable environment for
wound healing, while preventing the formation of granulation tissue (Fatima A. et all.,
2024). Rehabilitation also plays a crucial role for sports horses, as it helps to prevent re-
injury and prolong active life (Annamiyradov K. et all., 2025). Specially designed training
programs using innovative tools that take into account the individual characteristics of
each horse can significantly increase its physical fitness and performance (Kurhaluk N.
et all., 2023). It is also important to pay attention to the psycho-emotional state of horses,
as stress and anxiety can negatively affect the recovery process. Here, innovative means
of creating comfortable conditions for rapid recovery come to the rescue. In addition, an
important aspect of rehabilitation is teaching owners the correct methods of caring for
animals during the recovery period. This includes recommendations on diet, physical
activity and regime, which allows to provide optimal conditions for recovery. Developed
applications for gadgets and media platforms have brought communication between horse
owners, veterinarians and trainers to another level, exchanging information and learning
from each other's experiences and knowledge (Broms, L. et all., 2021; Hii C. et all., 2020).
Monitoring the processes occurring with the horse (training regimen, rations and feeding
schedules, medical history, pregnancy progress, etc.) in real time can be carried out more
effectively and organized thanks to a mobile application on a regular smartphone or tablet.
For example, the “Sleip” smartphone application uses a video of a horse in motion to
track the movement of certain points of the body for further evaluation of the data by the
veterinarian and trainer (Fig. 1).

Fig. 1. The Sleip smartphone application for step-by-step analysis of a horse’s
condition in real time (photo from the Sleip website)

Due to the high value of individual horses (outstanding sports horses, especially
valuable stallions and mares, rare breeds), reproductive technologies are being developed
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to increase fertility and further improve genetic selection (Palmer E. & Chavatte-
Palmer P., 2020). The most important effect of new technologies is their contribution to
genetic selection and genetic progress (increasing genetic value in a population from one
generation to the next). Innovations in biotechnology — cell division, embryo
transplantation, cloning, preservation of biological material in vitro — allow to accelerate
the improvement of horses (Cabeza J. P. & Gambini A., 2023). Embryo transfer
technology in equine reproduction is not very new and has been used quite successfully
to reproduce the outstanding Landim horses (Alvarenga F.C. et all., 2008), but it is
constantly being improved to increase survival and maintain viability during
transportation. Thus, recently it has become possible to store embryos at 5°C for 12-24
hours and transport them to the transplantation site. Embryo freezing has become more
common using the technique of vitrification of embryos >300 um or dehydration of
embryos >300 pm before freezing. The ability to wash oocytes from mares and fertilize
them by sperm injection has revolutionized the approach of veterinarians to infertility in
mares and stallions (Squires E. et all., 2020). Despite the complexity of implementation
and the high cost of innovative reproductive technologies, they are a promising tool that
can have a positive impact on the preservation of horse populations that are under threat
of extinction and reproduce unique individuals (Turghan M. A. et all., 2022).

Regarding horse keeping technologies, the development of innovative floor
coverings can be highlighted, because traditional materials - concrete, wood - have a
negative effect on the joints and hooves of horses. Innovative materials provide shock
absorption, hygiene, better grip (prevention of slipping), easy cleaning, and therefore -
reduced veterinary costs. Indoor arenas ensure the comfort of sports horses and riders,
environmental friendliness, and the ability to train in any season and weather in optimal
conditions. In an indoor training room, it is possible to provide comfortable temperature,
humidity, lighting, install smart microclimate systems, and cleaning (McGill S. et all.,
2023). Modern climate control systems play an important role in the horse keeping
system, which is especially relevant in conditions of climate change and in difficult
natural and climatic regions. Automated climate control systems provide comfortable
living conditions in horse facilities and equestrian facilities regardless of the external
environment. They create optimal temperature and humidity indicators, improve air
quality through filtration, reduce respiratory problems and heat stress, improve the
comfort of horses during rest and recovery from stress in any climatic conditions. Animal
husbandry systems are closely related to environmental safety issues. Environmental
safety is a priority issue of the modern world, and the horse industry is no exception,
although it is one of the safest for the environment (Kic P. et all., 2024). In this direction,
innovative solutions include the use of environmentally friendly local, as well as recycled
and recovered materials and construction technologies in the construction of horse-
breeding facilities, which has a positive impact on environmental safety, as well as
energy-efficient design - maximizing natural lighting and ventilation, the use of
renewable energy devices (solar panels and wind generators), landscaping the territory of
the horse-breeding enterprise, which has a positive impact on both the environment and
the psycho-emotional state of horses and people. An interesting environmental innovation
is a comfortable, well-absorbing bedding for horses made of recycled paper or hemp,
which is more profitable than traditional straw. Horse manure composting systems that
convert waste into highly nutritious fertilizers for the soil also require attention, which
solves the problems of pasture fertilization and prevents pollution of the stable area and
the environment.

Innovative horse feeding systems play a vital role in rations for horses of different
purposes and workloads, maximizing bioconversion and reducing feed waste. Advanced
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feeding systems are revolutionizing our approach to horse feeding, offering precision and
efficiency that were previously unattainable. Innovative horse feeding systems include
automatic feed dispensers with customizable schedules, real-time feed and water
consumption monitoring tools, and integration with health monitoring systems for
personalized feeding plans. These systems not only ensure that horses are getting the right
amount of food at the right time, but also provide valuable data to veterinarians and
nutritionists to optimize horse diets.

Individual balancing of horse diets is not a new process, however, in recent years,
various manufacturers have offered a huge number of feed additives aimed at leveling
oxidative stress, which contribute to the rapid recovery of the body, improving sports
performance and health (Andriychuk A.V. et all., 2021). Such additives contain amino
acids, vitamins, macro- and microelements, Omega-3 fatty acids and other elements that
protect cell membranes, structural proteins, DNA and contribute to excellent health and
high sports performance of horses. Recently, more and more animal nutrition products
have been developed using nano-technologies. Such products, as prebiotics and
probiotics, help solve problems in the digestive system of horses caused by pH instability,
improve nutrient absorption and strengthen immunity. Today, the market offers a huge
range of horse feed products and it is developing with the progress of scientific research
into the physiology of horse nutrition and the chemical industry. In this situation, the
horse owner needs to decide what exactly and in what quantities his horses need, and
what can harm their health and turn out to be just an unnecessary expense. Timely
hydration is of great importance in the daily routine of the stable and the comfort of the
horses, and therefore the introduction of controlled drinkers is an important element of
technology. An innovation in this process are non-contact ultrasonic sensors, similar to
those of the Cascada Automatic Waterer, which monitor hydration using algorithms based
on data collected over a long period of time, with information available via smartphone
from anywhere in the world (Fig. 2). The device is attached to a stable wall, holds a 20-
liter bucket and can be configured to heat the water flow to the desired temperature to
prevent freezing.

‘.
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Fig. 2. Cascada Automatic Waterer
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A real revolution in horse training technology has been the introduction of
wearable GPS tracking devices and heart rate monitors (Horsepal), which allow real-time
monitoring of the horse’s speed, distance and heart rate during training, and help the
trainer adjust the training. The development of wearable devices (smart halters, limb
sensors) has changed the level of horse health management, such devices provide real-
time data on the horse’s vital signs, activity level and sleep pattern (Fig. 3).
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Fig. 3. GPS tracking device and heart rate monitor (Horsepal)

GPS tracking devices for distance analysis such as (EQUIMO type trackers) help
to track how a horse moves over a distance on a racetrack or competition field and monitor
liveliness, distance, height, angle and specific turns, etc. (Fig. 4). The tracker determines
the time spent on each gait to adjust the optimal pace of movement over the distance. The
recording function allows you to compare sessions to determine trends and progress. By
measuring and analyzing precise changes in limb extension and joint flexion, trainers
know what the horse is feeling. The value of these measurements is that they are
completely unbiased and eliminate any subjectivity.

In recent years, the horse identification system has become mandatory to implant
electronic chips into the horse’s muscles with unique numbers, which allows for quick
identification of horses. Connecting such chips to a GPS satellite navigation system
makes it possible to track the movements of horses, especially when kept in herds or
tracking feral populations (for example, the Przewalski’s horse population in the
Chernobyl Exclusion Zone).
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Fig. 4. Sensor for a horse’s limb

Interesting devices are saddle pads with sensors (such as Estride with 900 sensors)
for monitoring saddle pressure, which measure pressure points on the horse’s back during
riding and jumping. Such pads control whether the saddle is properly fitted, which helps
to avoid discomfort for the horse and back injuries. Thermography with a heat sensor
tracks pain points due to ill-fitting equipment or excessive pressure (weight) which leads
to increased blood flow and body temperature in the affected area of the horse’s body.
The readings from these sensors can also be useful for manufacturers of equine equipment
for further adjustment and improvement (Figure 5-6).
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Fig. 5. Sensors on the saddle and key points of the horse’s movement (photo
from the Fairfax website)

115



3
" Scientific and Technical Bulletin of Livestock farming institute of NAAS, 2025, Is. 133

Fig. 6. Horse gait analysis mapping (photo from Fairfax Saddles Ltd)

Horse gait analysis systems (such as StrideSAFE carriers) allow for accurate
assessment of horse gait, pre-purchase lameness detection, and general gait monitoring
(Calle-Gonzalez, N., 2024). Objectively identifying potential problems such as uneven
strides, lameness, asymmetry, or gait inefficiency assists in the subjective examination of
horses by veterinarians. This technology can also be used to detect hidden injuries. A
horse will move in a way that minimizes discomfort, so naturally, if it is in pain, it will
choose a different mode of movement. The StrideSAFE system analyzes about 3,000
readings per second and captures even the smallest changes in the horse’s gait, helping to
detect potential injury before the rider feels the change.

The use of 3D imaging tools makes it possible to analyze the conformation of the
horse, identifying parts of the body where there has been an improvement in musculature
or movement, as well as to monitor the ontogenesis of foals. In this direction, very
interesting research was carried out by Giraudet C. et all. (2023), who developed a system
based on underwater camera markers and cameras on the horse's body during
hydrotherapy of sport horses (Fig. 7).

In addition, 3D motion capture (Mocap) systems are used to assess the
biomechanics of a horse during a jump, identifying inefficiencies, stress zones and risk
factors for injury. Cameras are placed around the sports field and track the movement of
reflectors attached to the horse’s body, accumulating data on limb movement, joint
angles, and overall symmetry (Fercher, C., 2024). The Mocap device is the most accurate
for measuring movement analysis and is used by athletes, but it is expensive and difficult
to set up, requiring special training for the user. A more economical analogue of this
device are inertial measurement unit (IMU) sensors, which are small wireless devices that
measure acceleration, orientation, movements of different parts of the body, and provide
information about joint angles (Parmentier J. I. M. et all., 2023). Thus, Hatrisse C. and
colleagues (2022) used an inertial measurement unit located on the pasterns, hooves, and
withers of trotting horses to determine gait phases on different sections of the racetrack
with different track surfaces and set the load on the limbs (McGill S., 2023). In the
training system of equestrian athletes, a very interesting niche is increasingly occupied
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by virtual reality technologies in the form of video monitors and headsets attached to the
athlete, reacting to body movements and rein pressure. The devices simulate the
movements of a horse and allow the athlete to improve riding and jumping skills,
orientation on the competition site or on the racetrack track where he plans to perform.
Using this innovation allows the athlete to train without unnecessary strain on the horse
and additional risk of injury. In addition, virtual reality systems allow people to feel like
riders when it is impossible to engage in real horseback riding.

Fig. 7. Calculating the anatomical angles of a horse’s limbs during
hydrotherapy using 3D reconstruction (Giraudet C. et all., 2023)

An urgent problem is the safety of athletes, especially children and people with
disabilities, because equestrian sports are considered one of the most dangerous sports.
Therefore, various companies producing sports equipment and gear are working on
creating and improving protective equipment for equestrian athletes. A good example is
the Point Two USA campaign, which created innovative pneumatic jackets and vests for
riders like airbags in cars (Dyer R. F. & Irizarry R. P., 2014). Riding helmets are made of
modern materials (advanced polycarbonate), they combine lightness, maximum impact
resistance, durability, advanced design. Such helmets have a carefully designed
ventilation system, sun visors. Some models are equipped with a built-in microchip, onto
which you can download data about the rider's health using the KER program, which can
speed up the provision of first aid and in addition - equipped with video cameras for
further analysis of the performance

In recent years, the use of unmanned aerial vehicles in economic activities and the
agricultural sector in particular has developed significantly. Unmanned aerial vehicles
can be very useful for filming and further studying the horse's test route, recording the
course of the race (Fig. 8), as well as when overcoming obstacles, which allows you to
monitor jumps from different angles and perform a detailed analysis of the jump model
and the overall sports performance of the rider-horse pair.
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Fig. 8. Recording of hippodrome races using a drone (image created using Al)

Management of a horse breeding enterprise is becoming increasingly efficient
thanks to the introduction of satellite platforms that provide information on land use
optimization, the state of the forage crop harvest, pasture health, control of horse
movement during grazing, and allow you to track weather conditions for planning outdoor
activities (Lupoae O.-D., 2024). Maintaining pedigree, accounting and other
documentation, exchanging information between horse owners and stud inspectors, etc.
on paper is a thing of the past thanks to the spread of software and mobile technologies
(Johnson, M. & Carter, R., 2021). Management takes place in an automated mode in real
time, which allows for rapid receipt and analysis of information.

As a result of the conducted research, it can be stated that innovative technologies
introduced into the horse industry are directed in the directions presented in Table 1.

Discussion. According to the results of research, innovative technologies in horse
breeding can be divided into separate blocks:

- innovative tools and diagnostic methods, means of treatment and prevention of
horse health (precision medicine, modern drugs for treatment and prevention, means of
protection and rehabilitation of horses);

- innovations in genetics and reproduction (genetic selection, DNA technologies,
embryo transplantation, cloning);

- innovations in housing technology and environmental safety (use of recycled
materials for the construction of stables and arenas, use of modern floor covering
materials, introduction of renewable energy sources and waste disposal technologies);

- innovations in feeding (innovative feeds enriched with probiotics, vitamin-
mineral premixes, preparations for strengthening immunity);

- digital technologies, automation and robotization of technological processes
(software platforms for monitoring the condition of horses in real time, activity sensors,
feeding and watering monitoring systems, robotic cleaning systems, microclimate
regulation systems);

- automated management in real time.

Innovative achievements not only improve the lives of horses and the sporting
achievements of riders, but also revolutionize the approach of equestrian professionals to
their work. From small family farms to large competitive horse breeding enterprises, the
impact of modern technologies is increasingly developing throughout the world's
equestrian industry.
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Table 1
Innovative technologies in horse breeding

Direction of development Innovative technologies, means

Instruments and  diagnostic | Precision medicine, modern drugs for treatment
methods, means of treatment and | and  prevention, means of protection and
prevention of horse health rehabilitation of horses

Genetics and reproduction Genetic improvement programs, DNA
technologies, embryo transfer, cloning
Comfortable life of horses, | Environmentally safe materials for buildings,

environmental safety, floors, bedding
Healthy feeding, economical | Innovative safe and nutritious feeds enriched with
hydration systems probiotics, vitamin and mineral premixes,

preparations  for  strengthening  immunity,
controlled drinkers with moisture sensors, heart
rate monitors

Digital technologies, artificial | GPS tracking devices, smart equipment for horses,

intelligence in training horses trackers, satellite systems, 3D imaging and video
recording tools, virtual reality technologies

Equestrian safety Innovative equipment for riders (impact-resistant
helmets with health analyzers, pneumatic jackets
and vests)

Surveillance systems Use of unmanned aerial vehicles to monitor
training, movement, and horse protection

Automated management Management of a horse breeding enterprise on

satellite platforms using programs adapted to
business conditions

Technologies are progressing and revolutionizing our daily lives, providing us
with more information about health, finances and the world around us, while making it
easier to perform tasks that may have seemed impossible a few years ago. The future of
horse breeding, like any other field of human activity, is closely linked to the further
integration of technologies. The development of new methods of genetic analysis,
reproductive technologies, the creation of new materials and smart management systems,
and the improvement of environmental sustainability allow the horse breeding industry
to be in demand and competitive.

Conclusion. The modern horse industry in the world is constantly improving due
to the development and implementation of innovative technologies that concern all
sectors of the industry - genetics and reproduction, maintenance and feeding, training,
monitoring and management. The priority in the horse industry is to ensure a long healthy
life for horses, which is ensured by developments in veterinary medicine and
pharmacology, genetics and biotechnology, nutrition physiology and feed production,
nanotechnology and nanomaterials, and the use of artificial intelligence in monitoring
systems and management of horse breeding enterprises.
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The article is devoted to an overview of trends, volumes and state of sorghum
cultivation in Ukraine and on a global scale. Sorghum is one of the most important forage,
industrial and food crops, which is characterized by high drought resistance, ecological
plasticity and versatility of use. It ranks fifth among the most widespread grain crops in
the world, grown in more than 85 countries on an area of about 50 million hectares. The
main producers are the United States, Australia, Argentina, China, Mexico and Japan.

Ukraine is one of the key European producers of sorghum, actively introducing
modern agricultural technologies and increasing its export potential. Despite the
temporary reduction in acreage, they are projected to expand significantly in the coming
years.

Historical aspects of sorghum domestication and the variety of its use are traced.
Sorghum has a long history, it was grown in Ancient Egypt more than 3000 years ago. It
has spread all over the world, adapting to different climatic conditions. Thanks to
breeding achievements, various types of sorghum were bred: grain, sugar, broom and
fodder, each of which has its own specific application.

The article considers the features and advantages of this promising crop for our
climatic conditions. Attention is focused not only on the botanical features of sorghum as
a fodder crop in the agro-industrial complex of Ukraine, but also on the diversity of its
species forms and hybrids.

In particular, the main directions of breeding sugar and grain sorghum are
analyzed. A comparative analysis of the chemical components of grain sorghum and the
content of individual mineral elements in seeds is carried out.

The main advantages of sorghum in terms of its resistance to diseases and pests
in comparison with the range of forage crops similar in botanical characteristics are
evaluated.

The article highlights the experience of specialists in using sorghum in feeding
farm animals, and its impact on product quality. In animal husbandry, sorghum is used
as a highly nutritious feed containing protein, starch and trace elements, which helps to
improve the productivity of livestock. Its grain is actively used in the production of mixed
feed, gluten-free products and bioethanol, and green mass for the production of silage.

Keywords: sorghum, crop distribution, breeding directions, hybrids, soriz,
sorghum grain, sorghum silage, animal feeding.
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COPI'O — NEPCHEKTUBHUM KOPMOBUM PECYPC J1JIsI

TBAPUHHUIITBA B YMOBAX KIIMATUYHHUX 3MIH
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Cmamms npucesuena 02110y meHoeHyil, 00 emi i CmaHy 8Upowy8anHs copeo 8
Yrpaini ma y ceimosomy macwmabi. Copeo — 00HaA 3 HAUBANCTUBIUWUX KOPMOBUX,
MEXHIYHUX [ NPOO0BONLUUX KYIbMYP, KA BUPIZHAEMbCA BUCOKOIO NOCYXOCMIUKICMIO,
€KOJIO2TYHOI NAACMUYHICIIO MA YHIBEPCAbHICMIO 8uKopucmanus. Bono 3aiimae n’ame
Micye ceped HabiIbuL NOWUPEHUX 3ePHOBUX KYIbMYP CE8IMY, BUPOWYEMbCA Y NOHAO 85
Kpainax Ha naowi 6auzvko 50 man ea. I'onosnumu eupobnuxamu € CILLA, Ascmpanis,
Apeenmuna, Kumaii, Mexcuxa ma Anouis.

Vikpaina € o00num i3 Ki0u08UX €8PONEUCHLKUX BUPOOHUKIB COp20, AKMUBHO
BNPOBAOINCYIOUU CYUACHI ACPOMEXHONI02I] ma HAPOWYIOUU eKCHOPMHULL NOMmeHYiall.
He3zesaorcarouu na mumyacoge ckopoyeHHs NOCIBHUX NIOW], NPOSHO3YEMbCS IXHE Cymmese
DO3UIUPEHHSL V) HATOIUNCYT POKU.

IIpocmedsiceno icmopuuni acnekmu 00OMAWHEHHs COp20 Ma Pi3HOMAimmsl 1io2o
suxopucmanns. Copeo mae oasnio icmopito, 1020 supousyeanu we 6 /lasnvomy €eunmi
nonao 3000 poxie momy. BoHO nowupuiocs no 6CboMy c8imy, a0anmyoducs 00 pi3Hux
KAIMAMUYHUX yMo8. 3a805KU CeNeKYIUHUM OOCACHEHHAM 0YI0 8UBEOeHO DI3HI 8UOU
copeo. 3epHo8e, YYKpoge, GIHUYHE MAa KOPMOGe, KOMCEeH 13 AKUX MAE C800 Cneyugixy
3acmocy8anHs.

Y cmammi posensanymo ocobnusocmi ma nepesacu yici nepcnekmueHoi 0
Hawux KiimMamuynux ymog Kyavmypu. CKOHYeHmpo8ano yeazy He nuuie Ha OOMAaAHIYHUX
0COOIUBOCAM COP20 AK KOPMOBOI KYIbMYpU 68 a2ponpomMuciosomy Komniekci Ykpainu,
ane U Ha Pi3HOMAHIMmI 1020 8UO0BUX (hopm ma 2iopudis.

3oxpema npoananizo8aHo OCHOBHI HANPAMKU CceleKyii copao yyKpogoeo ma
3epro6o2o. IIposederno nopieHAnNbHUL aHANI3 XIMIYHUX CKIAO0BUX 3ePHOB020 COP20 ma
BMICMY OKPEeMUX MIHEPANIbHUX e1eMEHMIE 6 HACIHHI.

Oyineno OCHOBHI NAOCU COP2O WOOO 1020 CMIUKOCMI 00 X80p0O Ma WKIOHUKIG
NOPIBHAHO 3i CHEKMpOM NOOIOHUX 34 OOMAHIYHUMU XAPAKMEPUCTNUKAMU KOPMOBUX
KVI6myp.

Bucsimneno  ooceio  ¢haxisyie 6  euxopucmaHuwi  copeo 6  200i8li
CIIbCbKO20CNO00APCHLKUX MBAPUH, MA 1020 8NAUE HA AKICMb NPOOYKYii. ¥ meapunnuymei
COp20 BUKOPUCMOBYEMBCS K BUCOKONONCUBHULI KOPM 13 8MICIOM OIIKA, KpOXMAn0 ma
MIKpoeieMenmie, wo cnpuse NOKpaujeHH!o npooykmugHocmi xyoobu. Hozo 3epmo
AKMUBHO 3ACMOCO8YIOMb Y BUPOOHUYMBI KOMOIKOpMIS, 0e321i0meHo8ux NpooyKmis i
bioemanony, a 3enena maca Ol U2OMOGIEHHs CUTLOC).

KuarouoBi cioBa: copro, mommpeHHs KyJIbTypH, HalpsIMU CENeKIIii, Ti0puu,
COpH3, 3€pHO COPro, CUJIOC 3 COPro, FOJIIBJISI TBAPHH.

We live in times of change that occur regardless of our attitude to them. And in
such conditions, it is important not only to be able to adapt to new challenges, but also to
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try to stay ahead of them. This also applies to the agricultural sector, as one of the most
traditional in the global economy.

The use in agricultural production of crops characterized by high yields, resistance
to adverse environmental conditions, pests and diseases is one of the sources of increasing
the volume of feed production and strengthening the feed base.

Sorghum is the most important fodder, technical and food crop. It is cultivated in
many countries of the world on all continents. Different peoples of the world call sorghum
culture differently: in Central Asia - jugara, in India - jovar, in China - gaolyan, hundzu,
shoshu, in Korea - Su-Su, in Georgia - Gomi, in Asia Minor - Dora, in the African country
- Durra, zorrat, in Spain, France - sorgo, etc. This culture got its name for its height from
the Latin "sorgos" - "to rise, to rise" (Cardoso, L. M. et al., 2015). In World Agriculture,
sorghum ranks fifth among the most common grain crops and is grown in 85 countries
around the world on an area of about 50 million hectares. Ga (Rakshit, S. et al., 2014).
Such large acreage of sorghum is associated with its unpretentiousness, high
environmental plasticity and heat resistance. High productivity, feed advantages and
versatility put sorghum among the most promising crops (Hossain, S. et al., 2022;
Pravdyva, L. A. et al., 2023; Widodo, S. et al., 2024). Taking into account the relevance
of this issue, the aim of the work was to analyze the experience of specialists in using
sorghum in feeding farm animals, and its impact on product quality.

Research materials and methods. A systematic review of literature sources is
carried out by searching for publications in the databases Scopus, Web of Sciences,
Google Sscholar, etc., published in Ukrainian and English in recent years in accordance
with the inclusion criteria. The systematization of the published data was carried out in
order to accumulate modern scientific knowledge on the use of sorghum as a feed crop in
cow feeding and its impact on the quality of dairy products to further build their own
methodological basis for research in this direction in domestic conditions, taking into
account international experience.

Research results. The world's main producers of sorghum are North America and
Africa, the main exporters are the United States, Australia and Argentina, and importers
are China, Mexico and Japan (Kondratiuk, S. 2018).

It should be noted that Ukraine is assigned one of the key roles in this regard, since
our state is already one of the largest producers of this crop in Europe with an area of 70
thousand hectares and a production volume of 256 thousand tons. Another 18 thousand
hectares are occupied by fodder sorghum crops. However, in recent seasons, its acreage
has significantly decreased, which was due to the higher profitability of corn, soybeans
and sunflower. In a few years,the area under sorghum will occupy at least 1-1.3 million
hectares, and in 5-10 years it can partially replace corn and even sugar beet. Ukrainian
farmers are actively implementing precision farming technologies, which allows them to
optimize costs and increase production efficiency.

Sorghum has significant potential for development both domestically and for
export. Due to its high nutritional value and versatility of use, sorghum can become a key
crop for many farms. Ukrainian farmers have the opportunity to expand their sales
markets, including Europe and Asia, where the demand for sorghum is constantly
growing (Ozturk, 1. 2018).

Sorghum is native to Equatorial Africa. Archaeological finds indicate that the
practice of domestication of the culture was transferred from Egypt to Ethiopia around
3000 Years BC.E. on ancient monuments in Egypt, built long before 2200 BC, drawings
of harvesting and found sorghum grain, which indicates the cultivation of this culture
from time immemorial. Its antiquity is confirmed by ancient monuments in the countries
of East and South Asia (Cardoso, L. M. et al., 2015; Smith, C. W. 2000). Sorghum came
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to India by land and sea routes. Its cultivation in India is mentioned in Legends dating
back to the First Century AD, under the name "cane barley"”. In this country, grain
sorghum is considered the third most important food crop after wheat and rice. It is
believed that India and China are secondary foci of origin and formation. It is known that
when sorghum genotypes are transferred to new geographical zones, modification
variability occurs. In the new conditions, the crop may be more productive and precocious
than at home, as a result of which it occupies larger areas. Thus, the sorghum nevrosum
race is not widespread in Africa, and in China and India it is an important national culture
(Burgarella, C. et al. , 2021). Natural and artificial selection has led to the emergence of
new forms that have led to the varieties of sorghum that we now grow (Ge, F. et al., 2022).
From India and China, sorghum was imported to Central Asia 2-3 millennia ago.

Weed sorghum was first cultivated and grown in America and Europe earlier than
all other cultivated sorghum imported later directly or indirectly from Africa. In China,
the first documented mention of sorghum appears as early as the 3rd century AD.the
widespread use of sorghum in Italy dates back to the late 17th century. Dried sorghum
shoots were collected in the form of brooms and used to clean clothes in Italy, France and
Germany. By the 1700s, the widespread use of sorghum in Europe had attracted the
attention of Benjamin Franklin. During the 1960s and 1970s, production was moved to
Mexico, which is still one of the most significant suppliers of sorghum to the US market.
The main sorghum producing countries in southeastern Europe remain Serbia, Hungary
and Turkey, with smaller crops in Romania, Bulgaria and Ukraine (Berenji, J. et al.,
2011).

In North and South America, the genus Sorghum was introduced in the XVII
century, simultaneously with the development of the slave trade, which took sorghum
grain with them as a food product. In the United States, sugar sorghum was first imported
from China via France in 1851 under the name Chinese Amber. White and brown forms
of sorghum, called Egyptian corn, were imported from Egypt in 1874. Currently, the
main areas under sorghum are concentrated in the" sorghum belt": the states of Nebraska,
Missouri, Kansas, Oklahoma, Texas (Assefa, Y. et al., 2024; McGinnis, M. J. et al., 2020).
In the United States, the greatest success has been achieved in the selection, seed
production and agricultural technology of grain sorghum. Only 14% of the world's
acreage is concentrated here, and the gross harvest is about 40%. Currently, the main
companies in the United States engaged in the production of sorghum seeds are
Monsanto, Pioneer, Pfister, Gareth and Thomas, Syngenta, Frontier. In Europe (ltaly,
Romania, Hungary, Albania, Bulgaria, Hungary), sorghum crops occupy about 20% of
the area (5 million hectares). ha).

In the XVIII century, there was a sharp increase in the area under sugar sorghum,
which is associated with its use for the production of sorghum honey (Eggleston, G. et
al., 2022). The spread of sugar sorghum contributed to the construction of small sugar
factories. However, by the end of the X1X century, the production of sorghum sugar was
abandoned.

Interest in sorghum increased after prolonged droughts, when other crops sharply
reduced vyields. In the context of climate change, there is a need to reorient to more
sustainable forage crops that are highly nutritious and adaptable to drought and abnormal
weather events. On the one hand, sorghum has always been characterized by increased
grain productivity and drought resistance, and on the other hand, it remained a secondary,
poorly studied crop, which determined the opinion about its unreliability. In addition,
with the advent of new white-grain varieties, the possibilities of using sorghum for starch,
alcohol (Abah, C. R. et al., 2020).
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There are about 50 species of sorghum in the world. Classification of sorghum
was started by American breeders, who at the beginning of the 20th century divided
sorghum species into four groups: grain, sugar, broom and herbaceous, identified among
them ecological and geographical subgroups and varietal types (Wondimu, Z. et al.,
2021). A number of requirements are put forward for modern varieties: compliance with
soil and climatic conditions, high potential yield, resistance to adverse conditions, high
product quality, adaptability to mechanical processing. All these tasks can be achieved
by various breeding methods (selection, hybridization, polyploidy, mutagenesis, etc.). In
recent years, breeders ' attention has been drawn to the prospect of creating hybrid
populations (Wu, Y. P. et al., 2023).

Since 1977, new hybrid sorghum populations have been created based on
phenotypically aligned but genotypically sharply different hybrid material. In sorghum
breeding, a significant event is the creation of a rice-like form of sorghum (soriza), which
has valuable nutritional properties. Soriz grain is characterized by good vitreous, high
endosperm hardness and therefore high extrusion capacity, good taste, and resistance to
diseases (Dremlyuk, H. K. et al., 2020; Voitovska, V. 1. et al., 2022).

The main areas of breeding work for grain sorghum are: early ripening, suitability
for mechanized harvesting, grain yield and quality (starch, protein, tannin, lysine content)
(Gichile, H. 2022; Trevifio-Salinas, M. et al., 2021). With the advent of such varieties,
prospects open up for the use of grain for starch production, in the production of gluten-
free bakery products (Szabtowska, E. et al 2021; Gémez, M. 2022; Khoddami, A, et al.,
2023).

The main direction of sugar sorghum breeding is low growth, resistance to
lodging, early ripening, disease damage, high yield of green mass, high content of protein
and sugars in green mass (Herniwati, H. et al., 2024). The world has developed
technologies for obtaining feed concentrate with a sugar content of 50-55% for a balanced
sugar-protein ratio in animal feeding, production of food syrup for the confectionery
industry, production of bio-alcohol, etc. (Leite, P. et al., 2020).

On average, over the years of research, in terms of nutritional value, namely the
highest content of protein, fat and carbohydrates among the studied hybrids, American —
Prime stood out, whose caloric content was 320 kcal., from the French — hybrid-Burggo
with a caloric content of 318 kcal. The highest values of thiamine were found in the seeds
of hybrids of American selection — Yuki and Prime, which amounted to — respectively —
0.43-0.45 mg/100 g. in the seeds of the American hybrid of grain sorghum — Prime, the
highest biotin content was established — 0.018 mg/100 g. The studied hybrid of grain
sorghum of the American selection Prime, over the years of research, was characterized
by the highest na content in its composition, which was — 26 mg/100g. as a result of the
research, it was revealed that the co content in all the studied hybrids of grain sorghum
was in the same amount and amounted to — 2.0 mg/100 g. the highest Al content was
found in the seeds of French hybrids, these indicators were at the level of 1,550 to 1,555
mg/100 g. In terms of B content, the American Yuki hybrid turned out to be the best,
since the content of this trace element was 0.347 mg, while the French Burggo hybrid had
the lowest boron content — 0.325 mg. The seeds of the American hybrid sorghum grain
Prime 160 have the highest content of such a trace element as zinc at the level of 2.15
mg/100 g.

There are 5 types of sorghum in Ukraine, 4 of them are cultivated, mainly in the
southern parts of the country. Dzhugara and sugar sorghum are grown in small areas in
the steppe. Important varieties and hybrids in the steppe zone of Ukraine: Ukrainian 107,
Kuban red 1677, Genichesk 1, Steppe hybrid 5, feed hybrid 5, Orange 160.
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The agricultural sector of Ukraine in its functioning requires an urgent solution to
the problem of further development and improvement of livestock productivity by
organizing a scientifically based feed base and mainly focuses on the use of modern
scientific achievements and the widespread introduction of the latest innovative and
knowledge-intensive technologies aimed at actively increasing production volumes. In
this regard, there is a need for special attention to technological solutions for storing
sorghum grain, its effective use in feeding cattle with the study of the influence of a new
feed ingredient in the diets of dairy cows on the physical and chemical parameters of
milk, the physiological state of cows, their reproductive ability. Therefore, the study of
the productive effect of sorghum grain when used in feeding cattle (dairy cows) as part
of the feed diet is relevant.

What is the advantage of sorghum over the range of similar forage crops in
biology? Grain sorghum, unlike corn, is not demanding on the presence of moisture in
the soil, so it is perfectly suitable for those regions where the cultivation of moisture-
loving fodder crops is difficult. Sorghum is less susceptible to pests and diseases, which
not only reduces the cost of pesticides by an average of 30%, but also minimizes the risk
of mycotoxins in feed. The structure of the plant does not allow fungi to actively develop
(Suszkiw, J. 2023; Lee, S. et al., 2022).

Problems with water supply are extremely acute. According to the transpiration
indicator, sorghum bypasses the main fodder crop - silage corn, a high yield of which can
be obtained only with a high level of moisture. For example, sorghum consumes only 300
parts of water per unit of dry matter. For comparison, Sudan grass - 340, corn - 388,
wheat-515.

There is no universal culture that meets absolutely all the requirements of
livestock breeders. Moreover, it is also impossible to ensure a timely conveyor belt with
one crop. Therefore, the selection of the most appropriate and hardy plants that can ensure
the production of products despite stressful conditions is the best option. In this case,
sugar sorghum is considered as the only alternative to using corn as a silage crop. After
all, when it is grown outside irrigated areas, corn loses all its advantages as a highly
productive plant. (Getachew, G. et al., 2016; Pujiharti, Y. et al., 2022).

In terms of the content of basic nutrients, sorghum grain is practically not inferior
to corn. It is characterized by a high protein content (from 11%) and an increased lysine
content (protein quality depends on this amino acid). According to scientists, increasing
the amount of lysine by 0.1 g increases the level of protein digestibility per 1 g per 100 g
of feed. Sorghum grains also have a high starch content (Beta, T. et al., 2000).

Sorghum contributes to the achievement of average weight gains similar to those
achieved when feeding cattle on fattening grounds with a diet with corn. Sorghum not
only has a positive effect on the growth and development of farm animals, but also
improves the quality of meat due to its low content of polyunsaturated acids (Ochieng, B.
et al., 2020; Jiao, J. et al., 2022).

There are several types of sorghum, and each has its own preferences. Grain
sorghum is a fodder, food and technical crop. Sorghum grain is often used for the
preparation of mixed feed, as well as as a concentrated feed not only for pigs, but also for
cows, horses and poultry. The nutritional value of sorghum grains is quite high, in its
composition this crop is very similar to corn and barley, which belong to grain crops.
Sorghum has significantly more protein than corn, but instead it is inferior in such a factor
as digestibility of substances (Ronda, V. et al., 2019).

Experts say that the use of sorghum grains in feed additives is equivalent to barley
grains, pigs give the same increase and quality of meat. But there is one advantage of this
crop, which is manifested in the fact that the yield of sorghum significantly exceeds spring
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barley, so you can get twice as much pork from 1 hectare of sorghum as from 1 hectare
of barley.

Sorghum grains contain 12-15 percent protein, about 70 percent starch, and 3.5 -
4.5 percent fat. In one hundredweight of grain, there are from 118 to 130 feed units. This
indicator of nutritional value is considered quite good.

Some experts insist that the total percentage of sorghum grains in pig feed should
be approximately 30-50 %, while they note accelerated growth of piglets, especially late
farrowing. Pork turns out to be a dense, intense pink color and is well sold out on the
market (Sotak, K. M. et al., 2015; Thomas, L. L. et al., 2020).

Sorghum grain is covered with a dense shell, during feeding it is not fully digested
and transits through the gastrointestinal tract. Sorghum proteins and starches are digested
in the rumen for up to two days (Yahaghi, M. et al., 2014; Risyahadi, S. T. et al., 2023).
Therefore, it is better to pre-process sorghum grain before use:

- Grinding is the cheapest way. Sorghum is processed almost in the same way as
corn. Good grain grinding up to 1.8 mm for better assimilation.

- Flattening, pre-treated with steam.

- Flattening of dry grain.

- Extrusion.

All these methods of pretreatment of grain give different degrees of digestibility.
The "glassy" state of the endosperm slows down the breakdown of starch and proteins in
the rumen, which reduces the risk of acidosis and optimizes the delivery of dietary
proteins digested in the intestines.

When feeding sorghum grain, the consumption of dry matter decreases (Aguerre,
M. et al., 2009). Unlike traditionally used grain types, sorghum is digested very slowly
in ruminant Rumen due to the fact that sorghum starches and proteins are more resistant
to enzymes. On meat animals, this is not essential, but during feeding dairy cattle and
raising calves, problems may arise. When flattening with steam treatment, eating can be
increased by 15%, but this treatment greatly increases the cost of food.

Sugar sorghum and sorghum-Sudan hybrid are successfully used for silage and
haylage. Such top dressing is simply irreplaceable in winter in the diet of feeding pigs
and other farm animals. Sorghum silage has a pleasant aroma, reminiscent of fruit, its
taste qualities are quite high, so it is much better eaten by animals. The energy content in
the sorghum crop is 18.3 MJ per kilogram (Jabbari, H. et al., 2011; Cattani, M. et al.,
2017; Guo, F. et al., 2024).

Sorghum produces a green mass from the beginning of July to the end of August,
surpassing other crops in yield. After mowing, sorghum grows quickly and vegetates until
late autumn. With timely mowing for green fodder, it can produce 2-3 mowing per year.

Some sorghum varieties retain the ability to effectively silage their green mass for
up to one and a half months from the moment of the optimal phase (milk-wax) of grain
ripeness. This means that for Farms Limited in harvesting facilities and transport
equipment, this crop is a real godsend.

Sorghum is suitable for silage. At the same time, its nutritional value will be lower
than that of corn silage. The actual composition may vary depending on hybrids,
harvesting dates, and storage losses.

The efficiency of sorghum silage depends on the level of livestock productivity.
(Abdelhadi, L. O. et al., 2006). Experiments conducted on lactating cows proved that the
complete replacement of corn silage with sorghum silage did not affect milk yield (Zhang,
S. et al., 2024). However, such results were obtained by adding starch sources (such as
corn flour) to the sorghum diet to compensate for the lower starch content in sorghum
silage compared to corn silage. At the same time, there are opinions that changing the
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type of silage and including starch sources in the diet will affect the nature of fermentation
in the rumen (Pimentel, J. et al., 2013; Li, S. S. et al., 2020; Lv, X. et al., 2023).

What to be afraid of when using sorghum in feeding farm animals? It is necessary
to pay attention to the sorghum variety itself. Since some varieties have a high percentage
of tannins (it does not affect the feed value, but affects its digestibility and digestion,
tannin itself is an astringent); monoenzymes can be added to improve digestion. In
modern hybrids, the tannin index is low, on average 0.3-0.5%, which has a positive effect
on feed digestion, but it is necessary to pay attention to the indicators. It is also worth
considering the indicators of hydrocyanic acid - it is not allowed in sorghum. In silage,
its neutralization occurs in about 1-2 weeks naturally.

Discussion. The analysis of information sources covers a wide range of issues
related to the production and use of sorghum, including its history, global distribution,
breeding, nutritional and feed value for animals.

Concluding the review of known sources on the use of sorghum as a priority
fodder crop in the context of climate change, it should be noted that climate change will
continue to affect many areas in the entire chain of feed and food production, and
therefore the selection of fodder crops adapted to the impact of negative climatic factors
becomes particularly relevant.

Encouraging producers to resume sorghum cultivation is based on the high
potential of Ukraine in the form of acreage for this crop, the projected growth of which
to 1-1.3 million hectares indicates its prospects. If we take into account adaptability,
compared to corn, this crop is less demanding of moisture, which makes it suitable for
regions with irrigation problems. In the face of climate change, this is an important
advantage. No less significant is the search for areas of sorghum breeding and obtaining
hybrids that will produce high yields in different climatic zones of Ukraine. Sorghum has
a high nutritional value, which can contribute to its wider use in the food industry (gluten-
free products, starch, alcohol). This promising crop is a valuable feed for livestock, pigs,
and poultry. At the same time, it is important to take into account the nuances of
digestibility and methods of pre-processing grain. The introduction of this crop into the
feed wedge of farms for the production of livestock products will allow timely receiving
a sufficient amount of sorghum grain and harvesting silage necessary for feeding cattle,
especially lactating cows, which will contribute to obtaining high-quality dairy and meat
products and preserving the health and productive longevity of livestock.

Conclusions. Thus, the spread of sorghum in the world indicates the great
potential of this crop. Due to the origin and species diversity of sorghum, even in the
driest and hottest regions of the world, unlike other agricultural crops, it allows you to get
stable, high yields of grain and green mass. This makes it one of the leading grain and
food crops. The use of sorghum silage is an effective solution in animal husbandry,
especially in conditions of shortage of corn silage. However, for optimal effect, it is
recommended to adjust the diet and carefully control the quality of feed. At the same
time, the potential of this culture in Ukraine is still far from being revealed.

References
Abah, C., Ishiwu, C., Obiegbuna, J., & Oladejo, A. (2020). Sorghum Grains: Nutritional
Composition, Functional Properties and Its Food Applications. European Journal
of Nutrition & Food Safety, 12 (5), 101-111.
https://doi.org/10.9734/ejnfs/2020/v12i530232
Abdelhadi, L. O., & Santini, F. J. (2006). Corn silage versus grain sorghum silage as a
supplement to growing steers grazing high quality pastures: Effects on

129


https://journalejnfs.com/index.php/EJNFS/index
https://journalejnfs.com/index.php/EJNFS/index
../../../../../../../../../Downloads/12%20(5
https://doi.org/10.9734/ejnfs/2020/v12i530232

f
gj Scientific and Technical Bulletin of Livestock farming institute of NAAS, 2025, Is. 133

performance and ruminal fermentation. Animal Feed Science and Technology,
127 (2), 33-43. https://doi.org/10.1016/j.anifeedsci.2005.08.010

Aguerre, M., Cajarville, C. , Machado, V., Persak, G., Brambillasca, S., & Repetto, J.
(2009). Dry matter intake and digestibility of temperate pastures supplemented
with sorghum grain in wethers and heifers. South African Journal Of Animal
Science, 39 (1), 252. https://doi.org/10.4314/sajas.v39i1.61158

Assefa, Y., Holman, J., Obour, A., O’Brien, D., & Prasad, P. (2024). Historic Grain
Sorghum Production, Value, Yield Gap, and Weather Relation Trends. Agronomy,
14 (11), 1-15. https://doi.org/10.3390/agronomy14112582

Bereniji, J., Dahlberg, J., Sikora, V., & Dragana, L. (2011). Origin, History, Morphology,
Production, Improvement, and Utilization of Broomcorn [Sorghum bicolor (L.)
Moench] in  Serbia. Economic  Botany, 65 (2), 190-208.
https://doi.org/10.1007/s12231-011-9155-2

Beta, T., Corke, H., Rooney, L., & Taylor, J. (2000). Starch properties as affected by
sorghum grain chemistry. Journal of The Science of Food and Agriculture, 81 (2),
245-251. https://doi.org/10.1002/1097-0010(20010115)81:2<245::AID-
JSFA805>3.0.CO;2-S

Burgarella, C., Berger, A., Glémin, S., David, J., Terrier, N., Deu, M., & Pot, D. (2021).
The Road to Sorghum Domestication: Evidence From Nucleotide Diversity and
Gene. Expression Patterns Front  Plant  Sci., 12, 1-15.
https://doi.org/10.3389/fpls.2021.666075

Cardoso, L. M., Silva Pinheiro, S., Duarte Martino, S.H., & Pinheiro-Sant'Ana, H. M.
(2015). Sorghum (Sorghum bicolor L.): nutrients, bioactive compounds, and
potential impact on human health. Critical Reviews in Food Science and Nutritio,
57 (2), 372-390. https://doi.org/10.1080/10408398.2014.887057

Cattani, M., Guzzo, N., Mantovani, R., & Bailoni, L. (2017). Effects of total replacement
of corn silage with sorghum silage on milk yield, composition, and quality.
Journal of Animal Science and Biotechnology, 8 (D).
https://doi.org/10.1186/s40104-017-0146-8

Dremlyuk, H. K., Topal, I. A., Vlashchenkov, V. M. (2020). Soriz conditions of success
(spring worries about harvest). Available at: https://olis.com.ua/en/press-centre-
en/articles/articlel13/

Eggleston, G., Triplett, A., Bettarber, K., Boue, S., & Bechtel, P. (2022). Macronutrient
and mineral contents in sweet sorghum syrups compared to other commercial
syrup sweeteners. Journal of Agriculture and Food Research, 7, 1-11.
https://doi.org/10.1016/j.jafr.2022.100276

Ge, F., Xie, P., Wu, Y., & Xie, Q. (2022). Genetic architecture and molecular regulation
of sorghum domestication. aBIOTECH, 4 (1), 57-71.
https://doi.org/10.1007/s42994-022-00089-y

Getachew, G., Putnam, D., Ben, C., & Peters, E. (2016). Potential of Sorghum as an
Alternative to Corn Forage. American Journal of Plant Sciences, 7 (7), 1106—
1121. https://doi.org/10.4236/ajps.2016.77106

Gichile, H. (2022). Review On Breeding Sorghum (Sorghum Bicolor (L.) Moench) for
Nutritional Quality Improvement International Journal of Research Studies in
Agricultural Sciences (IJRSAS), 8 (2), 13-19, https://doi.org/10.20431/2454-

6224.0802002
Gomez, M. (2022). Gluten-free bakery products: Ingredients and processes. Advances in
Food and Nutrition Research, 99, 189-238.

https://doi.org/10.1016/BS.AFNR.2021.11.005

130


https://www.sciencedirect.com/journal/animal-feed-science-and-technology
../../../../../../../../../Downloads/127%20(1–2)
https://doi.org/10.1016/j.anifeedsci.2005.08.010
https://www.researchgate.net/profile/M-Aguerre
https://www.researchgate.net/profile/Cecilia-Cajarville
https://www.researchgate.net/scientific-contributions/V-Machado-2007510488
https://www.researchgate.net/scientific-contributions/G-Persak-2007511949
https://www.researchgate.net/profile/Sebastian-Brambillasca
https://www.researchgate.net/profile/Jose-Repetto?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/South-African-Journal-Of-Animal-Science-2221-4062?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/South-African-Journal-Of-Animal-Science-2221-4062?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
http://dx.doi.org/10.4314/sajas.v39i1.61158
https://doi.org/10.3390/agronomy14112582
https://www.researchgate.net/scientific-contributions/Janos-Berenji-77200254
https://www.researchgate.net/profile/Jeff-Dahlberg
https://www.researchgate.net/profile/Vladimir-Sikora
https://www.researchgate.net/profile/Latkovic-Dragana
https://www.researchgate.net/journal/Economic-Botany-1874-9364?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
http://dx.doi.org/10.1007/s12231-011-9155-2
https://www.researchgate.net/profile/Trust-Beta
https://www.researchgate.net/profile/Harold-Corke?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/scientific-contributions/LW-Rooney-10781679?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/scientific-contributions/John-RN-Taylor-15832533
https://www.researchgate.net/journal/Journal-of-The-Science-of-Food-and-Agriculture-1097-0010?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
http://dx.doi.org/10.1002/1097-0010(20010115)81:2%3C245::AID-JSFA805%3E3.0.CO;2-S
http://dx.doi.org/10.1002/1097-0010(20010115)81:2%3C245::AID-JSFA805%3E3.0.CO;2-S
https://pubmed.ncbi.nlm.nih.gov/?term=%22Burgarella%20C%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Berger%20A%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Gl%C3%A9min%20S%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22David%20J%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Terrier%20N%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Deu%20M%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Pot%20D%22%5BAuthor%5D
https://doi.org/10.3389/fpls.2021.666075
https://pubmed.ncbi.nlm.nih.gov/?term=de+Morais+Cardoso+L&cauthor_id=25875451
https://pubmed.ncbi.nlm.nih.gov/?term=Pinheiro+SS&cauthor_id=25875451
https://pubmed.ncbi.nlm.nih.gov/?term=Martino+HS&cauthor_id=25875451
https://pubmed.ncbi.nlm.nih.gov/?term=Pinheiro-Sant%27Ana+HM&cauthor_id=25875451
https://doi.org/10.1080/10408398.2014.887057
https://www.researchgate.net/profile/Mirko-Cattani
https://www.researchgate.net/profile/Nadia-Guzzo-2?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Roberto-Mantovani-3?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Lucia-Bailoni?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/Journal-of-Animal-Science-and-Biotechnology-2049-1891?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
http://dx.doi.org/10.1186/s40104-017-0146-8
https://olis.com.ua/en/press-centre-en/articles/article13/
https://olis.com.ua/en/press-centre-en/articles/article13/
https://www.sciencedirect.com/journal/journal-of-agriculture-and-food-research
../../../../../../../../../Downloads/7
https://doi.org/10.1016/j.jafr.2022.100276
https://pubmed.ncbi.nlm.nih.gov/?term=%22Ge%20F%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Xie%20P%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Wu%20Y%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Xie%20Q%22%5BAuthor%5D
https://doi.org/10.1007/s42994-022-00089-y
https://www.researchgate.net/profile/Girma-Getachew-2?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Dan-Putnam?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/scientific-contributions/Christopher-M-De-Ben-2230649156
https://www.researchgate.net/scientific-contributions/Edward-J-De-Peters-2109643704?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/American-Journal-of-Plant-Sciences-2158-2750?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
http://dx.doi.org/10.4236/ajps.2016.77106
https://www.researchgate.net/profile/Hayilu-Gichile?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24ifX0
http://dx.doi.org/10.20431/2454-6224.0802002
http://dx.doi.org/10.20431/2454-6224.0802002

g[
Hayxoeo-mexniunuii broremens Incmumymy meapunnuumea HAAH, 2025, Ne133 F=5

Guo, F., Wang, S., Dong, M., Sun, X., Xu, F., Chen, J., Song, T., & He, B. (2024). Effects
of replacing whole-plant corn silage with sweet sorghum silage in diets on the
slaughter performance and meat quality of beef cattle. Journal of Applied Animal
Research, 52 (1), 1-9. https://doi.org/10.1080/09712119.2024.2425174

Herniwati, H., Pabendon, M., Wicaksono, K., Waluyo, B., & Widaryanto, E. (2024).
Estimation of genetic diversity of sweet sorghum (Sorghum bicolor (L.) Moench)
genotypes as a bioethanol source using SSRs markers. Czech J. Genet. Plant
Breed, 60 (2), 86-96. https://doi.org/10.17221/79/2023-CIGPB

Hossain, S., Nahidul Islam, Md., Mamunur Rahman, Md., Golam Mostofa, Md. & Arifur
Rahman Khan, Md. (2022). Sorghum: A prospective crop for climatic
vulnerability, food and nutritional security. Journal of Agriculture and Food
Research, 8, 1-9. https://doi.org/10.1016/j.jafr.2022.100300

Jabbari, H., Tabatabaei, S., Kordnejad, E., Modarresi, M., & Tabeidian, S. A. (2011).
Effect of dietary corn silage replacement with sorghum silage on performance and
feed cost of growing steers. Online Journal of Animal and Feed Research, 1 (1),
14-21. Available at:
https://www.ojafr.ir/main/attachments/article/54/OJAFR,%20A03.pdf

Jiao, J., Wang, T., Li, S., Gou, N., Degen, A., Long, R., Wang, H., & Shang, Z. (2022).
Effects of supplementing sweet sorghum with grapeseeds on carcass parameters,
and meat quality, amino acid, and fatty acid composition of lambs. Animal
Bioscience, 36 (3), 461-470. https://doi.org/10.5713/ab.22.0189

Khoddami, A., Messina, V., Venkata, K., Farahnaky, A., Blanchard, C., & Roberts, T.
(2023). Sorghum in foods: Functionality and potential in innovative products.
Critical Reviews in Food Science and Nutrition, 63 (9), 1170-1186.
https://doi.org/10.1080/10408398.2021.1960793

Kondratiuk, S. (2018). Sorho — kultura maibutnoho [Sorghum - the crop of the future].
Ahronom. Available at: https://www.agronom.com.ua/sorgo-kultura-
budushhego/ (in Ukrainian)

Lee, S., Fu, F., Liao, C., Bayable, D., Adeyanju, A., Ejeta, G., Lisch, D., & Broad, T.
(2022). Spectrum fungal resistance in sorghum is conferred through the complex
regulation of an immune receptor gene embedded in a natural antisense transcript.
The Plant Cell, 34 (5), 1641-1665. https://doi.org/10.1093/plcell/koab305

Leite ,P., Botelho, T., Ribeiro, P., Schaffert, R., Parrella, R., & Rodrigues, J. (2020).
Intrapopulation recurrent selection in sweet sorghum for improving sugar yield.
Industrial Crops and Products, 8, 1-16.
https://doi.org/10.1016/j.indcrop.2019.111910

Li, S., Zhang, J., Bai ,Y., Degen, A., W, T., Shang, Z., Ding, L., & Long, R. (2020).
Sorghum silage substituted for corn silage in diets for dairy cows: Effects on feed
intake, milk yield and quality, and serum metabolites. Applied Animal Science, 36
(2), 228-236. https://doi.org/10.15232/aas.2019-01923

Lv, X,, Chen, L., Zhou ,C., Zhang, G., Xie, J., Kang, J., Tan, Z., Tang, S., Kong, Z., Liu,
Z.,& Du, Z. (2023). Application of different proportions of sweet sorghum silage
as a substitute for corn silage in dairy cows. Food Science & Nutrition, 11, 3575—
3587. https://doi.org/10.1002/fsn3.3347

McGinnis, M. J., & Painter, J. E. (2020). Sorghum: History, Use, and Health Benefits.
Nutrition Today, 55 (1), 8-44. https://doi.org/10.1097/NT.0000000000000391

Ochieng, B., Owino, W., Kinyuru, J., Mburu, J., &. Gicheha, M. (2020). Effect of low
tannin sorghum based feeds on broiler meat nutritional quality. Journal of
Agriculture and Food Research, 2, 1-7.
https://doi.org/10.1016/j.jafr.2020.100078

131


https://www.tandfonline.com/author/Guo%2C+Fangzhu
https://www.tandfonline.com/author/Wang%2C+Shuyang
https://www.tandfonline.com/author/Dong%2C+Miaoyin
https://www.tandfonline.com/author/Sun%2C+Xisi
https://www.tandfonline.com/author/Xu%2C+Fuqiang
https://www.tandfonline.com/author/Chen%2C+Jihong
https://doi.org/10.1080/09712119.2024.2425174
../../../../../../../../../Downloads/Czech%20J.%20Genet.%20Plant%20Breed,%2060%20(2)
../../../../../../../../../Downloads/Czech%20J.%20Genet.%20Plant%20Breed,%2060%20(2)
https://www.sciencedirect.com/journal/journal-of-agriculture-and-food-research
https://www.sciencedirect.com/journal/journal-of-agriculture-and-food-research
../../../../../../../../../../user/Desktop/сорговіе/8
https://doi.org/10.1016/j.jafr.2022.100300
https://www.semanticscholar.org/author/H.-Jabbari/145989925
https://www.semanticscholar.org/author/E.-Kordnejad/87680743
https://www.semanticscholar.org/author/M.-Modarresi/83420180
https://pubmed.ncbi.nlm.nih.gov/?term=%22Jiao%20J%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Wang%20T%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Li%20S%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Gou%20N%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Degen%20AA%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Long%20R%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Wang%20H%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Shang%20Z%22%5BAuthor%5D
https://doi.org/10.5713/ab.22.0189
https://www.agronom.com.ua/sorgo-kultura-budushhego/
https://www.agronom.com.ua/sorgo-kultura-budushhego/
https://www.researchgate.net/profile/Sanghun-Lee-13?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoic2NpZW50aWZpY0NvbnRyaWJ1dGlvbnMifX0
https://www.researchgate.net/profile/Fuyou-Fu-2?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoic2NpZW50aWZpY0NvbnRyaWJ1dGlvbnMifX0
https://www.researchgate.net/profile/Chao-Jan-Liao
https://www.researchgate.net/profile/Demeke-Bayable-3?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoic2NpZW50aWZpY0NvbnRyaWJ1dGlvbnMifX0
https://www.researchgate.net/profile/Adedayo-Adeyanju?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoic2NpZW50aWZpY0NvbnRyaWJ1dGlvbnMifX0
https://www.researchgate.net/scientific-contributions/Gebisa-Ejeta-14152228
https://www.researchgate.net/scientific-contributions/Damon-Lisch-2138867246
https://www.researchgate.net/profile/Tesfaye-Mengiste?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoic2NpZW50aWZpY0NvbnRyaWJ1dGlvbnMifX0
https://www.researchgate.net/journal/The-Plant-Cell-1532-298X?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoic2NpZW50aWZpY0NvbnRyaWJ1dGlvbnMifX0
http://dx.doi.org/10.1093/plcell/koab305
https://www.sciencedirect.com/journal/industrial-crops-and-products
../../../../../../../../../Downloads/8,
https://doi.org/10.1016/j.indcrop.2019.111910
https://www.researchgate.net/scientific-contributions/SS-Li-2172951574
https://www.researchgate.net/scientific-contributions/JJ-Zhang-2115727201
https://www.researchgate.net/profile/Yan-Bai-18?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/A-Degen
https://www.researchgate.net/scientific-contributions/T-Wang-2172959336
https://www.researchgate.net/profile/Zhanhuan-Shang
https://www.researchgate.net/scientific-contributions/LM-Ding-82297632
https://www.researchgate.net/profile/Ruijun-Long-2?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/Applied-Animal-Science-2590-2865?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
http://dx.doi.org/10.15232/aas.2019-01923
https://onlinelibrary.wiley.com/authored-by/Lv/Xiaokang
https://onlinelibrary.wiley.com/authored-by/Chen/Liang
https://onlinelibrary.wiley.com/authored-by/Zhou/Chuanshe
https://onlinelibrary.wiley.com/authored-by/Zhang/Guijie
https://onlinelibrary.wiley.com/authored-by/Xie/Jingjing
https://onlinelibrary.wiley.com/authored-by/Kang/Jinhe
https://onlinelibrary.wiley.com/authored-by/Tan/Zhiliang
https://onlinelibrary.wiley.com/authored-by/Tang/Shaoxun
https://onlinelibrary.wiley.com/authored-by/Kong/Zhiwei
https://onlinelibrary.wiley.com/authored-by/Liu/Zixin
https://onlinelibrary.wiley.com/authored-by/Du/Zhiyan
../../../../../../../../../Downloads/Food%20Science%20&%20Nutrition
https://doi.org/10.1002/fsn3.3347
https://www.researchgate.net/scientific-contributions/Margaret-J-McGinnis-2169947815?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24ifX0
https://www.researchgate.net/profile/James-Painter-2
https://www.researchgate.net/journal/Nutrition-Today-1538-9839?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24ifX0
http://dx.doi.org/10.1097/NT.0000000000000391
https://www.sciencedirect.com/journal/journal-of-agriculture-and-food-research
https://www.sciencedirect.com/journal/journal-of-agriculture-and-food-research
../../../../../../../../../Downloads/2
https://doi.org/10.1016/j.jafr.2020.100078

f
gj Scientific and Technical Bulletin of Livestock farming institute of NAAS, 2025, Is. 133

Ozturk, I. (2018). Solo dlia sorho, abo chomu ahrovyrobnyky obyraiut tsiu kulturu [Solo
for sorghum, or why farmers choose this crop]. Agravery. Available at:
https://agravery.com/uk/posts/author/show?slug=solo-dla-sorgo-abo-comu-
agrovirobniki-obiraut-cu-kulturu (in Ukrainian)

Pimentel, J., Lana, R., Oliveira, A., Teixeira, R., & Abreu, D. (2013). Dairy cows feeding
with sorghum silage supplemented with concentrate. Pesquisa Agropecudria
Tropical, 43 (3), 255-261. https://doi.org/10.1590/S1983-40632013000300013

Pravdyva, L. A., Hanzhenko, O. M., & Honcharuk, H. S. (2023). Productivity of sorghum
[Sorghum bicolor (L.) Moench] and soryz (S. orysoidum) depending on methods
of weed control. Plant Varieties Studying and Protection, 19 (3), 176-184.
https://doi.org/10.21498/2518-1017.19.3.2023.287641

Pujiharti, Y., Paturohman, E., & Ikhwani. (2022). Prospect of sorghum development as
corn substitution in Indonesia. IOP Conf. Series: Earth and Environmental
Science, 978, 1-6, 012019. https://doi.org/10.1088/1755-1315/978/1/012019

Rakshit, S., Hariprasanna, K., Gomashe, S. S., Ganapathy, K .N., Das, I. K., Ramana, O.
V., Dhandapani, A., & Patil, J. V. (2014). Changes in area, yield gains, and yield
stability of sorghum in major sorghum-producing countries, 1970 to 2009. Crop
Science, 54 (4), 1570-1584. https://doi.org/10.2135/cropsci2012.12.0697

Risyahadi, S., Martin, R., Qomariyah, N., Suryahadi, S., Sukria, H., & Jayanegara, A.
(2023). Effects of dietary extrusion on rumen fermentation, nutrient digestibility,
performance and milk composition of dairy cattle: a meta-analysis. Animal
Bioscience, 36 (10), 1546-1557. https://doi.org/10.5713/ab.23.0012

Ronda, V., Aruna, C., Visarada, K., B., & Bhat, V. (2019). Chapter 14 — Sorghum for
Animal Feed. Breeding Sorghum for Diverse End Uses, 229-238.
https://doi.org/10.1016/B978-0-08-101879-8.00014-0

Smith, C. W. & Frederiksen, R. A. (2000). Sorghum Origin, History, Technology and
Production. New York, NY: John Wiley & Sons. Available at:
https://www.wiley.com/en-
us/Sorghum%3A+0rigin%2C+History%2C+Technology%2C+and+Production-
p-9780471242376

Sotak, K. M., Houser, T. A., Goodband, R. D., Tokach, M. D., Dritz, S. S., DeRouchey,
J. M., Goehring, B. L., Skaar, G. R., & Nelssen, J. L. (2015). The effects of feeding
sorghum dried distillers grains with solubles on finishing pig growth performance,
carcass characteristics, and fat quality. Journal of Animal Science, 93 (6), 2904—
2915. https://doi.org/10.2527/jas.2014-8022

Suszkiw, J. (2023). Strengthening Sorghum Against a Worldwide Fungal Threat.
Agricultural Research Service U.S. DEPARTMENT OF AGRICULTURE.
Available at: https://www.ars.usda.gov/news-events/news/research-
news/2023/strengthening-sorghum-against-a-worldwide-fungal-threat/

Szabtowska, E., & Tanska, M. (2021). Acorn flour properties depending on the
production method and laboratory baking test results: A review. Comprehensive
Reviews in Food Science and Food Safety, 20 (1), 980-1008.
https://doi.org/10.1111/1541-4337.12683

Thomas, L. L., Espinosa, C. D., Goodband, R. D., Stein, H. H., Tokach, M. D., Dritz, S.
S., Woodworth, J. C., & DeRouchey, J. M. (2020). Nutritional evaluation of
different varieties of sorghum and the effects on nursery pig growth performance.
Journal of Animal Science, 98 (5), skaal20. https://doi.org/10.1093/jas/skaal20

Trevifio-Salinas, M., Perales-Torres, A., Castillo-Ruiz, O., Montes-Garcia, N., Lizarazo-
Ortega, C., Navarro-Cortez, R., & RodriguezCastillejos, G. (2021). Proximal
analysis and profile of fatty acids on six varieties of white grain sorghum with

132


https://agravery.com/uk/posts/author/show?slug=solo-dla-sorgo-abo-comu-agrovirobniki-obiraut-cu-kulturu
https://agravery.com/uk/posts/author/show?slug=solo-dla-sorgo-abo-comu-agrovirobniki-obiraut-cu-kulturu
https://www.researchgate.net/profile/Joabe-Pimentel?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Rogerio-Lana?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Andre-Oliveira-13?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Rafael-Teixeira-10?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Daniel-Abreu-2?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/Pesquisa-Agropecuaria-Tropical-1983-4063?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/Pesquisa-Agropecuaria-Tropical-1983-4063?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
http://dx.doi.org/10.1590/S1983-40632013000300013
https://www.researchgate.net/profile/Sujay-Rakshit?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Hariprasanna-K?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Sunil-Gomashe
https://www.researchgate.net/profile/Ganapathy-K-N?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Ik-Das
https://www.researchgate.net/scientific-contributions/Ramana-OV-2050531228?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Appavoo-Dhandapani
https://www.researchgate.net/profile/J-Patil?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi.org/10.2135/cropsci2012.12.0697
https://www.animbiosci.org/articles/search_result.php?term=author&f_name=Sazli%20Tutur&l_name=Risyahadi
https://www.animbiosci.org/articles/search_result.php?term=author&f_name=Rima%20Shidqiyya%20Hidayati&l_name=Martin
https://www.animbiosci.org/articles/search_result.php?term=author&f_name=Novia&l_name=Qomariyah
https://www.animbiosci.org/articles/search_result.php?term=author&f_name=Suryahadi&l_name=Suryahadi
https://www.animbiosci.org/articles/search_result.php?term=author&f_name=Heri%20Ahmad&l_name=Sukria
https://www.animbiosci.org/articles/search_result.php?term=author&f_name=Anuraga&l_name=Jayanegara
https://doi.org/10.5713/ab.23.0012
https://www.sciencedirect.com/book/9780081018798/breeding-sorghum-for-diverse-end-uses
https://doi.org/10.1016/B978-0-08-101879-8.00014-0
https://pubmed.ncbi.nlm.nih.gov/?term=Sotak+KM&cauthor_id=26115277
https://pubmed.ncbi.nlm.nih.gov/?term=Houser+TA&cauthor_id=26115277
https://pubmed.ncbi.nlm.nih.gov/?term=Goodband+RD&cauthor_id=26115277
https://pubmed.ncbi.nlm.nih.gov/?term=Tokach+MD&cauthor_id=26115277
https://pubmed.ncbi.nlm.nih.gov/?term=Dritz+SS&cauthor_id=26115277
https://pubmed.ncbi.nlm.nih.gov/?term=DeRouchey+JM&cauthor_id=26115277
https://pubmed.ncbi.nlm.nih.gov/?term=Goehring+BL&cauthor_id=26115277
https://pubmed.ncbi.nlm.nih.gov/?term=Skaar+GR&cauthor_id=26115277
https://pubmed.ncbi.nlm.nih.gov/?term=Nelssen+JL&cauthor_id=26115277
https://www.ars.usda.gov/
https://www.usda.gov/
https://doi.org/10.1093/jas/skaa120

E[
Hayxoeo-mexniunuii broremens Incmumymy meapunnuumea HAAH, 2025, Ne133 F=5

potential use in human consumption. CyTA - Journal of Food, 19 (1), 547-551.
https://doi.org/10.1080/19476337.2021.1928757

Voitovska, V. I., Storozhyk, L. I, Liubych, V. V., & Yalanskyi, O. V. (2022). Evaluation
of productivity of different varieties of soryz (Sorghum orysoidum). Plant
Varieties Studying and Protection, 18 (1), 50-56. https://doi.org/10.21498/2518-
1017.18.1.2022.257587

Widodo, S., Purwaningsih, H., Budi Pustika, A., Widyayanti, S., Muazam, A., Putri
Hanifa, A., Triastono, J., Sahara, D., Sulistyawati Purwaning Rahayu, H.,
Laksono, P., Fahmi, D. A., Pramono, J. & Rachmiwati, Y. (2024). Sorghum
Productivity and Its Farming Feasibility in Dryland Agriculture: Genotypic and
Planting Distance Insights. Phyton-International Journal of Experimental Botany,
93 (5), 1-15. https://doi.org/10.32604/phyton.2024.048770

Wondimu, Z., Dong, H., Paterson, A., Worku, W., & Bantte, K. (2021). Genetic diversity,
population structure, and selection signature in Ethiopian sorghum [Sorghum
bicolor L. (Moench)] germplasm. G3 Genes|Genomes|Genetics, 11 (6), 1-10.
https://doi.org/10.1093/g3journal/jkab087

Wu, Y., Chang, Y., Kuo, S., Liao, D., Shen, T., Kuo, H., Wang, S., & Tseng, Y. (2023).
The Breeding of Waxy Sorghum Using Traditional Three-Line Method and
Marker-Assisted Selection. Agriculture, 13 (11), 1-14.
https://doi.org/10.3390/agriculture13112054

Yahaghi, M., Liang, J., Balcells, J., Valizadeh, R., Jahromi, M., Alimon, R., & Ho, Y.
(2014). Extrusion of sorghum starch enhances ruminal and intestinal digestibility,
rumen microbial yield and growth in lambs fed on high-concentrate diets. Animal
Feed Science and Technology, 189, 30-40.
https://doi.org/10.1016/j.anifeedsci.2013.12.009

Zhang, S., Wang, J., Lu, S., Shakoor Chaudhry, A., Tarla, D., Khanaki, H., Raja, I., &
Shan, A. (2024). Effects of Sweet and Forge Sorghum Silages Compared to Maize
Silage without Additional Grain Supplement on Lactation Performance and
Digestibility of Lactating Dairy Cows. Animals, 14 (11), 1702.
https://doi.org/10.3390/ani14111702

133


https://doi.org/10.1093/g3journal/jkab087
https://doi.org/10.3390/agriculture13112054
https://www.sciencedirect.com/journal/animal-feed-science-and-technology
https://www.sciencedirect.com/journal/animal-feed-science-and-technology
../../../../../../../../../Downloads/189
https://doi.org/10.1016/j.anifeedsci.2013.12.009
https://doi.org/10.3390/ani14111702

f
gj Scientific and Technical Bulletin of Livestock farming institute of NAAS, 2025, Is. 133

DOI 10.32900/2312-8402-2025-133-134-145
UDC 636:12/13.082:575.857(477)

INFLUENCE OF MORPHOFUNCTIONAL PARAMETERS OF
MARES OF NOVOOLEXANDRIVSKII DRAFT ON THEIR MILK
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The research is devoted to determining the relationship of milk productivity of
mares of the Novoolexandrivskii Draft with their morph functional indicators: torso and
udder measurements. in two independent experiments (in two different farms), the
indicator of milk productivity of mares of the Novoolexandrivskii Draft was studied
depending on morph functional indicators — torso and udder measurements. the highest
level of milk productivity was established in large-type mares by height at the Withers
(150 cm) and chest circumference (190 cm). At the same time, minor correlations were
established between the indicator of milk productivity and height at the withers (r=0.112)
and oblique trunk length (r=0.109). In the second experiment, milk productivity was most
correlated with chest circumference (r=0.280), metacarpal circumference (r=0.245), and
trunk circumference (r=0.232). Body measurements of the studied mares are quite closely
related: height at the withers x circumference of the body (r=0.811), circumference of
the body x circumference of the metacarpus (r=0.573), chest circumference X
circumference of the metacarpus (r=0.559), height at the withers x circumference of the
metacarpus (r=0.520). By determining the development indicators of foals from Mares
of various types, it was established that both foals and mares obtained from large-type
mares prevailed over peers obtained from small-type mares by live weight in the
development periods from birth to 18 months of age.

It was found that large-type mares are also characterized by higher indicators of
udder girth and length, while small-type mares predominated in udder depth. Positive
correlation coefficients of the average bond strength were found between the milk
productivity of mares and udder circumference (r=0.370) and udder length (r=0.301),
with udder depth the bond is weak and negative (r=-0.113). A fairly strong relationship
was found between udder measurements: girth x length (r=0.665), length % depth
(r=0.570), girth x depth (r=0.361). The udder girth index significantly and positively
correlated with the indicators of body structure indices: format (r=0.654), massiveness
(r=0.514), Bony (r=0.391). The udder length index is positively and significantly
correlated with the bony index (r=0.486) and format index (r=0.323).

Keywords: horses (Equus caballus), Novoolexandrivskii Draft, milk
productivity, body measurements, udder parameters.
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Hocnioocenms npucesueni BUZHAYEHHIO 83AEMO38 'A3KI8  MONOUHOL
NPOOYKMUBHOCMI ~ KOOUL ~ HOBOOJNEKCAHOPIBCbKOI  8a20803HOI  nopodu 3 ix
MOphoyHKYiOHATbHUMU — NOKA3HUKAMU: npomipamu mynyoa i eum’a. Y 060x
HE3ANeAHCHUX 00Cnioax (y 080X PI3HUX 20CNO0aApCcmeax) usdanu NOKAZHUK MOJIOYHOL
NPOOYKMUBHOCMI KOOUN HOBOONIEKCAHOPIBCLKOI 68A20803HOI NOPOOU 3ANEHCHO 6i0
MOphopYyHKYIOHATbHUX NOKA3HUKIE — npoMipie mynyda i eum’s. Bcmanosneno suwuil
pigelb MOJOYHOL NPOOYKMUBHOCMI )Y KOOUTL KPYNHO20 MUny 3a eucomoio 6 xoayi (<150
cm) ma obxeamom epyoei (<190 cm). Ilpu ypomy ecmanogneno He3HauHi KOpeaAYIUHI
38 "S3KU MIJIC NOKAZHUKOM MOLOYHOT NPOOYKMueHocmi ma eucomoro 6 xoayi (r=0,112) ma
kocow Oosdxcunoio myryoa (r=0,109). V opyeomy oocnidi nokasmux monouHoi
npooykmueHocmi Haubinvuwe Kopemosas 3 obxsamom epyoeu (r=0,280), obxeamom
n’scmka (r=0,245) ma nasxicnoio oosixcunoro myryoa (r=0,232). Ilpomipu mina
00CNIONCEHUX KOOUL OOCUMb MICHO NO8 S3aAHI MIdC CODO0I0: 8UCOMA 6 XOAYI X HABKICHA
oosdicuna mynyoa (r=0,811), naskicna dosxcuna mynyoa * obxeam n’scmka (r=0,573),
obxeam epyodeil * obxeam n’scmxa (r=0,559), sucoma 6 xonyi * obxeam n’scmxa
(r=0,520). Busnauennsim RNOKA3HUKIE pPO3GUMKY JOWAM 6i0 KOOUN PI3HUX MUnie
B8CMAHOBIEHO, WO 1 JcepeOuuKu i KOOUNKU, 00epHCaHi 8i0 KoOUN KpYnHO20 muny,
nepesadcan pOBeCHUKIB, 00epAHCAHUX BI0 KOOUL OPIOHO20 MUNY 3a HCUBOIO MACOK HO
nepiooax po3suUmky 8i0 HapoOAiceHHs: 00 18-micsauH020 GIKY.

Bcmanosneno, wo koounu KpynHo2o muny Xapaxmepusyromuscs maKolc Uumu
NOKA3HUKAMu 006X6amy i O0BNHCUHU BUM S, 3d 2IUOUHON BUM 'SI Nepesadcanu Koouiu
Opibnozco muny. Buseneni nozumueHi Koeghiyicnmu Kopensayii cepeOHboi Cuiu 36 sa3Ky
MIdIC MONOYHOW NpoOyKmusHicmio kooun ma ooxeamom eum’s (r=0,370) i 0osexcunow0
sum’s (r=0,301), 3 enubunoro eum’s 368’130k caabkuti i Hecamuenuu (r=-0,113). Mixc
npomipamu 6uUM’si 8USIBNIEHO 00CUMb MIYHUL 36'130K: obxeam * dosxcuna (r=0,665),
dosxcuna x enubuna (r=0,570), obxeam * enubdbuna (r=0,361). Ilokasnux obxeamy eum ’si
3HAYHO | NO3UMUBHO KOPeN8das i3 NOKA3HUKAMU iHOeKcie Oyoosu mina: gopmamy
(r=0,654), macusnocmi (r=0,514), kocmucmocmi (v=0,391). Ilokasznux 0oexcunu 6UM 5
NO3UMUBHO 1 3HAYHO KOpente 3 IiHOekcamu kocmucmocmi (r=0,486) i ¢hopmamy
(r=0,323).

Kawuosi ciaoBa: woni (Equus caballus), HoBoosekcanapiBchka BaroBo3Ha
Mopo/ia, MOJIOYHA MPOAYKTUBHICTh, IPOMIPH TijIa, TApaMEeTPH BUM .
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Introduction. Horses have long not played the role of the main labor force in
agricultural production, although cattle (DAP) is recognized as one of the 14 renewable
energy sources selected by the UN Conference on new and renewable energy, held in
Nairobi in 1981 (Spugnoli P. & Dainelli R., 2012). According to the food and Agriculture
Organization of the United Nations FAO (Elcio P. et all., 2007; Miraglia N., 2015), about
300 million people are used in the world. working animals (horses, donkeys, mules, cows,
camels) that provide life support for 300-600 million people., especially in poor regions
where working animal energy is an important energy resource (Asmare B. & Yayeh Z.,
2017; Burn C.C. et all., 2010; Miraglia N. et all, 2020; Romaniuk K. et all, 2019).

Horses of heavy breeds originate from large fighting horses of the Middle Ages,
whose task was to carry soldiers in metal armor, while they themselves had metal
protection from Spears and arrows of opponents (https://www.horsejournals). In the
future, heavy horses were used to move cannons and other combat weapons and cargo,
as well as used in agricultural work (Stephens T.D. & Splan R.K., 2013). As the
agricultural implements became heavier and the amount of work increased at the same
time, the horses needed to get bigger and stronger. Heavy horse breeding reached a special
heyday in the late X1X — early XX centuries with the development of industry and
transport. Horses were used for logging, mining, railway construction, roads, etc., as well
as for transporting metro cars and horse-drawn trams. In the first World War, heavy
horses were indispensable tools for transporting artillery and ammunition. Historically,
the use of horses as productive animals has been proven since their domestication by
primitive humans (Langlois B., 2011).

With the development of mechanical engineering, the need for heavy horses
almost disappeared and because of this, many breeds of horses with a unique genotype
(Hudson R.S. & Cole C.L., 1939). However, in many countries, local breeds of heavy
trucks are part of the traditions and are preserved at the level of national heritage. Thus,
the following breeds are preserved horses: Arden, Belgian, Clydesdale, Shire, Percheron,
Breton, Suffolk, etc. A good example is the Clydesdale Outpost program, which aims to
preserve the Clydesdale horse breed, its unique characteristics and genetic originality
(https://www.clydesdaleoutpost). Draft horses are used in the production of organic
agricultural products, for recreational purposes, equestrian tourism, logging and other
works where the use of equipment is impossible or impractical. Some ethnoreligious
communities (Mennonites, Amish, etc.) abandon modern intensive technologies and use
horse-drawn harnesses in everyday life. Original breeds of heavy horses are used in
cultural and traditional events in many countries (https://www.horsejournals).

Noteworthy are the productive breeds of Asian horses, which are often direct
descendants of relict horses tamed by nomadic tribes, and are characterized by high
adaptability to the harsh conditions of year-round herd maintenance. These are Kazakh
horses of the Jabe type, the Aday branch of Kazakh horses, the Kabinsky meat type of the
Kazakh horse, the Kushum and mugalzhar breeds (Iskhan K. Zh. et all., 2019; Pabat V.O.
& Goncharenko 1.V., 2019; Sansyzbaev et all., 2024; Turabaev, 2015).

Original breeds of heavy horses are used in cultural and traditional events in many
countries: various shows, folk festivals, competitions, cargo transportation
championships, tourism, historical reconstructions (Sawers L., 2003; Rzeke¢ A. et all.,
2020). In addition, heavy breeds have become the genetic basis of many modern sports
horse breeds (Asmare B. & Yayeh Z., 2017; Edmonds J. L., 1940; Garre A., 2022).

Ukraine is the originator country of a unique heavy-duty breed -
Novoolexandrivskii Draft, created by the efforts of domestic scientists and breeders. The
best heavy breeds of Europe appeared in Ukrainian farms in the 1860s and 1880s with
the development of Agriculture and industry. On the genetic basis of Belgian Ardennes
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and Brabansons, French Percherons, Scottish Clydesdales and local horses well adapted
to the climatic conditions of Ukraine, for more than a century, the new Alexander heavy
breed (recognized in 1998) (Liutykh S.V., 2002; Program, 2014).

The growing popularity of «green» or organic food production gives a new
impetus to the restoration of the popularity of Draft horses (Aguilera E. et all., 2019;
Rzeke¢ A. et all., 2020). The use of Novoolexandrivskii Draft is also not limited to
transport and agricultural use, the breed is successfully used for the production of milk
and koumiss. Mare's milk has a high nutritional value and practically does not contain
allergenic proteins, and therefore can be a raw material for the production of children's
and dietary food products, medicines and cosmetology products (Businesso L. et all.,
2000; Centoducati P., 2012; Jastrzgbska E. et all., 2017; Pieszka M. et all., 2016;
Ranadheera C. S. et all., 2018; Romaniuk K. et all., 2019; Yakunin A. V. et all., 2017). It
Is worth noting that in developed economies, the production of mare’s milk on organic
farms is one of the most promising areas of animal husbandry. This production is highly
profitable, does not require significant expenditures of funds, energy and human
resources, and is safe for the environment, because it involves organic, natural animal
husbandry. The high identity of the chemical composition of mare’s milk to female milk
gives grounds for its widespread use in baby food, both complementary feeding of infants
on artificial nutrition and the production of dairy products with prebiotic qualities for
children of all age groups (Pieszka M. et all., 2016; Romaniuk K. et all., 2019; Yakunin
A. V.etall, 2017). In Finland, Germany, and Kazakhstan, mare's milk has been widely
studied in pediatrics, and technologies for its processing and long-term storage have been
developed. So, in Germany (TM «Saumalmilk», TM «Zollmann», GmbH & Co
Kazakhstan (Kazakh Academy of nutrition) uses sublimation technology, which makes it
possible to obtain powdered milk of mares, which corresponds to 99% of its fresh
counterpart. The best example of profitable productive horse breeding can be considered
the farm «Kurgestiit Hoher Odenwald» in Germany, where 400 mares (such as a small
heavy truck) are kept on 450 hectares of land, there is a deep freezing shop and a milk
sublimation shop for the production of koumiss, other bio-products and cosmetics
(https://www.demeter-bw). The technology of obtaining powdered milk allows you to
sell bio-koumiss from this farm under its own trademark «Zollmanny throughout Europe.
The high profit of this production is evidenced by the fact that the cost of 200 ml of bio-
kumiss is 4.90 euros (https://www.stutenmilch).

In Ukraine, an interesting example of popularizing productive horse breeding is
the company «Dendoff Agro Family», which in the Tetiivskii District of the Kiev region
founded the trademark MLK PWR ("Milk Power") for the production of kumiss and other
products from the milk of mares and cows (Balagura B.; 2019).

So, the study of milk productivity of mares is an urgent task in the future
development of the industry and productive horse breeding in particular. Like any
quantitative trait, the milk productivity of mares is formed under the influence of various
factors, determining the strength of which is the task of researchers to predict and improve
productive traits. It is known that the milk productivity of livestock is closely related to
the size of the body and udder (Polupan Yu., 2024). There are few similar data on horses
in our country (Yusyuk T. A., 2017; Yusyuk T. A., Gopka B. M., 2018).

The aim of the work was to determine the milk productivity of mares of the
Novoolexandrivskii Draft Horse in Ukraine, and the impact of body and udder
measurements on it.

Materials and methods. On Mares of the Novoolexandrivskii Draft of Stud
«Lanny» of Donetsk region (n=32) and the Dibrivskii Stud of Poltava region (n=16),
experiments were conducted to study the indicators of milk productivity of mares
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depending on their morph functional parameters (body and udder measurements). For the
experiment, healthy mares were selected that safely gave birth to healthy foals. Control
milking operations were carried out using DDU-2 portable milking machines during the
milking season of mares for kumiss production (May-September). Mares were milked
three times during the day with an interval of 2 hours, the duration of milking is up to 2
minutes. During milking, the foals were in the milking parlor in a separate close visibility
of the mares, which contributed to the milk return reflex and the nervous balance of the
mares and foals. Foals on the day of control milking received the required amount of milk
through artificial drinking, which did not affect their condition. After each milking, the
amount of milk in the bucket was measured, and the total daily milk yield was determined
as the sum of all milks per day. Milk productivity was determined based on the results of
control milks for the entire milking season. The relationship of milk productivity of mares
with body measurements and udder parameters was established. Body measurements
were determined — height at the withers and circumferential length of the body — with a
measuring stick, chest circumference and metacarpal circumference — with a measuring
tape. Based on the obtained indicators, the indices of body structure were calculated:
format and massiveness. Udder parameters (girth, length, depth) were measured with a
measuring tape. The relationships between the studied indicators were determined by
calculating the correlation coefficient (r).

Indicators of the development of foals obtained from large and small mares by
live birth weight and at 1, 3, 6, 9 and 18 months of age were also determined.

All experimental studies were conducted in accordance with modern
methodological approaches, requirements and standards (DSTU ISO/IEC 17025:2019,
2021), directive 2010/63/EC (2010), the procedure for conducting animal testing in
research institutions (Law of Ukraine No. 249, 2012) and in accordance with the
provisions of the European Convention for the protection of vertebrates used for
experimental and other scientific purposes (Strasbourg, 1985).

Research results. The first experiment to study the indicator of milk productivity
of mares of the Novoolexandrivskii Draft depending on morph functional indicators was
conducted in Stud «Lanny of the Donetsk region (n=32). Control milking was performed
during the main lactation season in May-September. According to measurements, mares
were divided into gradations according to height at the withers: Group I—small (150 cm),
Group II — large (150 cm) and chest circumference — group | — small (190 cm), Group 11
— large (190 cm).

Indicators of milk productivity of mares of various types: small (group I) and large
(group 1) are shown in Table 1.

A higher level of milk productivity was established in mares of large type and
with a higher live weight. At the same time, the analysis of correlation coefficients did
not establish a significant relationship between the studied indicators. The highest
relationship was found between milk productivity and height (r=0.112) and oblique trunk
length (r=0.109). Higher ligaments were established between body measurements: height
x circumference of the trunk (r=0.811), circumference of the trunk x circumference of
the metacarpus (r=0.573), chest circumference X circumference of the metacarpus
(r=0.559), height x circumference of the metacarpus (r=0.520).
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Table 1
Indicators of measurements, live weight and milk productivity of experimental

Body measurements, cm
D (@)) >-\
) ~ x
Groups of mares - & = & 3
by body - 5 & o =) S
c c E o] [ ©
measurement =) 2 5 o = o
(&)
we (Bl g B F : g
o] - = — =
D 2 b=
2 S
o
| Mem 146,9 | 156,5 | 188,8 21,17 660,9 684,0
(n=20) +0,51 | £0,93 | +1,77 +0,19 +6,20 +66,8
B Cv, % 1,21 2,05 3,25 3,08 3,25 33,8
I M 1544 | 162,8 | 192,1 21,70 673,9 761,0
(n=12) m +0,51 | £0,70 | +1,84 +0,13 +6,29 +72,7
B Cv, % 1,46 1,93 4,28 2,63 4,17 42,7
Toaether | M<m 151,9 | 160,4 | 190,9 21,5 669,1 732,1
(3_32) +0,75 | £0,78 | +1,34 +0,11 14,64 +51,6
B Cv, % 2,78 2,74 3,97 3,01 3,93 39,9

Indicators of the development of foals obtained from mares of various types are
established (table 2). Both stallions and mares obtained from large-type mares
outnumbered peers obtained from small-type mares in live weight at all developmental

periods.

Dynamics of development of foals obtained from mares of various types

Table 2

Age, Type of mares
month _Group I (Small)_ _ _Group I (Iarge)_ _
Stallions Fillies Stallions Fillies
o [ | | M LWL e u | e L
10,138 1,46 10,132 2,63 i’(),58 2,48 16,61 2,14
1 ﬂZ(if6 2,54 i707683 2,56 ?16;: 2,08 72’14;;* 2,22
s | 290 aw | 25 o | MBI sa | S0 o
o | 20 Lo | 252 [ome | 20 o] 4 | o
o | 2 [an | e ane| B A o
o | T Lo | 58 [am | B [om] B3 |om

Note: * - p<0.05; * * - p<0.01; * * * - p<0.001
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In order to verify the obtained data, a study was conducted on Mares of the
Dibrivskii Stud (n=16). In addition to indicators of milk productivity and body
measurements, udder measurements (centimeters) are determined: girth, length, depth.

Indicators of milk productivity of mares of various types: small (group I) and large
(group 1) are shown in Table 3.

Table 3
Indicators of body measurements and body structure indices of mares of the
Novoolexandrivskii Draft Horse

Body measurements, cm Body structure

indices, % _
@ 2
Groups of 2 < =
mares by < o = 2 = S
body = > | € | | 8| 8| E| s
measurement | 2 L 3 e | E | 2| 3T S
type < -§‘ = 8 | & 3 S X
& 2 | B e | = =
2 S
o
Mim 148,1 | 156,7 | 191,9 | 21,6 |105,8|129,5| 14,6 | 2761,0
I +0,34 | £0,78 | £2,41 | £0,34|+0,68 | +1,59| +0,21 | £280,0
(n=7)

Cv,%| 0,61 131 | 332 | 416 | 1,69 | 3,27 | 3,76 | 26,83
152,2 | 159,7 | 193,4 | 22,1 | 104,9|130,4| 145 | 2872,7
+0,94 | +£1,55 | #£2,53 [+0,29|+0,72|+3,73| £0,17 | £191,26
Cv,%| 1,85 290 | 392 | 388 | 205|859 | 344 | 1997

Mm 150,4 | 158,4 | 192,8 |21,91|105,3|130,0| 14,6 | 2761,3
Together +0,75 | 40,98 | £1,72 | +£0,22|+0,49 | +2,15| +0,13 | +161,77

(n=16) Cv,%| 1,99 248 | 3,58 | 402 | 1,89 | 6,63 | 3,47 | 23,43

I | MEm
(n=9)

The milk productivity of the studied mares for 150 days of lactation averaged
2448.81+163.6 kg of milk with limits lim=1603-3792 kg. The height of the studied mares
averaged 150.4+0.75 cm, which means that horses of the Novoolexandrivskii Draft Horse
belong to small heavy horses close to the Ardennes. The circumferential length of the
body — 158.4+0.98 cm — significantly exceeds the height at the Withers, which indicates
a distinct harness type. Average chest circumference (192.8£1.72 cm) and metacarpal
circumference (21.9+£0.22 c¢m) indicate the desired massiveness and bony nature of the
studied mares. Udder parameters averaged: girth-65.6+1.25 cm, length — 19.7+0.44 cm,
depth — 18.4+0.33 cm.

It was found that mares whose height exceeded 150 cm (large type) were
characterized by significantly higher milk yield during lactation than smaller mares (by
111.7 liters, p<0.01), which confirms the data obtained in the first experiment. It was
found that the indicator of milk productivity of mares of the Novoolexandrivskii Draft
Horse with different strength and value is reliably (P<0.05) associated with body
measurements: height (r=0.511), body circumference (r=-0.033), chest circumference
(r=0.200), metacarpal circumference (r=0.130) (table 4).
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Table 4
Correlations between milk production, body measurements, and udder
measurements
2 @
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Udder
0,370

circumference
Udder length |0,301| 0,665

Udder depth |-0,113 0,361 0,570

Height at the
withers

Body
circumference
Chest
circumference
Metacarpal
circumference
Format index |0,175| 0,654 0,323| 0,157|-0,190/ 0,612 | 0,503 | 0,311

Massiveness
index

Bone  dirth
index

0,132|-0,175|-0,126| 0,140

0,232|0,352|0,145| 0,232 0,661

0,280| 0,228 0,310 0,224 | 0,465| 0,761

0,245|0,263|0,371| 0,557 0,486 0,628 | 0,688

0,096 0,514 0,245 0,449 -0,006| 0,420 | 0,434 | 0,510 |0,556

0,194|0,391| 0,486 | 0,545|-0,010| 0,343 | 0,515 | 0,868 |0,461(0,570

It was found that large-type mares are also characterized by higher indicators of
udder girth and length, while small-type mares predominated in udder depth (table 5).

It is proved that the milk productivity of the studied Mares of the
Novoolexandrivskii Draft Horse is related to the measurements of their udder. positive
correlation coefficients of the average strength of the relationship between the milk
productivity of mares and the udder circumference (r=0.370) and the udder length
(r=0.301) were revealed, with the udder depth the relationship is weak and negative (r=-
0.113). A fairly strong relationship was found between udder measurements: girth x
length (r=0.665), length x depth (r=0.570), girth x depth (r=0.361).

The udder girth index significantly and positively correlates with the indicators of
body structure indices: format (r=0.654), massiveness (r=0.514), Bony (r=0.391). The
udder length index is positively and significantly correlated with the bony index (r=0.486)
and format index (r=0.323).

The milk productivity of mares of different breeds is poorly understood, however,
this indicator is important in terms of the development of the market for organic food,
medicines and cosmetics.
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Table 5
Indicators of udder measurements and milk productivity of mares of the
novoaleksandrovskaya heavy-duty breed

Groups of mares Udder measurement, cm Milk productivity,
by type girth length depth L
| M+m 65,22+1,71 19,44+0,41 | 18,56+0,52 2761,0+£280,0
(N=7) | cv, % 7,85 6,36 8,46 26,83
I M+m 66,14+1,98 | 20,00+0,87 | 18,14+0,39 2872,7+191,26
(0=9) | cv, % 7,93 11,55 5,67 19,97
Together M=+m 65,63+1,26 19,69+0,44 | 18,38+0,33 2761,3+161,77
("=16) | cv,% | 26,65 8,84 7,27 23,43

Discussion. According to the results of our research, the influence of morph
functional parameters of mares of the Novoolexandrivskii Draft Horse on their milk
productivity is proved.

Studies of the level of milk productivity of mares of large type (height 150 cm and
above and chest circumference 190 cm and above) and small type (height at the withers
less than 150 cm and chest circumference less than 190 cm) have established an advantage
in terms of milk yield for lactation of large mares (by 111.7 |, p<0.01). At the same time,
low positive correlations were established between the indicator of milk productivity and
height at the withers (r=0.112) and oblique trunk length (r=0.109). Body measurements
of dairy mares significantly correlate with each other: height at the withers X
circumference of the body (r=0.811), circumference of the body x circumference of the
metacarpus (r=0.573), chest circumference x circumference of the metacarpus (r=0.559),
height at the withers x circumference of the metacarpus (r=0.520).

It should be noted that foals of both sexes obtained from large mares were also
larger from birth to 18 months of age. The obtained data coincide with the research of T.
A. Yusyuk (Yusyuk T. A., 2017) relatively high correlation rates between foal size and
their mothers ' milk productivity (r=0.79, p<0.05).

Positive correlation coefficients of the average bond strength were found between
the milk productivity of mares and udder circumference (r=0.370) and udder length
(r=0.301), with udder depth the bond is weak and negative (r=-0.113). A fairly strong
relationship was found between udder measurements: girth x length (r=0.665), length x
depth (r=0.570), girth x depth (r=0.361). The udder girth index significantly and
positively correlates with the indicators of body structure indices: format (r=0.654),
massiveness (r=0.514), Bony (r=0.391). The udder length index is positively and
significantly correlated with the bony index (r=0.486) and format index (r=0.323).

In most European countries, environmental issues are not yet considered
important enough for stakeholders environmental issues are not yet considered important
enough for horse breeding stakeholders. However, thanks to their "green" assets, horses
can play an active role in the environmental transition and debate, both independently and
as a supplement both independently and as an addition to other economic Productions and
services (Rzekg¢ A. et all., 2020), which is the Economic key to preserving horses of local
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populations. In this context, one of the most promising areas of horse use is the production
of hypoallergenic mare's milk and processed products.

Conclusions. A higher level of milk productivity was established in mares of the
novoaleksandrovskaya heavy-duty breed of large type (height at the withers 150 cm, chest
circumference 190 cm) with a low level of correlation (r=0.112 with height at the withers,
r=0.109 with the circumferential length of the body). Foals of both sexes obtained from
large mares outnumbered peers obtained from small mares by live weight at all
developmental periods (from birth to 18 months of age).

The influence of udder parameters on the indicator of milk productivity of mares
is proved. Positive correlation coefficients of the average strength of the relationship
between the milk productivity of mares and udder circumference (r=0.370) and udder
length (r=0.301) were found.

Expanding the range of use of horses of heavy breeds as productive animals that
produce hypoallergenic dietary milk is an economic guarantee for the preservation of
horses of local populations.
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Increasing the gross yield of chickpea seeds as a source of highly nutritious
vegetable protein is one of the important aspects of ensuring national food security and
nutrition of the population. The experiment to determine the effect of biological product
based on nitrogen-fixing microorganisms, different doses of NPK, boron-containing
fertilizer and their combinations on the formation of chickpea productivity was conducted
in field conditions of a two-factor experiment in the conditions of the state enterprise
“Experimental farm “Stepne” of the Institute of Pig Breeding and Agricultural Research
of the NAAS” during 2023—2024. The results of the study showed that improving the
nutritional regime of chickpea plants by inoculating seeds with a microbiological
preparation based on nitrogen-fixing microorganisms, applying different doses of mineral
fertilizers, foliar application of chickpea in the budding phase with microfertilizers and
their combination improved the conditions for the formation of the leaf surface of plants
and contributed to the extension of the duration of the period of its stay in an active state.
Accordingly, the amount of absolutely dry aboveground mass accumulated by plants and
the mass of seeds formed in beans increased. The most effective in this regard was the
complex use of the microbiological preparation Anderiz (3.9 l/t) for pre-sowing
inoculation of seeds and foliar application of crops with microfertilizer SmartGrow Bor-
150 (1.5 l/ha) against the background of NisPsoKso application, which, along with the
highest values of the photosynthetic activity of plants in crops, ensured the yield of
chickpea seeds at the level of 2.56 t/ha.

Keywords: chickpea, seed inoculation, foliar feeding, mineral fertilizers,
photosynthesis, yield.
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IMoaTaBchbKHii AepKaBHUI arpapHUid YHIBepcUTeT

3binvwennsn 6anosux 300pié HACIHHA HYmMYy, SK 0dcepend BUCOKONONCUBHOZO
POCIUHHO20 DIIKA € OOHUM I3 8A2OMUX ACNEKMIB 3a0e3neyeH sl 0epACABHOT NPOO0BOILUOT
be3nexu ma xapyyeanms Hacenenns. [{ocnioxcenns i3 eugueHHs niugy oionpenapamy Ha
OCHO8I azomeixcyouux mikpoopeanizmis, pisnux 003 NPK, 6oposmicnozo 0oopusa ma ix
KOMOIHAYIll Ha (hopMYSaHHs NPOOYKMUBHOCMI HYMY 0V10 NPOBEOEHO ) NOIbOBUX YMOBAX
0soxgaxmoproco  0ocuidy 8 ymoeax Oepoiicagnoz2o  nionpuemcmea  “Jlocinioune
eocnooapcmeo “Cmenne” Incmumymy ceunapcmea i AIIB HAAH” enpooosoc 2023—
2024 pp. Pesynomamamu 00cniodxicenb NOKA3AIU, W0 NOKPAUWAHHS HONCUBHO2O DENCUM)
POCIUH HYMY 3 PAXYHOK NPOBEOEHH s IHOKVAAYII HACIHHA MIKPOOIONO2IUHUM NPEenapamom
Ha OCHOBI a30M@IKCYIOUUX MIKPOOP2AHI3ZMI8, HECEeHHS PI3SHUX 003 MIHepalbHUX 000pus,
NpPOBeOeH s NO3AKOPEeHe8020 NIOdCUusieHHs nocieie uwymy y ¢hasi  oOymouizayii
MIKpOO06oUuBOM ma ix NOEOHAHHS NOKPAWLY A0 YMOBU (DOPMYBAHHS TUCMKOBOI NOBEPXHI
POCIUH MA CRPUSIO NOOOBHCEHHIO MPUBANOCMI nepiody nepedysanHs ii y aKmueHomy
cmani. Bionosiono Kinbkicmv HaKonuyeHoi pociuHamu aOContomHo CyXoi HA03eMHOT
macu ma macu cghopmosanozo y 606ax nHacinua 30invuysanucs. Haubinow epexmuenum
Y yboMy BIOHOWEHHI BUABULOCA KOMNIEKCHe 3ACMOCY8AHHS MIKPOOIONO2IYHO20
npenapamy Anoepiz (3,9 1/m) 0na nepednocienoco IHOKYIIO8AHHS HACIHHA mMa
NO3aKOpeHe8020 NiOHCUBIeHHs NOCigie Mikpooobpusom SmartGrow 6op-150 (1,5 n/2a) na
@oni  enecennss NisPsoKso, wo nopsao i3 Hausuwumu 3HAYEHHAMU NOKAZHUKIB
Gdomocunmemuunoi  OisIbHOCMI  POCIUH Yy NOCiBax 3abe3neduno  OmpUMaHHs
VPOXHCAUHOCMI HACIHHA HYMY HA pieHi 2,56 m/2a.

Kntouoei cnoea: mym, iHOKYII08AHHA HACIHHA, NO3AKOpeHe8e MNiONCUBTEHHS,
MiHepanvbHi 00bpusa, pomocunmes, YpoICauHicMb.

Introduction. In solving the global problem of food security, the expansion of
sown areas and the application of the latest agrotechnological aspects in the cultivation
of leguminous crops as the main source of highly nutritious protein resources are of
strategic importance. It is well known that protein is an important nutritional component
necessary for ensuring vital functions of the body, such as body growth, tissue repair,
strengthening the immune system, as well as regulating chemical and biochemical
processes (Singh P., Krishnaswamy K., 2020; Cakor O. et al., 2019).

In the structure of protein resources used by the population for nutrition, animal
proteins play a significant role (Pasiakos S.M. et al., 2015) However, as shown by the
results of scientific research, the consumption of a significant amount of meat products
causes the emergence and development of diseases of the cardiovascular and digestive
systems, as well as the metabolic system. On the other hand, hidden hunger, caused by an
insufficient amount of microelements in the daily diet, is the root cause of many health
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problems, including growth retardation, underweight and the occurrence of cognitive
disorders (Ibeanu V.N. et al., 2020). In this regard, an important element of the healthy
nutrition system of the population of both developed countries and countries with a low
standard of living can be highly nutritious products, the raw material of which is the seeds
of leguminous crops (Yeremko L. et al., 2023).

A valuable representative of this group of crops is chickpeas, the main biological
characteristics of which are drought resistance, heat resistance and, at the same time,
resistance to the effects of low positive temperatures and short-term frosts (Karalija E. et
al., 2022; Mir A.H. et al., 2021).

Due to the high content of proteins, fiber, mineral elements, as well as vitamins
and biologically active compounds (Wang J. et al., 2021), the consumption of chickpea
seeds normalizes the physiological processes of the human body and can be recognized
as a potential candidate for the classification of "functional foods" to reduce the
occurrence and development of various types of diseases (Begum N. et al., 2023; Jha U.C.
et al., 2024).

Chickpea plants, by creating symbiotic relationships with nodule bacteria of the
genus Mesorhizobium, such as Mesorhizobium ciceri and Mesorhizobium mediter-
raneum and converting or reducing molecular nitrogen from the air to ammonia, can
provide about 70% of the need for this nutrient for metabolic reactions (Yeremko L. et
al., 2024). At the same time, the interaction of plants with microorganisms provides them
with biological control over the development of pathogens, increased resistance to the
effects of adverse biotic and abiotic factors and better phosphorus availability
(Monteoliva M. et al., 2022) due to the solubilization of phosphates (Sridevi M., Mallaiah
K.V, 2009).

In this regard, a promising environmentally safe agrotechnological technique may
be the use of biological preparations based on nitrogen-fixing bacteria for pre-sowing
seed inoculation (O’Callaghan M., 2016). The introduction into the rhizosphere zone
(root system formation) of highly active specific strains of nodule bacteria, which are
characterized by higher competitiveness compared to aboriginal strains in the processes
of infection and nodule formation and, accordingly, can increase the efficiency of legume-
rhizobial symbiosis, and increase plant productivity (Pastor-Bueis R. et al., 2019;
Sanchez-Navarro V. et al., 2020). At the same time, scientists note that despite the fact
that atmospheric nitrogen is an unlimited resource of nitrogen nutrition, its symbiotic
fixation by nodule bacteria usually cannot fully satisfy the plant’s needs for this element.
Thus, nitrogen uptake during legume-rhizobial symbiosis usually does not reach the same
level as the uptake of NOs;— and NH4 + by the root system, provided that they are
sufficiently present in the soil. This phenomenon explains the inhibition of symbiotic
nitrogen fixation by the application of high doses of mineral nitrogen, and plants satisfy
their nitrogen needs by absorbing mineral nitrogen from the soil as non-symbiotic higher
plants (Lepetit M., Brouquisse R., 2023). However, other researchers indicate the need to
apply starting doses of nitrogen until the root system is sufficiently developed and the
proper symbiotic apparatus is formed.

Phosphorus is the second most important element in plant nutrition. It plays a
fundamental role in the regulation of various metabolic and physiological processes
related to energy supply, cell division, DNA synthesis and phospholipid biosynthesis.
This element is involved in the synthesis of sucrose, starch and cellulose and provides
energy for the biosynthesis of phospholipids. Energy-rich phosphates, such as ATP, GTP,
ADP, modulate the activity of enzymes through reverse phosphorylation (Isidra-Arellano
M.S. et al., 2021).

Its sufficient presence in the soil ensures increased tolerance of plants to the effects
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of increased average daily air temperature, drought, waterlogging, soil salinity and
toxicity of heavy metals in it (Hawkesford M.J. et al., 2023).

Phosphorus deficiency, on the contrary, negatively affects the processes of root
system development and plant productivity, which ultimately leads to a decrease in the
number of fruits and their mass (Lambers H., 2022).

Potassium in the plants acts as an activator of more than 60 enzyme systems that
catalyze numerous metabolic reactions. It maintains osmotic pressure and cell turgor,
regulates their cation-anion balance and cytoplasmic pH, controls membrane polarization,
cell expansion and stomatal movement, thus regulating the supply of CO2 and moisture
(Yeremko L. et al., 2024). This nutrient is involved in complex physiological processes
of photosynthesis, synthesis of proteins, sugars and starch and their redistribution
between plant organs.

Potassium is an important element that determines the adaptive capacity of plants
to abiotic stresses and the level of crop quality indicators. In legumes, potassium, as the
most common intracellular cation, plays an important role in the formation of a powerful
root system and its absorption of moisture, the formation of root hairs, which, in turn,
improves nodulation and N fixation (Nakei M.D., 2022). At the same time, its presence
ensures the maintenance of turgor pressure of bacterial cells, pH regulation, gene
expression and activation of cellular enzymes (Dominguez-Ferreras A, 2009).

Microelements play a key role in increasing the yield of legume crops due to their
influence on the physiological processes occurring in plants. They act as co-factors in the
enzymatic system, and also participate in the key physiological processes of
photosynthesis and respiration. These compounds contribute to the stabilization of cell
walls of leguminous plants, membrane integrity, sugar transport and utilization of calcium
and nitrogen (Flores R.A. et al., 2017). In addition, boron is an element that determines
the reproductive ability of plants, due to its positive effect on the processes of pollination
and fertilization and fruit formation. The role of this element is more pronounced during
the reproductive stage of development. Scientists note that its deficiency during this
period leads to pollen sterility and significantly reduces grain yield (Wang N., 2015).

At the same time, scientists note that boron deficiency indirectly affects
photosynthesis by weakening vascular tissues responsible for ion transport (Goldbach
H.E., Wimmer M.A., 2007). Thus, there is an assumption that disturbances in chloroplast
membranes, the stomatal apparatus, the energy gradient across the membrane and
thylakoid electron transport are the main reason for the decrease in photosynthesis under
conditions of boron deficiency (El-FekyS.S. et al., 2012).

Thus, the review of scientific publications indicates the importance of chickpeas
as a source of highly nutritious organic compounds in many areas of human life. Scientists
note that the provision of plants with mineral nutrition elements is a significant factor in
shaping the productivity of this crop. However, at present there is no consensus among
researchers on the need to use mineral nitrogen in chickpea growing technology, and the
level of mineral fertilizer is different for different growing regions. Thus, the scientific
justification of the dose of mineral fertilizer for the Forest-Steppe zone of Ukraine is
currently quite relevant. In this context, we conducted a study, the main goal of which
was to determine the effect of different doses of mineral fertilizers in combination with
the use of a biological preparation based on nitrogen-fixing microorganisms and boron
microfertilizer on the formation of chickpea seed productivity and yield.

The purpose of the research is to determine the effect of different doses of mineral
fertilizers in combination with the use of seed inoculation with a biological preparation
based on nitrogen-fixing bacteria and foliar top dressing of crops with boron-containing
fertilizer, on the formation of chickpea productivity.
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Materials and methods. The study was conducted on the basis of the State
Enterprise "Research Farm "Stepne" of the Institute of Pig Breeding and Agricultural
Research of the NAAS".

The soil of the experimental site is a typical low-humus deep-boiling chernozem.
By mechanical composition, the soil of the experimental site is a heavy loam with a
content of coarse dust - 37-43%, silty particles - 25-38%. Colloidal particles are
distributed in the profile to a small extent.

The value of the specific gravity of the arable soil layer (030 cm) is 2.63 g/cm?,
total porosity — 55.1-59.8%, moisture content of stable wilting — 8.9-9.4%, field moisture
capacity — 29.7-30.5%. According to agrochemical indicators, the soil can be considered
suitable for the purposes of production of agricultural crops available on the farm. Thus,
the humus content in the 0-20 cm horizon is 4.9-5.2%, in the 35-45 cm horizon — 3.72—
4.07%, in the 1.5 m horizon — 0.6-0.7%. In the arable soil layer, the cation absorption
capacity is at the level of 33.0-35.0 mg-eq. per 100 g.

The reaction of the soil solution is slightly acidic, with a pH of saline extract at
6.3. The hydrolytic acidity of the soil is 1.6—1.9 mg-eq. per 100 g of soil. The content of
basic elements in the arable layer of soil is at the level of: easily hydrolyzed nitrogen —
5.44-8.10 mg, (according to Tyurin and Kononova), mobile phosphorus — 10-15 mg
(according to Chirikov), exchangeable potassium — 16-20 mg per 100 g of soil (according
to Maslova).

The initial development of chickpea plants in 2023 took place with moderate air
warming and a sufficient level of moisture reserves in the soil. The average air
temperature in April was 9.8 °C, while the average long-term value of this indicator was
at 9.3 °C. In total, 30.9 mm of precipitation fell during the month. May was characterized
by moderate air temperatures and a rather uneven distribution of precipitation. The bulk
of precipitation fell in the second decade of the month, while the first and third decades
were dry.

Active development of the above-ground part of chickpeas occurred in June,
which was characterized by a higher average daily air temperature by 0.9 °C compared
to the long-term value. The amount of precipitation for the month was 33.8 mm, which is
27.9 mm less than the long-term value. Chickpeas ripened under hot, dry conditions in
July and insufficient moisture supply to plants, which negatively affected the formation
of crop productivity (Table 1).

Table 1
Air temperature and precipitation values for the growing season of 2023

Months

Indicators April May June July | August

Actual average daily air

temperature, °C per month 9.8 150 20,3 24,3 20,0

Average daily temperature, norm

9,3 15,7 19,4 21,2 20,1
per month
Absolute maximum t air, °C
actual 25,8 30,6 33,8 35,3 33,8
norm 22,4 28,0 31,0 33,2 32,7

Precipitation, mm actual per month| 30,9 27,3 34,6 25,2 229

Precipitation, mm multi-year norm 31,2 455 65.2 61.1 42,7
per month

150



El
Hayxoeo-mexniunuii broremens Incmumymy meapunnuumea HAAH, 2025, Ne133 F=5

Weather conditions in 2024 were extremely unfavorable for the growth and
development of plants and the formation of chickpea yields. In general, the growing
season was characterized by a significant deficit of precipitation during the growing
season of agricultural crops and chickpeas in particular. In turn, the air temperature during
the growing season exceeded the average multi-year values to varying degrees. The
combination of the complete absence of precipitation in the third decade of June and in
July and high air temperatures led to a disruption of all physiological processes associated
with the formation of the yield. (Table 2).

Table 2
Air temperature and precipitation values for the growing season of 2024

Months
April May June July | August

91 16,3 23,2 25,2 22,7

Indicators

Actual average daily air
temperature, °C per month
Average daily temperature, norm

9,3 15,7 19,4 21,2 20,1

per month
Absolute maximum t air, °C
actual 26,3 28,6 34,8 39,7 37,2
norm 22,4 28,0 31,0 33,2 32,7
Absolute minimum t air, °C
actual -4,2 3,4 8,1 13,0 12,0
norm -3,7 2,1 6,8 9,9 8,5

Precipitation, mm actual per
month

Precipitation, mm multi-year
norm per month

41,5 38,4 32,8 0,1 0,0

31,2 45,5 65,2 61,1 42,7

The factors studied in the experiment were:

— seed inoculation with a biological preparation based on nodular nitrogen-fixing
bacteria Mesorhizobium ciceri strain MC 285 (Anderiz 3.9 1/t) (factor A);

— mineral fertilizer control (without fertilizers), NisP30K3z0, NisPsoKeo, foliar
application with  SmartGrow  boron-150, Ni5P30K30+SmartGrow  boron-150,
NisPsoKeo+SmartGrow  boron-150.  Fertilization with  SmartGrow  boron-150
microfertilizer at a dose of 1.5 I/ha was carried out in the budding phase (factor B).

The chickpea variety Budzhak was grown in the experiment. The placement of
variants and repetitions was randomized. The repetition of the placement of variants was
fourfold. The sowing and accounting area of the plot was 40 m”. The chickpea growing
technology in the experiment was generally accepted for the Forest-Steppe zone, with the
exception of the studied elements.

During the research, the leaf surface area and dry weight of plants were
determined according to the methods proposed by Z. M. Hrytsaienko and co-authors
(2003), the net productivity of photosynthesis and photosynthetic potential were
calculated according to the formulas proposed by A. A. Nychyporovych (1963). Before
harvesting, sheaf samples were taken to determine the elements of individual plant
productivity (number of beans, number of seeds in one bean, mass of seeds from one
plant, mass of 1000 seeds) (Yeshchenko V. O. et al., 2005).

Research results. Plant productivity is determined as the result of the work of a
holistic system. Thus, photosynthesis provides metabolic processes with carbon and
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energy, on which the entire system relies, but this interaction is not linear, it is determined
by the interrelation of several factors, such as development, structure of plant cover, size
of leaf blades, ratio of source and sink, as well as intensity and productivity of
photosynthesis. Leaf blades are the main organs of photosynthetic activity of plants,
therefore their size is a key parameter of influence on various biological processes, for
example, on plant growth and their reproduction. The development of the leaf surface is
significantly influenced by environmental factors, among which the provision of plants
with mineral nutrition elements plays a significant role.

The obtained research results indicate a positive effect of mineral fertilizer, the
use of a microbiological preparation, microfertilizers, and their combination on the
process of leaf surface formation of chickpea plants (Fig. 1).

2 5 N15P60K60+ SmartGrow boron-150

% § N15P30K30+ SmartGrow boron-150

z g% SmartGrow boron-150

E Tgs Z N15P60K60

§ g N15P30K30

= 8 Control (without fertilizers)
s N15P60K60+ SmartGrow boron-150
& N15P30K30+ SmartGrow boron-150
§ SmartGrow boron-150
§ N15P60K60
£ N15P30K30
=

Control (without fertilizers)
25 26 27 28 29 30 31 32 33 34

Leaf area, thousand m?/ha

Fig. 1. Leaf surface area of chickpea crops in the bean formation phase depending
on seed bacterization and fertilization, thousand m?/ha (2023-2024)

In variants with application Ni1sP30K30, the leaf surface area of chickpea crops
exceeded the control option in the bean formation phase by 2.1 thousand m?*ha. The
application of N1sPsoK4o provided better development of the leaf surface than NisP2sKoo.

Foliar fertilization of crops with boron contributed to an increase in the leaf
surface of chickpea crops compared to the control by 1.0-3.8 thousand m?/ha depending
on the fertilization background. It should be noted that the values of this indicator
increased as the plants' supply of mineral nutrition elements improved. Pre-sowing seed
inoculation turned out to be less effective. This is indicated by the smaller values of the
leaf surface area compared to the application of boron in the budding phase.

The combination of seed inoculation and foliar application of plants with boron-
containing fertilizer contributed to an increase in the leaf surface area of chickpea crops
in the bean formation phase, depending on the NPK dose, by 1.9-5.1 thousand m?/ha
relative to the control. The highest values of this indicator were noted in the variant of
combining seed inoculation and foliar fertilization of crops with boron against the
background of N15Ps0Keo application.

In the process of photosynthesis, leaf blades absorb the energy of sunlight during
the vegetation period and convert it into biomass. Thus, the amount of organic matter
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synthesized by the plant is determined not only by the size of the leaf surface, but also by
the duration of the period of its active functioning. The duration of the leaf surface in the
active state determines the indicator of the photosynthetic potential of the crop.

The results of the studies indicate a positive effect of mineral fertilizer, seed
inoculation, foliar fertilization of crops with boron and their combination on the duration
of active photosynthetic work of the leaf surface of chickpea crops. The factors studied
in the experiment had different effects on the duration of leaf blade functioning. In the
variants of NPK application, the value of the photosynthetic potential of chickpea crops
increased compared to the control by 0.064-0.166 million m?*xday/ha, and an increase in
the level of mineral fertilizer extended the duration of photosynthetic work of the leaf
surface of chickpea crops (Fig. 2).

Seed inoculation contributed to an increase in the value of the photosynthetic
potential of chickpea crops by 0.028 million m?xday/ha relative to the control. In the
variants of combining seed inoculation and mineral fertilizer application, the excess of
this indicator over the control was 4.91-10.8%, increasing as the supply of plants with
mineral nutrition elements improved. The combination of seed inoculation and foliar
fertilization of plants with boron contributed to an increase in the value of the
photosynthetic potential of chickpea crops to 1.698 million m?xday/ha, and it was highest
in the variant where mineral fertilizers were applied at a dose of Ni5PsoKeo, sowing was
carried out with seeds pre-treated with the microbiological preparation Anderiz and
fertilizing the crops with the microfertilizer SmartGrow boron-150.

N15P60K60+ SmartGrow boron-150
N15P30K30+ SmartGrow boron-150
SmartGrow boron-150

N15P60K60

N15P30K30

Control (without fertilizers)
N15P60K60+ SmartGrow boron-150
N15P30K30+ SmartGrow boron-150
SmartGrow boron-150

N15P60K60

N15P30K30

Control (without fertilizers)

Inoculation with the
biological preparation
Anderiz

Without inoculation

15 155 16 165 1,7 175 18 1,85 19
Photosynthetic potential, min. m2day/ha

Fig. 2. Photosynthetic potential of chickpea crops in the flowering-bean formation
phase depending on seed bacterization and fertilization, million m?xday/ha (2023-
2024)

Photosynthesis is the basis for biomass formation by plants. Thus, in the process
of photosynthetic activity, plants synthesize about 95% of organic compounds, which
ensures the passage of all vital processes.

In specialized structures, chloroplasts, plants use the energy of sunlight to convert
carbon dioxide and water into glucose and oxygen. This process not only stimulates plant
growth, but also leads to the accumulation of organic matter in the form of biomass. The
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energy obtained in the process of photosynthesis accumulates in plant cells and can be
used for various purposes, which makes plants an invaluable resource for both natural
ecosystems and human activities.

The dynamics of the accumulation of organic biomass by plants is evidenced by
the net productivity of photosynthesis. Its value expresses the amount of dry matter
created in the process of photosynthesis per unit of leaf surface over a certain period of
time.

In the experiment, the value of this indicator, depending on the influence of the
factors studied, varied from 2.89 to 3.56 g/m? per day (Fig. 3). It should be noted that the
influence of mineral fertilizers as a whole in the experiment on the net productivity of
photosynthesis was the most pronounced. Thus, in the variants of NPK application, the
excess of the values of net productivity of photosynthesis relative to the control was
11.1% for Ni5P30K30 and 16.6% for Ni5sPsoKeo. Inoculation of seeds with the biological
preparation Anderiz and fertilizing plants in the budding phase with the microfertilizer
SmartGrow boron-150 ensured an increase in the value of this indicator by 6.50 and
7.60%, respectively, and in the variant of their combination, the net productivity of
photosynthesis of chickpea crops increased compared to the control by 10.0%. The most
effective in this regard was the complex application of a microbiological preparation, and
NisPsoKeo. In this variant, the excess of the net productivity of photosynthesis over the
control was 23.2%.

2 5 N15P60K60+ SmartGrow boron-150

% g N15P30K30+ SmartGrow boron-150

; g% SmartGrow boron-150

c_% E g N15P60K60

38 N15P30K30

= -8 Control (without fertilizers)
S N15P60K60+ SmartGrow boron-150
© N15P30K30+ SmartGrow boron-150
§ SmartGrow boron-150
§ N15P60K60
2 N15P30K30
=

Control (without fertilizers)
0 0,5 1 15 2 25 3 35 4
Net photosynthetic productivity, g/m2 dry weight per day

Fig. 3. Net photosynthetic productivity of chickpeas in the flowering-bean formation
phase depending on the use of the biological preparation and levels of mineral
nutrition, g/m? per day (2023-2024)

The intensity of accumulation of organic compounds determined the amount of
dry aboveground biomass of plants. The results of the study showed a regular increase in
it as the supply of plants with mineral nutrition elements improved (Table 3). Thus, the
application of mineral fertilizers ensured an increase in the mass of plants in an absolutely
dry state in the grain ripening phase by 0.81-1.66 g compared to the control. At the same
time, it should be noted that the application of N15PsoKeo turned out to be more effective
compared to Ni5P30K3o.
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Seed inoculation contributed to an increase in the absolutely dry biomass of plants
by 0.18 g compared to the control. Foliar application of plants with micronutrient
SmartGrow boron-150 turned out to be more effective in this regard. The combination of
seed inoculation and foliar feeding contributed to an increase in the absolute dry weight
of plants relative to the control by 5.6%. The value of this indicator was maximum in the
variant Anderiz + N5PsoKeo + SmartGrow boron-150.

Table 3
Formation of dry biomass of chickpea plants depending on seed inoculation and
fertilizer levels, (2023-2024)

Seed Fertilizer Plant weight in a

inoculation completely dry state, g
Control (without fertilizers) 5,32
N15P30K30 6,13
Without N15PsoKeo 6,98
inoculation SmartGrow boron-150 5,44
N15P30K30+ SmartGrow boron-150 6,34
N15PsoKeo+ SmartGrow boron-150 7,42
. Control (without fertilizers) 5,50
Inoculation N1eP2oK 625

with the 15P30K30 :

biological NasPaoKeo 7,34
preparation SmartGrow boron-150 5,62
Anderiz N15P30K30+ SmartGrow boron-150 6,72
N15PsoKeo+ SmartGrow boron-150 8,13

The results obtained indicate a positive influence of the studied factors and their
complex interaction on the mass of 1000 chickpea seeds. The studies have established an
increase in the value of this indicator by 10.9-18.8% in the variants of NPK application
relative to the control. At the same time, the highest values of the mass of 1000 chickpea
seeds were also noted when applying maximum doses of mineral fertilizers.

In the variants of seed inoculation and foliar application of plants with boron-
containing fertilizer, the mass of 1000 seeds increased by 1.1 and 2.6%, respectively,
compared to the control. The most effective was the complex use of the studied factors,
in particular the application of Nis5PsoKso and the combination of seed inoculation and
foliar application of plants, which ensured an increase in this indicator relative to the
control by 8.4%.

Intensive growth of the above-ground part and root system of plants, sufficient
development of the photosynthetic surface of plants and increased photosynthetic activity,
contributed, in turn, to an increase in the amount of synthesized metabolites and the
accumulation of dry matter by plants, as well as an increase in the average number of
beans and seeds formed on plants, the mass of 1000 seeds. The values of these elements
of plant productivity determined the increase in the seed yield (Table 4).

The highest values of this indicator were recorded in the variant of combining seed
inoculation, foliar application of plants with microfertilizer SmartGrow boron-150
Ni5Ps0Keo mineral fertilization. The average seed yield over the years of the study in this
variant of the experiment was the highest and amounted to 2.56 t/ha. The increase in
chickpea seed yield from the application of different doses of mineral fertilizers was at
the level of 0.14-0.36 t/ha, relative to the variant without fertilizers.
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Table 4
Chickpea seed yield depending on the use of biological product and mineral
nutrition elements, t/ha

Seed Fertilizer Seed yield, t/ha Average by
inoculation 2023 2024 years, t/ha
control (without fertilizers) 2,24 1,68 1,96
N15P30K30 2,46 1,74 2,10
N15PeoKso 2,78 1,86 2,32
Without SmartGrow boron-150 2,31 1,77 2,04
inoculation N15P30K30+ Srlnsa(throw boron- 257 1,89 2,23
N15PeoKeso+ Srlnél(;tGrow boron- 201 1,95 243
control (without fertilizers) 2,28 1,71 2,00
Inoculation N15P30K30 2,50 1,83 2,17
with the N15Pe0Kso 2,83 1,98 2,41
) s SmartGrow boron-150 2,35 1,83 2,09
biological N15P30K30+ SmartGrow boron-
preparation 157730730 150 oW boro 2,63 1,96 2,30
Anderiz
N15Ps0Kso+ ST;(;tGI’OW boron- 3,08 2,04 256
HIPo os factor A — 0.09; factor B — 0.12;
‘ interaction of factors AB — 0.15.

Seed inoculation and foliar fertilization of crops contributed to an increase in seed
yield compared to the control by 0.03 and 0.09 t/ha, respectively, and in the variant of
their combination, the increase in yield was 0.15 t/ha.

Discussion. The magnitude of plant productivity is expressed by the totality of the
effects of various environmental factors on a number of physiological and morphological
processes occurring in plants during the growing season. Photosynthesis is a fundamental
process during which the energy of solar radiation is used by plants to convert CO; into
carbohydrates, which constitute about 90% of their biomass (Simkin et al., 2019; Muhie,
2022).

In turn, the productivity of photosynthetic activity of plants is largely determined
by the size of the leaf surface, as the main assimilation organ of plants. Its size can serve
as an indicator of the strategy of resource use by plants and have important consequences
for the energy and water balance. The main factor in the formation of a developed leaf
surface is the provision of plants with mineral nutrition elements. The results of our
research indicate a positive effect of mineral fertilizer on the development of the leaf
surface of plants. Its largest value was observed in the variant of the combination of
factors studied. Along with this, the obtained data are consistent with the studies
conducted by H. Ali, M.A. Khan and S.A. Randhawa (2004), where improving plant
phosphorus nutrition by increasing the dose of P2Os from 90 to 120 kg/ha increased the
value of the leaf area index to 3.78. At the same time, scientists note that nitrogen
deficiency leads to a decrease in the leaf area index, the productivity of photosynthetic
activity and, accordingly, plant biomass (Chemining wa G. N., Vessey J. K., 2006).

In other studies, an increase in the level of nitrogen absorption by plants with
improved phosphorus nutrition is noted. R.S. Jat, .P.S. Ahalawat (2004) reported that the
application of P26 4 significantly increased the total absorption of nitrogen and phosphorus
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by plants. In the studies of R. Meena et al. (2004), the introduction of Pso increased the
amount of N, P, K absorbed by plants.

Other researchers agree with these statements, who found an increase in the
intensity of chickpea growth processes due to the use of macronutrients, i.e. N, P and K
(Goud V.V. et al., 2014; Shah T. et al., 2016), micronutrients (El-Habbasha S.F. et al.,
2012), biofertilizers (Dutta D., Bandyopadhyay P., 2009). They note that the positive
effect of microorganisms on plant growth and development may be associated not only
with the improvement of their nitrogen nutrition due to legume-rhizobial interaction, but
also due to the synthesis of phytohormones such as auxin, secondary metabolites in
inoculated plants. They promote seed germination, root system development and at the
same time increase the amount of moisture and nutrients absorbed by it, which in turn
stimulates the growth of the leaf surface (Werner D., Newton W. E., 2005)

Scientific studies indicate an increase in the growth rate of the absolutely dry
matter of plants, due to better development of the leaf surface, which in turn increases the
accumulation of solar radiation by plants and the production of organic compounds by
increasing the intensity and productivity of photosynthesis (McKenzie, B. A., Hill, G. D.,
1995). This position was confirmed by the results of our studies, where an increase in the
area of the leaf surface and an extension of the duration of its active functioning due to
the complex use of seed inoculation, foliar application of plants with boron against the
background of the application of various doses of mineral fertilizers contributed to the
enhancement of the production of organic matter by plants, an increase in the mass of
plants in a completely dry state and an increase in the level of seed yield up to 2.56 t/ha.
Our results are consistent with the conclusions made by Reinprecht Y. With co-authors
(2020) in the course of their studies. They note that the main source of nutrients entering
the seed during its formation, filling and ripening is the process of photosynthesis and
root nutrition, as well as the reuse of organic compounds from vegetative organs.
Improving the conditions for the formation of plant productivity against the background
of the application of mineral fertilizers may be associated not only with the positive effect
of each nutrient on vital processes, but also with their synergistic effect. This is evidenced
by the results of our studies, which are also consistent with the data obtained by other
scientists (Meena R. et al., 2020., Kumar D. et al., 2014).

Scientists also note that a positive aspect of increasing plant productivity can be
not only an increase in the number of doses of applied fertilizers, but also the ratio of
mineral nutrition elements in them (Rashid A. et al., 2013). At the same time, the increase
in leaf surface area, plant mass in a completely dry state and, accordingly, seed yield in
the variant of foliar fertilizing of plants with boron and its combination with the
application of mineral fertilizers, noted in our study, can be explained by the favorable
effect of these nutrients on metabolism and biological activity, as well as their stimulating
effect on the development of the leaf surface and an increase in the concentration of
photosynthetic pigments, the activity of enzymes, which, in turn, have a stimulating effect
on the vegetative growth of plants.

Conclusions:

1. The use of a microbiological preparation based on nitrogen-fixing bacteria for
pre-sowing treatment of chickpea seeds, mineral fertilizers, foliar application with
microfertilizer SmartGrow Bor-150 and their combination showed a positive effect on the
formation of the leaf surface by chickpea plants. In this regard, the most effective was the
combination of seed inoculation, foliar application of plants with boron and NisPsoKso
fertilization.

2. The size of the leaf surface, productivity and duration of its photosynthetic
work, which increased as the supply of plants with mineral nutrition elements improved,
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in turn determined the intensity of the accumulation of aboveground dry biomass by
plants and the supply of organic compounds to seeds during their formation and filling.
Accordingly, the dry weight of plants and the weight of 1000 seeds were the highest in
the combination of seed inoculation foliar application of plants with boron and N15Ps0Keo
fertilization.

3. It was established that the introduction of NPK provided an increase in the yield
of chickpea seeds relative to the control at the level of 0.14-0.36 t/ha. In the variants of
using the microbiological preparation Anderiz based on nitrogen-fixing bacteria and the
microfertilizer SmartGrow Bor-150, the seed productivity of chickpea crops increased
compared to the control by 0.03 and 0.09 t/ha, respectively, and in the variant of their
complex application, the yield increased by 0.15 t/ha. The most appropriate is the
combination of seed inoculation, foliar application of plants with SmartGrow Bor-150
and Ni5PeoKso fertilization, which makes it possible to increase the yield of chickpea
seeds to 2.56 t/ha.

References

Abdel-Motagally, F.M.F., & El-Zohri, M. (2016). Improvement of wheat yield grown
under drought stress by boron foliar application at different growth stages. Journal
of the Saudi Society of Agricultural Sciences, 17 (2), 178-185.
https://doi.org/10.1016/j.jssas.2016.03.005

Ali, H., Khan, M.A. & Randhawa, S.A. (2004). Interactive effect of seed inoculation and
phosphorus application on growth and yield of chickpea (Cicer arietinum L.).
International Journal of Agriculture & Biology, 6, 110-112.

Begum, N., Khan, Q.U., Liu, L.G., Li, W,, Liu, D. & Haq, [.U. (2023) Nutritional
composition, health benefits and bio-active compounds of chickpea (Cicer
arietinum L.). Frontiers in Nutrition, 10, 1218468.
https://doi.org/10.3389/fhut.2023.1218468

Cakor, O., Ugarlo, C., Tarhan, C., Pekmez, M., & Tyrgut-Kara, N. (2019). Nutritional and
health benefits of legumes and their distinctive genomic properties. Food Science
and Technology, 39(1), 1-12. https://doi.org/10.1590/fst.42117

Chemining wa, G. N., & Vessey, J. K. (2006). The abundance and efficacy of Rhizobium
leguminosarum bv. viciae in cultivated soils of eastern Canadian prairie. Soil
Biology and Biochemistry, 38, 294-302.

Dominguez-Ferreras, A., Muioz, S., Olivares, J., Soto, M.J., & Sanjuan, J. (2009). Role
of potassium uptake systems in Sinorhizobium meliloty osmoadaptation and
symbiotic  performance. Journal of Bacteriology, 191, 2133-2143.
https://doi.org/10.1128/jb.01567-08

Dutta, D. & Bandyopadhyay, P. (2009) Performance of chickpea (Cicer arietinum L.) to
application of phosphorus and bio-fertilizer in laterite soil. Archives of Agronomy
and Soil Science, 55(2), 147-155.

El-Feky, S.S., El-Shintinawy, F., Shaker, E.M., & El-Din, H.A.S. (2012). Effect of
elevated boron concentrations on the growth and yield of barley (Hordeum
vulgare L.) and alleviation of its toxicity using different plant growth modulators.
Australian Journal of Crop Science, 6, 1687—-1695.

El-Habbasha, S.F., Ahmed, Amal G., & Magda M. H. (2012) Response of some chickpea
varieties to compound foliar fertilizer under sandy soil conditions. Journal of
Applied Sciences Research, 8 (10), 5177-5183.

Flores, R.A., da Silva, R.G., da Cunha, P.P., Damin, V., de Abdala, K.O., Arrud,a EM.,
Rodrigues, R.A., & Maranhao, D.D.C. (2017). Economic viability of Phaseolus
vulgaris (BRS Estilo) production in irrigated system in a function of application

158


https://www.sciencedirect.com/journal/journal-of-the-saudi-society-of-agricultural-sciences
https://www.sciencedirect.com/journal/journal-of-the-saudi-society-of-agricultural-sciences
https://doi.org/10.1016/j.jssas.2016.03.005
https://doi.org/10.3389/fnut.2023.1218468
https://doi.org/10.1590/fst.42117
https://doi.org/10.1128/jb.01567-08

E[
Hayxoeo-mexniunuii broremens Incmumymy meapunnuumea HAAH, 2025, Ne133 F=5

of leaf boron. Acta Agriculturae Scandinavica. Section B, Soil and Plant
Science, 67, 697—704. https://doi.org/10.1080/09064710.2017.1329454

George, T.S., Hinsinger, P., & Turner, B.L. (2016). Phosphorus in soils and plants — facing
phosphorus scarcity. Plant and Soil, 401, 1-6. https://doi.org/10.1007/s11104-
016-2846-9

Goldbach, H.E., & Wimmer, M.A. (2007). Boron in plants and animals: Is there a role
beyond cell wall structure? Journal of Plant Nutrition and Soil Science, 170, 39—
48. https://doi.org/10.1002/jpIln.200625161

Goud, V.V,, Konde, N.M., Mohod, P.V. & Kharche, V.K. (2014) Response of chickpea to
potassium fertilization on yield, quality, soil fertility and economic in vertisols.
Legume Research, 37 (3), 311-315.

Hawkesford, M.J., Cakmak, I., Coskun, D., De Kok, L.J., Lambers, H., Schjoerring, J.K.,
& White, P.J. (2023). Functions of macronutrients. Marschner s Mineral Nutrition
of Plants; Academic Press: Cambridge, MA, USA, 201-28I.
https://doi.org/10.1016/B978-0-12-819773-8.00019-8

Hrytsaienko, Z. M., Hrytsaienko, A. O., & Karpenko, V. P. (2003) Metody biolohichnykh
ta ahrokhimichnykh doslidzhen roslyn i gruntiv [Methods of biological and
agrochemical studies of plants and soils] K.: ZAT “NIChLAVA”. 320 (In
Ukrainian).

Ibeanu, V. N., Edeh, C. G., & Ani, P. N. (2020). Evidence-based strategy for prevention
of hidden hunger among adolescents in a suburb of Nigeria. BMC Public Health,
20(1), 1683. https://doi.org/10.1186/s12889-020-09729-8

Isidra-Arellano, M.C., Delaux, P.M., & Valds-Lpez, O. (2021). The phosphate starvation
response system: its role in the regulation of plant-microbe interactions. Plant and
Cell Physiology, 62, 392—400. https://doi.org/10.1093/pcp/pcab016

Jat, R.S., & Ahalawat L.P.S. (2004). Effect of vermicompost, biofertilizer and nutrient
uptake by gram (Cicer arietinum) and their residual effect on fodder maize (Zea
mays). Indian journal of agricultural science, 74, 359-361.

Jha, U.C., Nayyar, H., Thudi, M., Beena, R., Prasad, P.V.V. & Siddique, K.H.M. (2024)
Unlocking the nutritional potential of chickpea: strategies for biofortification and
enhanced multi-nutrient quality. Frontiers in Plant Science, 15, 1391496.
https://doi.org/10.3389/fpls.2024.1391496

Karalija, E., Vergata, C., Basso, M.F., Negussu, M., Zaccai, M., Grossi-de-Sa, M.F.; &
Martinelli, F. (2022). Chickpeas’ tolerance of drought and heat: Current
knowledge and next steps. Agronomy, 12, 2248.
https://doi.org/10.3390/agronomy12102248

Kaur, N., Sharma, P. & Sharma, S. (2015). Co-inoculation of Mesorhizobium sp. and plant
growth promoting rhizobacteria Pseudomonas sp. as bio-enhancer and bio-
fertilizer in chickpea (Cicer arietinum L.). Legume Researsh, 38, 367-374.
https://doi.org/10.5958/0976-0571.2015.00099.5

Kaushik, P., Pati, P.H., Khan, M.L., & Khare, P.K. (2021). A quick and simple method
for estimating leaf area by leaf weight. International Journal of Botany Studies,
6, 1286-1288.

Koul, B., Sharma, K., Sehgal, V., Yadav, D., Mishra, M.; & Bharadwaj, C. (2022).
Chickpea (Cicer arietinum L.) biology and biotechnology: from domestication to
biofortification and biopharming. Plants, 11, 2926.
https://doi.org/10.3390/plants 11212926

Kumar, D., Arvadiya, L.K., Kumawat, A.K., Desai, K.L.. & Patel, T. U. (2014). Yield,
protein content, nutrient content and uptake of chickpea (Cicer arietinum L.) as
influenced by graded levels of fertilizers and bio-fertilizers. Research Journal of

159


https://doi.org/10.1080/09064710.2017.1329454
https://doi.org/10.1007/s11104-016-2846-9
https://doi.org/10.1007/s11104-016-2846-9
https://doi.org/10.1002/jpln.200625161
https://doi.org/10.1016/B978-0-12-819773-8.00019-8
https://doi.org/10.1186/s12889-020-09729-8
https://doi.org/10.1093/pcp/pcab016
https://doi.org/10.3389/fpls.2024.1391496
https://doi.org/10.3390/agronomy12102248
https://doi.org/10.5958/0976-0571.2015.00099.5
https://doi.org/10.3390/plants11212926

f
gj Scientific and Technical Bulletin of Livestock farming institute of NAAS, 2025, Is. 133

Chemical and Environmental Sciences, 2, 60-64.

Lambers, H. (2022). Phosphorus acquisition and utilization in plants. Annu. Review of
Plant Biology, 73, 17-42. https://doi.org/10.1146/annurev-arplant-102720-
125738

Lepetit, M. & Brouquisse, R. (2023). Control of the rhizobium—legume symbiosis by the
plant nitrogen demand is tightly integrated at the whole plant level and requires
interorgan systemic signaling. Frontiers in Plant Science, 14, 1114840.
https://doi.org/10.3389/1pls.2023.1114840

McKenzie, B. A., & G. D. Hill. 1995. Growth and yield of two chickpea (Cicer arietinum
L.) varieties in Canterbury, New Zealand. New Zealand Journal of Crop and
Horticultural Science, 23, 467-474.

Meena, R., Meena M., Sharma, P.K., & Chetan Kumar, C. (2020). Effect of fertility levels
and bio-fertilizers on growth and yield of chickpea (Cicer arietinum L.).
International Journal of Current Microbiology and Applied Sciences, 9(2), 3098-
3103. https://doi.org/10.20546/ijcmas.2020.902.357

Michail ,T., Walter, T., Astrid, W., Walter, G., Dieter, G., & Maria, S.J. (2004). A survey
of foliar mineral nutrient concentrations of Pinus canariensis at field plots in
Tenerife. Forest Ecology and management, 189, 49-55.

Mir, A.H., Bhat, M.A., Dar, S.A., Sofi, P.A., Bhat, N.A., & Mir, R.R. (2021). Assessment
of cold tolerance in chickpea (Cicer spp.) grown under cold/freezing weather
conditions of North-Western Himalayas of Jammu and Kashmir, India.
Physiology and Molecular Biology of Plants, 27(5), 1105-1118.
https://doi.org/10.1007/s12298-021-00997-1

Monteoliva, M., Valetti, L., Taurian, T., Crociara, C. S., & Guzzo, M. C. (2022).
Synthetic communities of bacterial endophytes to improve the quality and yield
of legume crops. Intech Open. 1-36. https://doi.org/10.5772/intechopen.102519

Muhie, S.H. (2022). Optimization of photosynthesis for sustainable crop production.
CABI Agriculture and Bioscience, 3, 50. https://doi.org/10.1186/s43170-022-
00117-3

Nakei, M.D., Venkataramana, P.B., & Ndakidemi, P.A. (2022). Soybean-nodulating
rhizobia: ecology, characterization, diversity, and growth promoting functions.
Frontiers in Sustainaible Food System, 6, 824444,
https://doi.org/10.3389/fsufs.2022.824444

Nychyporovych, A. A. (1963). O putiakh povyshenyia produktyvnosty fotosynteza
rastenyi v posevakh. V kn.: Fotosyntez y voprosy produktyvnosty rastenyi. M.:
Yzd-vo AN SSSR. 5-36.

O’Callaghan, M. (2016). Microbial inoculation of seed for improved crop performance:
issues and opportunities. Applied Microbiology and Biotechnology, 100, 5729—
5746. https://doi.org/10.1007/s00253-016-7590-9

Oosterhuis, D.M., Loka, A.D., Kawakami, E.M., & William, T. (2014). Pettigrew chapter
three - the physiology of potassium in crop production. Advances in agronomy,
126, 203-233. https://doi.org/10.1016/B978-0-12-800132-5.00003-1

Pasiakos, S. M., Agarwal, S., Lieberman, H. R., & Fulgoni, V. L. (2015). Sources and
amounts of animal, dairy, and plant protein intake of US adults in 2007-2010.
Nutrients, 7(8), 7058-7069. https://doi.org/10.3390/nu7085322

Pastor-Bueis, R., Sanchez-Canizares, C., James, E.K. & Gonzélez-Andrés, F. (2019).
Formulation of a highly effective inoculant for common bean based on an
autochthonous elite strain of Rhizobium leguminosarum bv. phaseoli, and
genomic-based insights into its agronomic performance. Frontiers in
Microbiology, 10, 2724. https://doi.org/10.3389/fmicb.2019.02724

160


https://doi.org/10.1146/annurev-arplant-102720-125738
https://doi.org/10.1146/annurev-arplant-102720-125738
https://doi.org/10.3389/fpls.2023.1114840
https://doi.org/10.20546/ijcmas.2020.902.357
https://doi.org/10.1007/s12298-021-00997-1
https://doi.org/10.5772/intechopen.102519
https://doi.org/10.1186/s43170-022-00117-3
https://doi.org/10.1186/s43170-022-00117-3
https://doi.org/10.3389/fsufs.2022.824444
https://doi.org/10.1007/s00253-016-7590-9
https://www.sciencedirect.com/bookseries/advances-in-agronomy
file:///C:/Users/admin/Downloads/126
https://doi.org/10.1016/B978-0-12-800132-5.00003-1
https://doi.org/10.3390/nu7085322
https://doi.org/10.3389/fmicb.2019.02724

E[
Hayxoeo-mexniunuii broremens Incmumymy meapunnuumea HAAH, 2025, Ne133 F=5

Prajapati, K., & Modi, H.A. (2012). The importance of potassium in plant growth — a
review. Indian Journal of Plant Sciences, 1(02-03), 177-186.

Rashid, A., Ishaque, M., Hameed, K., Shabbirand, M. & Ahmad. (2013). Growth and
yield response of three chickpea cultivars to varying NPK levels. Asian Journal
of Agriculture and Biology, 1, 95-99.

Reinprecht, Y., L. Schram, F. Marsolais, T.H. Smith, B. Hill, & K.P. Pauls. (2020).
Effects of nitrogen application on nitrogen fixation in common bean production.
Frontiers in Plant Science, 11, 1172. https://doi.org/10.3389/fpls.2020.01172

Sanchez-Navarro, V., Zornoza, R., Faz, A., Egea-Gilabert, C., Ros, M., Pascual, J. A., &
Fernandez, J. A. (2020). Inoculation with different nitrogen-fixing bacteria and
arbuscular mycorrhiza affects grain protein content and nodule bacterial
communities of a Fava Bean Crop. Agronomy, 10 (6), 768.
https://doi.org/10.3390/agronomy 10060768

Shah, T., Fareed, A. & Nauman, M. (2016). Yield and quality response of chickpea
cultivars to different NPK levels. Austin Food Sciences, 1(4), 1-4.

Shen, J., Yuan, L., Zhang, J., Li, H., Bai, Z., Chen, X., Zhang, W., & Zhang, F. (2011).
Phosphorus dynamics: from soil to plant. Plant Physiology, 156, 997-1005.
https://doi.org/10.1104/pp.111.175232

Simkin, A. J., Patricia, E. Lopez-Calcagno, & Christine, A. (2019). Raines Feeding the
world: improving photosynthetic efficiency for sustainable crop production.
Journal of Experimental Botany, 70 (4), 1119-1140.
https://doi.org/10.1093/jxb/ery445

Singh, P., & Krishnaswamy, K. (2022). Sustainable zero-waste processing system for
soybeans and soy by-product valorization. 7rends in Food Science & Technology,
128, 331-344. https://doi.org/10.1016/].tifs.2022.08.015

Sridevi, M., & Mallaiah, K.V. (2009). Phosphate solubilization by Rhizobium strains.
Indian Journal of Microbiology, 49, 98. https://doi.org/10.1007/s12088-009-
0005-1

Wang, J., L1, Y., Li, A., Liu, R H., Gao, X., Li, D., Kou, X., & Xue, Z. (2021). Nutritional
constituent and health benefits of chickpea (Cicer arietinum L.): A review. Food
Research International, 150, 110790.
https://doi.org/10.1016/j.foodres.2021.110790

Wang, N., Yang, C., Pan, Z., Liu, Y. & Peng, S. (2015). Boron deficiency in woody plants:
Various responses and tolerance mechanism. Frontiers in Plant Science, 6, 916.
https://doi.org/10.3389/fpls.2015.00916

Werner, D., & Newton, W. E. (2005). Nitrogen fixation in agriculture, forestry, ecology
and environment. Netherlands, 2005. 347.

Yeremko, L., Hanhur, V., & Staniak, M. (2024) Effect of mineral fertilization and seed
inoculation with microbial preparation on seed and protein yield of pea (Pisum
sativum L.). Agronomy, 14, 1004. https://doi.org/10.3390/agronomy 14051004

Yeremko, 1., Hanhur, V., & Staniak, M. (2024). Effect of fertilization and microbial
preparations on productivity of chickpea (Cicer arietinum L.). Acta Agrobotanica,
77, https://doi.org/10.5586/aa/182829

Yeshchenko, V. O., Kopytko, P. H., Opryshko, V. P., & Kostohryz, P. V. (2005). Osnovy
naukovykh doslidzhen v ahronomii [fundamentals of scientific research in
agronomy]. Diia. 288 (In Ukrainian).

161


https://doi.org/10.3389/fpls.2020.01172
https://doi.org/10.3390/agronomy10060768
https://doi.org/10.1104/pp.111.175232
https://doi.org/10.1093/jxb/ery445
https://doi.org/10.1016/j.tifs.2022.08.015
https://doi.org/10.1007/s12088-009-0005-1
https://doi.org/10.1007/s12088-009-0005-1
https://www.sciencedirect.com/journal/food-research-international
https://www.sciencedirect.com/journal/food-research-international
https://doi.org/10.1016/j.foodres.2021.110790
https://doi.org/10.3389/fpls.2015.00916
https://doi.org/10.3390/agronomy14051004
https://doi.org/10.5586/aa/182829

f
gj Scientific and Technical Bulletin of Livestock farming institute of NAAS, 2025, Is. 133

BerepurHapHe b6n1aronosiyq4ysi T1a AKICTb NpoayKyili
TBapPUHHNL TB3

Veterinary welfare and quality of livestock products

DOI 10.32900/2312-8402-2025-133-162-174
UDC 636.71:612.6:591.18

ANALYSIS OF INDIVIDUAL DYNAMICS OF PROGESTERONE
LEVELS IN FEMALE DOGS DEPENDING ON AGE, BODY
CONDITION, AND TEMPERAMENT

Olga BOBRYTSKA, Doctor of Veterinary Sciences, Professor,
https://orcid.org/0000-0002-5368-8094
Valeria FORKUN, PhD student
https://orcid.org/0009-0000-4810-4114
Larisa VODOPIANOVA, Candidate of Biological Sciences, Associate
Professor
https://orcid.org/0000-0002-9331-1689
Iryna ZHUKOVA, Doctor of Veterinary Sciences, Professor,
https://orcid.org/0000-0003-4488-3899
State Biotechnological University, Kharkiv, Ukraine

The aim of this study was to examine the influence of individual characteristics of
female dogs (Canis familiaris) of the Bull Terrier breed on the dynamics of progesterone
levels in their blood throughout the estrous cycle. The experiment involved 25 clinically
healthy female dogs divided into three age groups: young (1.4 years), middle-aged (4.8
years), and older dogs (8.6 years). The health status of the animals was assessed through
clinical examinations and laboratory analyses, including the determination of
reproductive status using folliculometry, vaginal cytology, and blood progesterone level
analysis. Blood samples were collected from the jugular vein during key periods of the
estrous cycle and analyzed using an enzyme-linked immunosorbent assay (“"Progesterone
— ELISA," HEMA, Ukraine). Additionally, the impact of body condition (evaluated using
the BCS scale) and temperament (assessed using the C-BARQ questionnaire) on
hormonal status was investigated. To this end, 12 groups of female dogs were formed
according to behavioral characteristics (aggression, fear and anxiety, excitability,
learning ability, and obedience). All experimental procedures complied with the
requirements of the Ukrainian Law "On the Protection of Animals from Cruelty" and the
principles of the European Convention for the Protection of Vertebrate Animals Used for
Experimental and Scientific Purposes. The results of two-factor ANOVA revealed that,
regardless of age, body weight, or temperament, the stage of the estrous cycle was the
determining factor influencing blood progesterone levels (F=79.8-173.0; P<0.001).
Among individual characteristics, body weight had the greatest impact (F=16.3;
P<0.001), while age differences showed a statistically significant but less pronounced
effect (F=3.65; P<0.05). The temperament of female dogs also significantly affected
progesterone levels, particularly in terms of aggression (F=10.68; P<0.001), fear and
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anxiety (F=9.21; P<0.001), and excitability (F=7.6; P<0.001). In contrast, learning
ability and obedience did not show a significant effect on hormonal status (F=0.91;
P=0.41). Analysis of interaction effects revealed a significant relationship between body
weight, behavioral characteristics (aggression, fear), and the stage of the estrous cycle
(F=2.24-2.92; P<0.005-0.001). This indicates that individual physiological and
behavioral traits influence the endocrine regulation of reproductive function in female
dogs. The findings expand the understanding of regulatory mechanisms in the estrous
cycle of dogs and emphasize the need to consider individual characteristics when
planning veterinary interventions and breeding programs.

Keywords: progesterone, estrous cycle, dogs, body condition, temperament,
reproductive function, hormonal regulation.
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JepxxaBHuii 0i10TeXHOJIOTiYHMI yHiIBepcHuTeT, XapKiB, YKpaiHa

Memoto  yvoeo Oocniddcenns 0OyI0  BUBYEHHSA  GNAUBY  [HOUBIOYATLHUX
xapaxmepucmux cyk (Canis familiaris) nopoou o6ynemep'ep Ha OuHamixy pieHs
npo2ecmepomy 8 iX Kposi npomscom ecmpaibHo20 Yukiy. B excnepumenmi 6panu yuacme
25 KaiHiuHO 300po6ux cobak, po3dileHux Ha mpu 6ikoei epynu: monodi (1,4 poxy),
cepeonvoeo 6iky (4,8 poky) ma cmapuii (8,6 poky). Cman 300poé'ss meapun oyiniosanu
3a 00NOMO2010 KIMIHIYHUX Ma 1aOOPaAMOPHUX OOCNIONCEHb, GKII0YAI0YU BUHAYEHMHS
PENPOOYKMUBHO20 CIAMYCY 3a O0NOMO2010 (YONIKYIOMEeMPIi, 8a2iHANbHOT Yumonoe2ii ma
aManizy pieHs nNpocecmepoHy 8 Kpogi. 3pa3ku Kposi Opanu 3 spemMHol eHU 6 KIHUO08i
nepioou ecmpanbHo20 YUKIY Ma aHali3yeanu 3a 00NOMO2010 IMYHOpEpMeHMHO20
ananizy («llpocecmepon — IPA», HEMA, Ykpaina). [Jooamkoeo docnioxcysanu enius
cmany mina (oyinosanozo 3a wkanoro BCS) ma memnepamenmy (oyini08anHo2o 3a
oonomozor onumyeanvruxa C-BARQ) na eopmonanvruti cmamyc cyk. /s yvboeo 6yno
cpopmosano 12 epyn meapun 3a N08eOiHKOBUMU XAPAKMEPUCMUKAMU (acpecis, cmpax i
mpugoea,  30y0nugicmv, 30amuicmb 00 HABYAHHA mMa  CHYXHAHICMb).  Yci
eKxcnepumMeHmanvhi npoyedypu 6ionogioanu eumozam 3axony Yxpainu «Ilpo 3axucm
MBAPUH 8I0 HCOPCMOKO20 NOBOONCEHHS» ma NpuHyunam €eponeticbkoi KoHeeHyii npo
3axucm XpeOemHux meapuH, Wo BUKOPUCTNOBYIOMbCA 6 eKCHePUMEHMANbHUX ma
Haykosux yinax. Pezynemamu o0eoghaxmopnozco Oucnepcitinoeo awnanizy (ANOVA)
NOKA3aNU, WO HEe3ANEeHCHO 80 BIKY, MACU MINA YU meMnepameHmy, cmaoisi eCmpaibHO20
YUKy Oyna 6UHAYATLHUM (DAKMOPOM, WO 6NIUBAE HA DIBEHb NPO2ECMEPOH) 8 KPO8i
(F=79,8-173,0; P<0,001). Cepeo inougioyanbHux xapaxmepucmux HauOiibuull 6niue
mana maca mina (F=16,3; P<0,001), mooi sax 6ikosi GiOMIHHOCMI NOKA3AIU
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CMamucmuyHo  3Havywul, are MeHw eupadcenutl enaus (F=3,65; P<0,05).
Temnepamenm cyk maxkoic cymmeso 6niueas Ha pieeHsb Npocecmepomy, 30Kpemd, ujooo
aepecii (F=10,68; P<0,001), cmpaxy ma mpusoeu (F=9,21; P<0,001) ma 306yonusocmi
(F=7,6; P<0,001). Hamomicmo, 30amHnicmb 00 HABYAHHS MA CYXHAHICMb He GUAGUIU
3HAUHO20 6nausy Ha 2opmouanvhui cmamyc (F=0,91; P=0,41). Aunaniz egexmis
830eMO0II  6UABUE  3HAYHULU  38'430K  MIJNC  MACOWO  mMind, HNOBEOIHKOGUMU
xapaxkmepucmukamu (azpecis, cmpax) ma cmaodicto ecmpanviozo yukiy (F=2,24-2,92,;
P<0,005-0,001). Lle sxa3ye na me, wo iHOuBiOyaivHi Qizionociuni ma no8eodiHKo8i pucu
BNIUBAIOMb HA €HOOKPUHHY pe2Vaayilo penpooykmuenoi ¢yukyii y cyk. Ompumani
pe3yibmamu posuiupiooms po3yMIHHA pe2yIsamoOpHUX MeXaHIi3MI8 ecCmpaibHO20 YUKILY
cobax ma nioKpecuoms HeoOXIOHICMb 8PAXY8aHHs IHOUBIOYAILHUX XAPAKMEPUCTIUK
nio 4ac nAaHy8aHHs 6eMePUHAPHUX 8MPYYAHb MA NPOSPAM PO3BEOEHHS.

KiarouoBi cjioBa: mporecTepoH, eCTpalbHHA IUKI, COOAaKW, CTaH Tifa,
TEMIIEPAMEHT, PENPOAYKTHUBHA (YHKIIiSl, TOPMOHANIbHA PETYJISIIis.

Introduction. The reproductive function of dogs is a complex process that
depends on numerous factors such as physiological condition, age, breed, temperament,
and body condition. The reproductive cycles of dogs, in terms of physiological
neurohumoral regulatory mechanisms, are unique among domestic animal species. To
date, many physiological and clinical questions concerning the regulation of the estrous
cycle in dogs remain unresolved (Concannon, 2009; Martin et al., 2009). Existing
information on the individual characteristics of estrous cycle regulation in female dogs is
fragmented and ambiguous. In particular, data on the impact of age, body condition, and
temperament on the dynamics of sex hormones in the blood of Bull Terrier females are
lacking. A better understanding of the mechanisms involved in the establishment and
maintenance of pregnancy may be useful for elucidating the pathogenesis of some
common disorders and contribute to the development of better clinical protocols, ensuring
an individualized approach for each patient (de Carvalho Papa & Kowalewski, 2020).

The Corpus Luteum is a temporary endocrine gland formed after ovulation in the
ovary at the site of the Graafian follicle. The corpus luteum produces the hormone
progesterone, and its name derives from the characteristic yellow color of its content. In
dogs, the corpus luteum (CL) is the sole source of progesterone (P4) and estradiol (E2)
during diestrus (Papa & Hoffmann, 2011). The functional duration of the CL is
determined by endocrine, paracrine, and autocrine factors (Sousa et al., 2016). Local
growth factors, cytokines, and prostaglandins modulate CL function, creating a balance
that leads to luteal regression in non-pregnant dogs or luteolysis during pregnancy
(Mariusz P. Kowalewski, 2014). In pregnant dogs, the trophoblast acts as the fetomaternal
compartment responsible for synthesizing prostaglandin F2a (PGF2a), which actively
participates in prepartum luteolysis (Mariusz Pawel Kowalewski et al., 2010).
Progesterone (P4) is a steroid hormone responsible for preparing the endometrium for
implantation of the fertilized egg and for maintaining pregnancy. After implantation, the
corpus luteum continues to produce progesterone during the early stages of pregnancy
until the placenta develops and takes over progesterone production for the remainder of
gestation (Holesh, Bass, & Lord, 2023). Progesterone plays a pivotal role in fertility. The
expression and activation of the progesterone receptor (PGR) are essential for ovulation
(Park et al., 2020). Additionally, progesterone is critical for preparing the uterine
environment for implantation, embryonic development, and regulation of the estrous
cycle (Pereira, Mainigi, & Strauss 111, 2021).

Progesterone levels are widely used as a clinical biomarker in the reproductive
management of dogs (Conley, Gonzales, Erb, & Christensen, 2023). The variability in
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circulating P4 levels among dogs is associated with the number of ovulations and corpora
lutea (Concannon, Butler, Hansel, Knight, & Hamilton, 1978). In many species, plasma
progesterone concentrations increase with the rate of ovulation and the number of CL
(Knox, Vatzias, Naber, & Zimmerman, 2003). Adult dogs exhibit higher efficiency in P4
synthesis compared to younger ones, indicating that luteal endocrine activity undergoes
maturation as dogs transition from youth to adulthood (Marinelli, Rota, Carnier, Da Dalt,
& Gabai, 2009). Beyond its primary function, progesterone also belongs to the group of
neurosteroids. It is metabolized in all regions of the central nervous system (Hanukoglu,
Karavolas, & Goy, 1977) and possesses neuromodulatory, neuroprotective, and
neurogenic properties (Schumacher et al., 2004). These effects are mediated through
interactions with non-nuclear progesterone receptors such as mPR and PGRMC1, as well
as other receptors like 61 and nACh (Singh, Su, & Ng, 2013).

Unlike other domestic animals, the reproductive system of female dogs is
characterized by the absence of increased estrogen levels during pregnancy and before
parturition (Concannon, 2011), while luteal regression occurs despite elevated pituitary
hormone levels (Concannon, 2009). Elevated progesterone levels are also observed
during pseudopregnancy (Feldman, Nelson, Reusch, & Scott-Moncrieff, 2014).
Furthermore, significant individual variations in sex hormone levels have been observed
in female dogs (Concannon, Castracane, Temple, & Montanez, 2009). Previous studies
have indicated considerable variation in progesterone levels depending on the breed and
physiological condition of dogs. For instance, Luz (2006) demonstrated significant
individual fluctuations in P4 levels in the plasma of mixed-breed dogs, whereas these
variations were less pronounced in Beagle females. Moreover, the impact of age, body
weight, and temperament on reproductive efficiency has also attracted researchers'
attention; however, the consistency of data in these aspects remains insufficient.

This study aimed to determine the effects and differences in progesterone
dynamics in the plasma of female dogs depending on their individual characteristics such
as age, body weight, and temperament. The objective of the research was to identify key
factors influencing progesterone levels in female dogs and their interactions, which could
improve the understanding of hormonal regulation mechanisms and provide a scientific
basis for optimizing canine breeding programs.

Materials and methods. The experiment was conducted on 25 female dogs
(Canis familiaris) of the Bull Terrier breed of various ages, body conditions, and
temperaments. At the time of the study, all animals were clinically healthy, without signs
of infectious or parasitic diseases. Health status was assessed through clinical
examinations and laboratory analyses. To evaluate the humoral component of the
reproductive status of the females, the periods of fertility were determined using
folliculometry, vaginal cytology, and analysis of progesterone levels in the blood. Blood
samples were collected from the jugular vein during the following time points: =3, —1, 0,
2,4,9,23-30, 35-40, 55-60, and 120-150 days after the luteinizing hormone (LH) surge.
The progesterone content in plasma was measured using the "Progesterone — ELISA" kit
(HEMA, Ukraine) with a universal microplate reader ELx800 (Bio-Tek Instruments,
USA).

To assess the effect of age on blood progesterone levels, all female dogs were
divided into three age groups:

- Middle-aged animals: average age 4.8 years (range 3.5 to 6.2 years);

- Young animals: average age 1.4 years (range 15 to 18 months);

- Older animals: average age 8.6 years (range 8 to 9 years).

Body condition was evaluated at the start of the experiment using the Body
Condition Score (BCS) scale. This scale is a widely recognized tool for assessing body
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condition, fat accumulation, and nutritional status, with a range from 1 (emaciated) to 9
(morbidly obese). An ideal body condition score typically ranges from 4 to 5, reflecting
optimal physiological levels of muscle and fat (Pennsylvania, 2023).

Temperament traits were assessed at the planning stage of the experiment using
the standardized C-BARQ (Canine Behavioral Assessment & Research Questionnaire)
method. This instrument, developed at the University of Pennsylvania, is widely used to
evaluate the behavioral characteristics of dogs. Four main criteria were selected for
assessment: aggression, fear and anxiety, excitability, and learning and obedience.
Owners were surveyed using the standardized C-BARQ questionnaire (Serpell, 2015).
For the experiment, 12 groups of dogs (5 females in each) were formed based on
temperament traits. The same dog could belong to multiple groups depending on its
behavioral characteristics. Materials, sampling schemes, and analyses corresponded to
previous experimental protocols.

The obtained results of progesterone levels in the blood of female dogs of different
ages, body conditions, and temperaments were statistically analyzed using two-factor
analysis of variance with replication via the "Data Analysis" tool in Microsoft Excel 2019.

The experiment was conducted in compliance with the requirements of the Law
of Ukraine No. 3447-1V of February 21, 2006, "On the Protection of Animals from
Cruelty," as well as the principles of the "European Convention for the Protection of
Vertebrate Animals Used for Experimental and Scientific Purposes™ (Strasbourg, 1986).

Research results. The dynamics of progesterone (P4) levels in the blood of
female dogs throughout their estrous cycle exhibit significant fluctuations, which are
characterized by distinct changes depending on the phase of the cycle. During the
Proestrus phase, an initial increase in progesterone levels is observed. On day -3, the
hormone level was 0.61 ng/ml, rising to 1.40 ng/ml on day -1, which indicates a 129.5%
increase. This reflects the body's preparation for the next phase, accompanied by the
gradual activation of luteal cells.

In the Estrus phase, progesterone levels rise sharply. On day 0, the hormone
concentration reached 5.87 ng/ml, which is a 319% increase compared to the previous
day. This period is characterized by the highest hormonal activity, preparing the body for
ovulation and potential fertilization. On the second day, progesterone levels continued to
increase, reaching 6.90 ng/ml, indicating a 17.6% rise. In the following days (4th and
9th), progesterone levels rose further to 8.65 ng/ml and 9.49 ng/ml, respectively,
highlighting the gradual achievement of the hormonal peak in this phase.

The Diestrus phase is characterized by the highest progesterone levels, reaching a
maximum of 33.36 ng/ml on days 30-40. Compared to day 9, this represents a 251.4%
increase, indicating the active function of the corpus luteum, which supports the luteal
phase and potential pregnancy. However, by days 55-60, progesterone levels began to
decline to 16.11 ng/ml, demonstrating a 51.7% reduction. This indicates the conclusion
of the luteal phase and the body's preparation for a period of rest.

During the Anestrus phase, which is the phase of reproductive quiescence,
progesterone levels drop to minimal values. On days 120-150, the hormone level was
0.30 ng/ml, representing a 98.1% decrease compared to the peak observed in the Diestrus
phase. Such dynamics indicate the completion of the estrous cycle and the inactivity of
the reproductive system during this period.

Thus, the dynamics of progesterone levels in Bull Terrier females reflect the
complex physiological processes accompanying the estrous cycle. The maximum
progesterone values in the Diestrus phase underscore the importance of this hormone for
maintaining the luteal phase and pregnancy. Conversely, the minimal values in the
Anestrus phase signify the conclusion of hormonal activity and the body's return to a state
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of rest. These findings have significant practical implications for veterinary reproductive
medicine, particularly for breeding planning and diagnosing hormonal disorders.
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Fig. 1. Progesterone levels in the blood of Bull Terrier female dogs
throughout the estrous cycle (ng/ml, n=25).

A two-factor analysis of variance (ANOVA), the results of which are presented in
Table 1, revealed the influence of individual characteristics of female dogs on their blood
progesterone levels. Regardless of the studied characteristic (temperament, age, or body
weight), the stage of the estrous cycle was the determining factor influencing
progesterone levels (F = 79.8-173.0 > FU = 2.11; P < 0.001). Among the individual
characteristics of the dogs, body weight had the most significant effect on progesterone
levels (F = 16.3 > FU = 3.09; P < 0.001).

A minor but statistically significant effect of age on blood progesterone levels was
also observed (F = 3.65 > FU = 3.09; P < 0.05).

The temperament of the female dogs also influenced their blood progesterone
levels. Specifically, the impact of aggression was significant (F = 10.68 > FU = 3.09; P <
0.001), as well as the levels of fear and anxiety (F = 9.21 > FU = 3.09; P < 0.001) and
excitability (F = 7.6 > FU = 3.09; P < 0.001). In contrast, traits related to trainability and
obedience did not significantly influence blood progesterone levels (F = 0.91 < FU =
3.09; P =0.41).

It should be noted that the analysis of progesterone levels in the blood of female
dogs with varying body weight, aggression levels, and levels of fear and anxiety revealed
a significant interaction between factors (F = 2.24-2.92 > FU = 1.8; P < 0.005-0.001).
This indicates a statistically significant interrelationship between the individual
characteristics of female dogs and their estrous cycle.
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Table 1

Two-factor analysis of variance of progesterone levels in the blood of Bull Terrier

female dogs with varying age, body weight, and temperament

Factor SS |[df| MS | F | P-value | Feritical
Age of animals
Age 146,8 2 73,42 3,65 0,03 3,09
Stage of estrous cycle | 11242,9 | 7 | 1606,13 | 79,82 | <0,001 2,11
Interaction 197,6 14 14,12 0,70 0,768 1,80
Body weight
Body weight 356,7 2 | 178,34 16,3 < 0,001 3,09
Stage of estrous cycle | 13255,6 | 7 | 1893,65 | 173,03 | <0,001 2,11
Interaction 447.8 14 31,98 2,92 <0,001 1,80
Aggression level
Aggression 269,3 2 | 134,67 10,68 | <0,001 3,09
Stage of estrous cycle | 13448,2 | 7 | 1921,16 | 152,42 | <0,001 2,11
Interaction 427,2 14 | 30,51 2,42 0,006 1,80
Fear and anxiety level
Fear and anxiety 268,1 2 134,03 9,21 < 0,001 3,09
Stage of estrous cycle | 13016,6 | 7 | 1859,51 | 127,71 | <0,001 2,11
Interaction 455,9 14 | 32,56 2,24 0,011 1,80
Excitability level
Excitability level 189,4 2 94,72 7,60 <0,001 3,09
Stage of estrous cycle | 11592,7 | 7 | 1656,11 | 132,83 | <0,001 2,11
Interaction 250,8 14 | 17,92 1,44 0,151 1,80
Trainability and obedience
Trainability 35,6 2 17,81 0,91 0,407 3,09
Stage of estrous cycle | 12389,7 | 7 | 1769,96 | 90,21 <0,001 2,11
Interaction 96,2 14 6,87 0,35 0,985 1,80

Note. SS — sum of squares; df — degrees of freedom (humber of factor levels -1); MS — mean square; F —
factor evaluation criterion for its effect on the dependent variable; P — significance level; F critical —
critical value of the factor.

Based on the results of one-way analysis of variance, a significant effect (n2,) of
specific temperament characteristics, age, and body condition on the level of progesterone
(P4) in the plasma of bitches was established (Table 2). The analysis allowed identifying
specific time periods during which certain factors significantly influenced the hormone
concentration in plasma. The age of the bitches demonstrated a variable impact on
progesterone levels at different time points. Specifically, in younger animals, the effect
was statistically significant only on days 23-30 after the luteinizing hormone (LH) surge,
n% = 0.43 (P <0.05). In older bitches, pregnancy had a significant effect on progesterone
levels on day 9 after the LH surge (n?, = 0.52; P <0.05) and on days 35-40 (n?, = 0.50;
P <0.05).

The temperament of the animals proved to be an important factor in regulating P4
levels. For instance, aggression significantly influenced progesterone levels only on days
55-60 after the LH surge (1%, = 0.34; P <0.05). Conversely, the excitability of the animals
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had a significant effect on the hormone level both on the day of the LH surge (n?, = 0.34;
P <0.05) and on day 9 after the surge (n%,=0.35; P <0.05). The trainability and obedience
of the bitches significantly influenced progesterone levels only on days 35-40 after the
LH surge (n?, = 0.34; P <0.05). At the same time, no significant effect of fear or anxiety
on P4 concentration in plasma was detected.

Table 2
The Impact Strength of Individual Characteristics of Bitches on
Progesterone Levels in Their Blood Throughout the Reproductive Cycle

fthe R i |
Individual Stage of the Reproductive Cycle p—
Characteristics | Proestrus Estrus Diestrus Fus
of Animals
-3 -1 0 2 4 9 123-301(35-40 |55-60 120-150
Age Young (0,02 | 0,1 | 0,05 | 0,03 [0,04 | 0,06 | 0,43*| 0,15 | 0,01 | 0,10
g Old 10,311]0,34| 0,12 | 0,27 |0,4 | 0,52*| 0,14 [0,50*| 0,35 | 0,29
Under- |y 1 1019] 001 | 03 001 | 0,02] 003 | 011 | 003 | 008
. weight
Weight Over-
) 0,10 |0,00| 0,73 | 0,55 | 0,497 0,45*| 0,03 | 0,48*| 0,52* 0,00
weight
Agression 0,06 {0,00| 0,22 | 0,12 |0,11 | 0,18 | 0,05 | 0,22| 0,34* 0,04
Fear 0,25 |0,02| 0,02 | 0,03 |0,00 | 0,07 | 0,00 | 0,01 | 0,03 | 0,03
Excitability  |0,00 {0,04{0,34*| 0,2 |0,21 | 0,35*| 0,00 | 0,15 | 0,24 | 0,02
Trainingand oy 1 091 000 | 0,00 0,00 | 0,01| 0,01 | 0,05 | 0,00 | 0,34
obedience

Note: Values are significant at P < 0.05.

The results obtained indicate a complex interaction between physiological and
behavioral characteristics of the animals, which manifests during different time periods.
These findings emphasize the need to consider age and temperament traits when assessing
the reproductive status and hormonal profile of bitches.

Discussion. Our study confirms and expands upon existing data, highlighting the
significant interplay between individual physiological traits, body condition, and
temperament with hormone dynamics in female dogs throughout their reproductive cycle.
The findings align with the conclusions of Luz (2006), who reported substantial
individual variations in plasma progesterone (P4) levels in mixed-breed dogs (Luz,
Bertan, Binelli, & Lopes, 2006). However, our results demonstrate reduced variability
due to group control based on age and, importantly, breed. This is consistent with
additional findings by Luz, indicating that progesterone variability significantly decreases
within specific breeds, such as Beagles (Marinelli, Rota, Carnier, Da Dalt, & Gabali,
2009). The significant role of body size in influencing reproductive hormone dynamics,
as noted by Luz (Luz et al., 2006), is further corroborated in our study. The observed
lower variability in our results can be attributed to the selection of standardized breed-
based groups. Furthermore, our findings are in agreement with previous reports that large
breeds exhibit distinct hormonal profiles compared to smaller breeds due to metabolic
and physiological differences (Reynolds & Redmer, 1999).

Impact of age on reproductive parameters. While the literature presents
conflicting evidence regarding the effect of age on reproductive efficiency, our results
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align with retrospective observations from canine breeding clubs (Gresky, Hamann, &
Distl, 2005; Mutembei, Mutiga, & Tsuma, 2002). These studies noted reduced litter sizes
in older females and after multiple pregnancies, particularly in Dachshunds, where
younger females (<2.5 years) had smaller litters. Moreover, Marinelli's (2009) report of
higher ovulation rates in older females (Marinelli et al., 2009) corresponds to our
observation that older females exhibited more corpora lutea (CL) but reduced
progesterone production efficiency. Specifically, our data indicate that females aged 3-6
years demonstrate optimal progesterone levels compared to younger and older groups,
reflecting age-related characteristics of luteal tissue.

Body condition and hormonal regulation. Our findings on the impact of body
condition align with existing data identifying obesity as a prevalent issue in dogs (Cave,
Allan, Schokkenbroek, Metekohy, & Pfeiffer, 2012; O'Neill, Church, McGreevy,
Thomson, & Brodbelt, 2014). Studies have shown that adipose tissue functions as an
active endocrine organ, producing adipokines such as leptin, which negatively impact
reproductive efficiency (Burke, 2022). Elevated leptin levels, often observed in
overweight dogs, correlate with reduced fertility and altered hormonal profiles (Brannian,
Schmidt, Kreger, & Hansen, 2001). In our study, dogs with both excess and insufficient
body weight exhibited altered hormonal dynamics, particularly progesterone levels,
during the reproductive cycle. This supports the hypothesis that deviations from optimal
body condition can disrupt endocrine function.

Temperament and reproductive hormones. Temperament emerged as a key factor
influencing hormonal regulation. Our findings on the effects of aggression, excitability,
and fear align with reports linking these traits to physiological responses and reproductive
efficiency (Hecht et al.,, 2021; Zapata, Eyre, Alvarez, & Serpell, 2022). Genetic
predisposition to behavioral traits such as aggression and fear affects systemic functions,
including the reproductive system (Morrill et al., 2022). Notably, excitability, identified
as a central temperament trait in the evolutionary history of dogs (Rosati & Hare, 2013),
demonstrated the strongest association with progesterone levels in our study.

In contrast, traits such as trainability and obedience had no significant effect on
hormone levels, indicating that temperament traits directly linked to stress responses may
play a more critical role in endocrine regulation. This observation aligns with studies
highlighting the bidirectional relationship between stress, temperament, and reproductive
health (Cobb, Branson, McGreevy, Lill, & Bennett, 2015; Czerwinski, Smith, Hynd, &
Hazel, 2016).

Comparative and broader implications. The absence of menopause in female dogs
and their theoretical ability to reproduce throughout life represents a significant
physiological distinction from humans (Solano-Gallego & Masserdotti, 2016). However,
extended interestrous intervals and reduced hormone levels in older dogs increase the risk
of conditions such as pyometra (Blendinger & Bostedt, 1991). Our findings support the
hypothesis that hormonal profiles and reproductive efficiency depend on both intrinsic
and extrinsic factors, such as age, body condition, and temperament. Moreover, the
interplay between body size, temperament, and reproductive characteristics underscores
the importance of multifactorial approaches in breeding program planning and
reproductive management for dogs.

While the influence of temperament on hormonal profiles is often overlooked in
the literature, our study highlights its significance, particularly in light of genetic and
environmental influences on behavioral traits (Boyd et al., 2018).

The results of the one-way analysis of variance showed that individual
characteristics, such as temperament, age, and body condition, have a statistically
significant effect on the level of progesterone in the plasma of bitches at different periods
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of their reproductive cycle. This suggests that the physiological and behavioral
characteristics of animals influence the functioning of the endocrine system, which, in
turn, affects the reproductive process. The analysis demonstrated that the age of animals
has a variable impact on progesterone levels depending on the time after the luteinizing
hormone (LH) surge. In young bitches, a significant effect was observed on days 23-30
after the LH surge (P < 0.05). This may indicate optimal corpus luteum functionality in
young animals at this stage of the cycle. In older bitches, a significant impact was
observed on day 9 (P <0.05) and on days 35-40 (P < 0.05) after the LH surge. This may
be due to physiological changes in aging animals that affect progesterone synthesis and
secretion (Concannon et al., 1978; Holesh et al., 2023). The temperament of bitches also
affects progesterone levels at specific periods of the reproductive cycle. For example,
aggression had a significant effect only on days 55-60 after the LH surge (P < 0.05),
which may be associated with elevated stress levels affecting the endocrine system. The
excitability level significantly influenced progesterone concentration on the day of the
LH surge (P < 0.05) and on day 9 after the surge (P < 0.05). These results underline the
connection between an animal's reactivity and hormonal regulation, which is crucial for
the successful progression of the reproductive cycle (Sousa et al., 2016; Park et al., 2020).
A significant effect of trainability and obedience on progesterone levels was recorded
only on days 35-40 after the LH surge (n?, = 0.34; P < 0.05). It is possible that more
controlled behavior in animals creates conditions conducive to stable endocrine system
functioning. Using one-way analysis of variance, no significant effect of fear and anxiety
levels on progesterone concentration in plasma was found. This may indicate that these
behavioral characteristics have a lesser influence on hormonal status or that their effects
are compensated for by other factors (Schumacher et al., 2004; Singh et al., 2013).

The obtained data indicate the complex nature of progesterone regulation, which
depends on both physiological and behavioral characteristics of bitches. The study
highlights the importance of considering age and individual traits of animals in their
management, particularly in the context of reproductive management. Understanding
these relationships can be useful for developing tailored approaches to enhance
reproductive efficiency and animal welfare.

Conclusion. Our study provides new insights into progesterone dynamics in
female dogs, emphasizing the critical roles of body condition, temperament, and age in
modulating reproductive efficiency. The findings suggest that future research should
focus on exploring the mechanistic basis of these relationships, particularly the role of
temperament and its interaction with endocrine function. Furthermore, these results
underline the need for comprehensive management strategies in canine breeding
programs to optimize reproductive outcomes and overall health.
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The aim of our research was to establish reference values for acute-phase proteins
during obesity in horses. The study was conducted on 20 horses aged 5-10 years. The
control group included 10 animals with a body condition score (BCS) of 4—6 according
to the Henneke scale, while the experimental group consisted of 10 horses showing signs
of obesity (=7 BCS).

The serum concentrations of circulating immune complexes (CICs), seromucoids,
C-reactive protein (CRP), haptoglobin, total protein, and its fractions were measured. It
was found that the biochemical analysis of serum revealed statistically significant
changes in protein metabolism in obese animals. The total protein level in the
experimental group was 75.0 (71.5-76.5) g/L compared to 65.5 (61.8-72.0) g/L in the
control group (p<0.05), indicating increased protein synthesis. This increase was due to
a rise in globulin levels to 39.5 (37.8-42.0) g/L compared to 32.0 (30.5-36.0) g/L in the
control group (p<0.001), while albumin levels remained unchanged (30.5+1.2 g/L in the
experimental group and 30.1x1.1 g/L in the control group, p>0.05).

Among acute-phase proteins, the CRP level in obese horses was 5.62 (4.98-5.92)
mg/L, exceeding the values in the control group (3.19 (3.08-3.63) mg/L, p<0.01).
Seromucoids increased by 37.8% (3.21 (3.11-3.61) g/L compared to 2.19 (2.06-2.26)
g/L, p<0.001), and haptoglobin concentration reached 0.617 (0.581-0.678) g/L
compared to 0.462 (0.429-0.477) g/L in the control group (p<0.001). The level of CICs
in the experimental group was 160.0 (138.8-170.0) mmol/L, significantly exceeding the
values in the control group (116.0 (99.5-129.0) mmol/L, p<0.001). The albumin-to-
globulin ratio decreased from 0.74 in the control group to 0.61 in the experimental group
(p<0.01), indicating a predominance of the globulin fraction associated with chronic
inflammation.

We believe that the mechanism of these pathological changes is related to obesity
in animals and, possibly, to laminitis, the development of which is one of the pathogenic
links in metabolic syndrome.

Keywords: obesity, metabolic syndrome, inflammation, acute phase proteins,
laminitis.
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POJIb BLJIKIB TOCTPOI ®A3U 3AIIAJIEHHS B IATOT'EHE3I
METABOJITYHOI'O CUHJIPOMY ITIPY OKWUPITHHI Y KOHEN

Cepriit BOPOBKOB, xanauaaT BeTepUHApHHUX HAYK, JOLICHT
https://orcid.org/0000-0003-3021-2410
BixTopis BOMKO, https://orcid.org/0000-0002-8137-3399
HanionajbHuii HaykoBui HeHTP «[HCTHTYT eKcliepMMeHTAIbHOI i KJIIHiYHOL
BeTEePUMHAPHOI MeMUMHNY», XapKiB, YKpaiHa
Biktopis BOPOBKOBA, https://orcid.org/0000-0002-3422-9394
JepxaBHuii 0ioTeXHOJOTIYHMH YHiBepcuTeT, XapKiB, YKpaiHa

Memaboniunuti cuHOpom ma ONCUPIHHA )Y KOHell € MICHO MO8 SA3AHUMU MINC
coboto npoyecamu, KOMpPi CYNPoBOOHCYIOMbC XPOHIUHUM 3ananeHHAM. Memoro nawiux
0ocniddceHb OYI0 BCMAHOBNIEHHA HOPMAMUBHUX NOKA3HUKIE OLIKie 2ocmpoi ¢hasu
3ananenHs 3a 0xcupinms y Koweu. Jocrniodcenns npogedeno na 20 xowusix eikom 5—10
poxis. [lo konmponvhoi epynu ysitiwnu 10 meapun i3 oyinkoro cmauy mina 4—6 6anie 3a
wixkanoio Xenuexe, a 00 oocnionoi epynu — 10 Kowell i3 03Hakamu oxcupinms (=7 6anis).

B cuposamyi kposi eushauanu KOHYeHmMpayilo YupKyaronoyux —IMyHHUX
KOMNJeKCig, cepomykoiois, C-peakmugHo2o npomeiny, 2anmoziooiny, 3a2aibHo20 OLIKy
ma ozo ppakyit. Bcmanosieno, wo OIOXIMIUHULL AHANI3 CUPOBAMKU KPOBI BUABUS
CMamucmuyHo 3Ha4ywi 3MIHU Y NOKA3HUKAX OIIK0B020 Memabonizmy y meapuu i3
oxrcupinnsm. Pigenv 3aeanvnozo 6inka y docnionit epyni cmanosus 75,0 (71,5-76,5) o/n
npomu 65,5 (61,8-72,0) /1 y koumponsniti (p<0,05), wo exazye na niosuwenns cunmesy
oinkis. ITiosuwenns 6y10 3yMo61eH0 3pocmannam pisns 2nobyuinie oo 39,5 (37,8-42,0)
e/n y nopisusinui 3 32,0 (30,5-36,0) /1 y konmponsniu epyni (p<0,001), mooi sik pisens
anvoyminie 3anuwascs 6e3 3min (30,5€1,2 2/n y Oocniouiti epyni ma 30,1+1,1 2/n y
kowmponvnit, p>0,05). Cepeo 6inkie cocmpoi ¢aszu 3ananenns pigenv C-peakmusHo2o
npomeiny y meapun i3 odcupinuim cmaroeus 5,62 (4,98-5,92) me/n, wo nepesuwgysano
snauenns konmpoavnoi epynu (3,19 (3,08-3,63) me/n, p<0,01). Cepomykoiou spociu Ha
37,8 % (3,21 (3,11-3,61) npomu 2,19 (2,06-2,26) 2/n., p<0,001), a xonyenmpayis
eanmoanobiny oocsena 0,617 (0,581-0,678) /1 nopisnsano 3 0,462 (0,429-0,477) a/n y
koumponvnitl epyni (p<0,001). Pisenv yupkynowuux imyHuux xomniekcie (L[IK) y
oocnioniu epyni cmanosus 160,0 (138,8-170,0) mmonv/n., wo 3nauno nepesuwyysano
nokaznuku kowmpoavhoi epynu (116,0 (99,5-129,0) mmonv/n., p<0,001). ArvOymin-
2nobyninoge cniggionowents 3meHwunoca 3 0,74 y xoumponvhiu epyni 0o 0,61 y
docniouiti (p<0,01), wo exazye Ha nepesaxcanus 2100yniHO60I (ppakyii, o8 ’a3aHoi 3
XPOHIUHUM 3ANATEHHSM.

Ha nawy oymky mexanizm po3eumy yux namono2iuHux 3miH noe si3anuil siK i3
OJICUPIHHAM )Y MBAPUH, MAK 1, MONCIUBO, 13 JAMIHIMOM, PO3BUMOK AKO2O € OOHIEI0 i3
namo2eHemuyHUux J1aHOK MemaboiuHo20 CUHOPOMY.

Kurouosi ciioBa: oxxupinHs, MeTabOIIYHUNA CUHAPOM, 3arajeHHs, 01K TOCTpoi
¢a3u, TamiHIT.

Obesity of horses on the background of metabolic syndrome is characterized by
metabolic disorders, which can lead to serious consequences for animal health, especially
with a sedentary lifestyle or overeating (Carter R. A. et al., 2010). According to research,
a certain proportion of horses are overweight, which increases the risk of developing
obesity and metabolic syndrome. Some researchers believe that the etiology and
pathogenesis of obesity and the development of equine metabolic syndrome is similar to
that of humans, and includes insulin resistance, hyperglycemia, hyperlipidemia, and

176


https://www.sciencedirect.com/topics/medicine-and-dentistry/haptoglobin

g[
Hayxoeo-mexniunuii broremens Incmumymy meapunnuumea HAAH, 2025, Ne133 F=5

hypertension (Morgan R. et al., 2015). The pathogenesis of metabolic syndrome involves
a complex interaction between hormonal, metabolic, and inflammatory processes
(Durham A. E. et al., 2019). This leads to impaired carbohydrate and fat metabolism, as
well as changes in the function of the endocrine system, which can lead to the
development of cardiovascular diseases, obesity, laminitis and other diseases
(Karikoski N. P. et al., 2011).

The role of acute phase inflammatory proteins in the context of obesity in horses
has hardly been studied, although it is known that obesity in horses is often accompanied
by chronic inflammation, which plays a key role in its pathogenesis. Acute inflammatory
phase proteins are important inflammatory mediators and may be significant indicators
of the degree of low-level inflammatory response in obesity. Studying the role of proteins
in the acute phase of inflammation will allow us to understand the mechanisms by which
obesity affects the metabolism and health of horses. They can be important biomarkers
for diagnosing and assessing the severity of obesity in horses, as well as monitoring the
effectiveness of therapy (Menzies-Gow N. J. et al., 2017).

Acute inflammatory phase proteins are a group of proteins that are actively
synthesized in response to various stressors, such as injuries, infections, tumors, and other
pathological conditions (Bilous L. L. & Kovalchuk N. A., 2015) and can affect various
organs and tissues, including adipose tissue, liver, and muscle, leading to impaired energy
balance and the development of obesity characteristic of metabolic syndrome. They
perform a number of important functions, such as regulating the immune response,
correcting metabolism, protecting against infections, and forming a response to tissue
remodeling, antiviral protection, phagocytosis, regulating apoptosis, and other processes
related to protecting the body from harmful influences (Slivinska L. G. et al., 2017).
According to the literature, these proteins (APP) are key elements of the innate immune
system and are part of the acute phase response (APR). These proteins are mainly
synthesized by hepatocytes, and their production depends on cytokines. The main
inducers of these proteins are interleukin-6 (IL-6), interleukin 1 (IL-1), and tumor
necrosis factor alpha (TNF-a). As a rule, the reaction is non-specific and is associated
with infection, injury, or inflammation. However, other conditions, such as heat stress ,
childbirth, and intense exercise, have been associated with changes in app levels in
animals (Zak, A., 2020). Acute phase proteins, in addition to immune responses, are
actively involved in the body's inflammatory response and can be synthesized by cells,
including hepatocytes, monocytes, macrophages, fibroblasts, etc. It is also important that
inflammatory proteins can also be involved in the formation of inflammatory complexes,
protein complexes that play a key role in triggering the body's inflammatory cascade
response. The group of these proteins includes proteins whose concentration in the blood
serum during inflammation increases or decreases by at least 25 percent [Gotda R. et al.,
2004]. Such proteins are called positive or negative, respectively. Positive factors include:
C-reactive protein( CRP), fibrinogen, haptoglobin, ceruloplasmin, a number of
complement factors, as well as numerous proteinases and their inhibitors (Tkaczenko, H.,
2023). Negative reactants include prealbumin, albumin, and transferrin (Carter, R. A.,
2010). According to the literature, the synthesis of acute phase proteins in the liver in
conditions of obesity contributes to the activation of the connective tissue system and the
progression of fibrosis without the development of classical steatohepatitis. In addition,
factors of the hemostatic system are activated with the development of hypercoagulation
syndrome and the progression of dyslipidemia (Ranganathan S., 2001).

Thus, based on the functions of these proteins and their role, the aim of the study
was to determine the content of proteins of the acute phase of inflammation in horses in
normal and obese conditions.
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Materials and methods. Studies were conducted on twenty horses of different
breeds and sexes, from which age-appropriate groups were formed: clinically healthy
animals (n=10) and a control group with signs of obesity (n=10). Mostly horses were of
the Ukrainian riding breed, and partly local on its base. The body condition of each horse
was evaluated on a 9-point Henneke scale according to a visual examination of the
animals by a veterinarian.

The conditions of feeding and keeping animals met physiological needs. The diet
contained the necessary amount of nutrients, and access to water and the ability to walk
were free. Regular clinical examination of animals was carried out, including
determination of basic physiological parameters and examination of organs and systems
using general clinical methods. The control group included clinically healthy animals
with normal physiological parameters. The diagnosis of obesity was made according to
the Hennecke point system, where the first rank corresponds to exhaustion, and the ninth
corresponds to a very fat animal, the assessment was carried out by a veterinary doctor of
the farm. Blood was taken from the jugular vein directly into test tubes for further
biochemical studies. Blood was taken from the jugular vein on an empty stomach into
vacuum tubes with a volume of 10 cm? for further preparation of blood serum. In the
blood serum, such biochemical parameters as the concentration of Total Protein,
albumins, total globulins, haptoglobin and seroglycoids were determined using reagent
kits of Prjsc "Reagent" (Ukraine). The concentration of circulating immune complexes
was determined as described (Golda R. et al., 2004), precipitation of protein complexes
antigen antibody PEG 6000. Biochemical parameters were recorded on a SHIMADZU
UV 1800 spectrophotometer (Japan).

All animal studies were conducted in accordance with the basic principles of
Bioethics, in accordance with the European Convention for the protection of vertebrates
used for experimental and other scientific purposes (European convention..., 1986), and
the "general ethical principles of animal experiments”, adopted by the First National
Congress on Bioethics (Procedure for conducting..., 2012).

Statistical data analysis was performed using Minitab 19 and Minitab Inc. Based
on the results of statistical processing, the tables show nonparametric indicators, such as:
median, quartiles Q1 and Q3. A significant difference between the study groups was
established based on the calculation of the Mann—Whitney criterion (p<0.05).

Results. Detailed results of serum concentrations of circulating immune
complexes, seromucoids, reactive protein C, haptoglobin, total protein, and protein
fractions are presented in Table 1. however, it should be noted that horses did not have a
significant difference between the age of animals of different groups.

In the animals of the experimental group, a significant increase in the point
assessment of body condition was recorded to a median indicator of 7.0 (p<0.05), which
corresponds to the assessment of "well-fed animal”. Thus, probable differences between
the groups were established for almost each of the studied indicators.

Thus, according to the results of our studies, the level of circulating immune
complexes in obese horses was increased by 37.9% and reached the level of 160.0 mmol/I
(***p<0.001). It should also be noted that the concentration of circulating immune
complexes had a significant positive correlation (0.769) with the content of seromucoids,
which may be associated with chronic inflammation, which is often observed in obesity.

In this study, we found a 33.5% increase in haptoglobin levels to 0.617 g/l
(p<0.001) compared to the control group, which may indicate various pathological
processes in the body, including impaired liver function, as well as inflammatory
processes. In addition, the level of haptoglobin directly correlated with the age of the
animals (0.771) and the content of reactive protein C with a content of 0.781.
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Table 1
Results of acute phase protein concentration in the control and obese groups

Clinically healthy horses, n=10
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Median | 115 | 6,5 | 116,0 | 0,462 | 3,19 2,19 | 655 | 340 | 320

Q1 9,75 [ 575 | 99,5 0,429 | 308 | 2,06 | 61,8 | 32,0 | 305

Qs 12,25 | 7,00 | 129,0 | 0,477 | 3,63 2,26 72,0 | 36,0 | 36,0

Obese horses, n=10

. 160,0 | 0,617 | 562 | 3,21 39,5
Median | 12,0 | 7,0%| “200 | ot | 225 | 240 | 750% | 350 | SO

Q1 12,0 | 6,75 | 138,75 | 0,581 | 4,98 3,11 715 | 333 | 37,8

Q3 14,0 | 8,00 | 170,0 | 0,678 | 5,92 3,61 76,5 | 36,3 | 42,0
Notes:* - p<0.05, * * - p<0.01, * * * - p<0.001, compared to clinically healthy horses

We found that the content of reactive protein C increased by 76.2% (p<0.001) and
reached a level of 5.62 mg/L.

Also, the development of the inflammatory process in horses of the experimental
group is indicated by an increase in the level of globulins by 25.8 % (p<0.001), which
was 39.5 g/l against the background of an increase in the level of total protein to 75.0
G/L, which was 14.3% (p<0.05). Moreover, it should be noted that the level of albumins
has not undergone significant changes.

These data are supplemented by the aloumin-globulin ratio- the ratio of albumin
to serum globulin levels, which was 1.42 in healthy horses and 0.89 in obese horses,
which was 37.3% (p<0.05).

The results obtained in our study indicate that the content of seromucoids
significantly increased by 47.2 % (p<0.001) to the level of 3.21 G/L, compared with the
control group.

Discusion. Blood serum is a dynamic equilibrium system that consists of 70.0%
proteins, and the specifics of their metabolism reflect the state of almost all body tissues.

Circulating immune complexes can be formed by the interaction of antigens with
antibodies in the blood. When these complexes are formed in excessive amounts or cannot
be effectively purified by the body, they can trigger an inflammatory response.
Inflammation can result from the deposition of circulating immune complexes in tissues,
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where they activate inflammatory processes, contributing to tissue damage and the
subsequent development of inflammatory diseases (Tkaczenko H. et al., 2023). At the
same time, a high level of circulating immune complexes (especially those containing
Class G immunoglobulins) stimulates the suppressor activity of T cells
(Morgan, R., 2015). In addition, it is known that processes caused by the deposition of
circulating immune complexes in tissues can affect metabolism, causing insulin
resistance and other factors that contribute to the development of obesity (Stefaniuk-
Szmukier M. et al., 2023). The data obtained by US may indicate an increase in low-
molecular complexes, since according to the literature, low-molecular circulating
immune complexes have the greatest toxicity to body tissues, but the increased level of
high-molecular circulating immune complexes can be caused by the processes of
activation of functional systems of polymorphonuclear leukocytes and mononuclears, as
well as an increase in complement activity, which is a positive shift in the immune system
(Slivinska, L. G., 2017).

The next important proteins in the acute phase of inflammation are haptoglobin
and C reactive protein. Haptoglobin is a protein that binds free hemoglobin in the blood,
preventing its toxic effects. An increase in the level of haptoglobin in the blood can be
associated with various physiological or pathological conditions. It is known that
haptoglobin in horses is characterized by an increase in peritonitis or after surgery, can
be produced by adipocytes and is considered a marker of obesity (Johnson P. J., 2002),
and also acts as an antioxidant, reducing cell damage and suppressing inflammation by
reducing prostaglandin synthesis.

It is known that the content of reactive protein C in horses increases several times
during inflammation and obesity (Girardi F. M. et al.,, 2019). Reactive protein C
concentrations have been shown to increase in enteritis, pneumonia, and arthritis in adult
horses and foals. In addition, reactive protein C concentrations correlate with markers of
inflammation and increase during experimentally induced laminitis; however, others have
shown no differences in reactive protein C concentrations in obese horses (Johnson P. J.
et al., 2010). Also, the pathogenesis of increased C-reactive protein against the
background of immune system activation leads to the release of pro-inflammatory
cytokines, such as interleukin-1 (IL-1), interleukin-6 (IL-6), which is the main factor in
triggering this process and tumor necrosis factor (TNF-a) (Witkowska-
Pitaszewicz, O. D., 2019).

We found that the content of reactive protein C increased which completely
coincides with the studies of previous authors and may indicate both the development of
animal obesity and the subclinical course of laminitis with activation of the immune
system, which requires further research (Reynolds A. et al., 2019; Zak A. et al., 2020).

Because obesity is accompanied by low-grade chronic inflammation, and fat cells
(adipocytes) secrete various pro-inflammatory molecules, in particular cytokines. these
inflammatory factors can affect globulin levels because they stimulate the production of
acute phase proteins that include certain globulins (Tkaczenko, H., 2023). In turn, an
increase in the globulin fraction indicates a disorder of protein synthesis in the liver
against the background of metabolic processes (Johnson P. J., 2002). It should also be
noted that metabolic disorders - obesity can cause changes in the levels of hormones such
as insulin, leptin, cortisol, and others, which affects the production and level of globulins
in the blood (Carter, R. A.,.2010). These data are supplemented by the aloumin-globulin
ratio. A decrease in this ratio can occur in response to inflammation, when the liver directs
resources to produce pro-inflammatory proteins (globulins), as well as in the case of
chronic diffuse liver and kidney dysfunction (Duncan Jr., 2003).
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To differentiate between acute and chronic inflammation, there are discussions
about the role of seromucoids: they are indicated, given that they are a fairly sensitive
marker of inflammatory processes, during which their level increases several times. An
increase in seromucoids has been described in many inflammations of bacterial and viral
etiology. according to other data, seromucoids are considered markers of chronic
inflammation rather than acute (Galatyuk A. et al., 2018). In addition, normally
seromucoids are components of connective tissue, so when it is destroyed, they enter the
blood in significant quantities and are therefore considered markers of destructive and
degenerative processes (Witkowska Pitaszewicz O. D. et al., 2019). This can also be
evidenced by the corresponding correlation data on the direct dependence of the content
of seromucoids and the state of the body, circulating immune complexes and haptoglobin
and C reactive protein. According to some reports, seromucoids also correlated with body
mass index and adipose tissue content (Henneke D. R. et al., 1983), and the level of
adiponectin (Gotda R. et al., 2004). Therefore, in our opinion, the content of seromucoids
can be used as an integral indicator of proteins of the acute phase of inflammation in
horses with obesity.

Conclusions. Obesity in horses leads to a significant increase in the levels of acute
phase inflammatory proteins, which can be used as markers of inflammation in clinical
practice to assess the intensity of the inflammatory response and prognosis of the disease.
Determination of seromucoid concentration can be used as an integral indicator of acute
inflammatory phase proteins in horse obesity.
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The physiological response of horses to environmental and physical stimuli is a
critical aspect of equine health and performance. Among the various factors influencing
equine metabolism, photoperiod and exercise play an essential role in modulating
biochemical and physiological parameters. Seasonal variations in enzyme activity,
particularly aminotransferases, are of increasing interest in veterinary medicine and
equine sport science as these enzymes serve as biomarkers of liver and muscle function.
However, little research has investigated the combined effects of photoperiod and
moderate exercise on aminotransferase activity in recreationally ridden horses,
particularly considering sex differences. The aim of this study was to evaluate the role of
photoperiod and exercise in modulating plasma aminotransferase activity in mares and
stallions involved in recreational riding. By evaluating seasonal variations in aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) activity, this study aimed to
elucidate potential physiological mechanisms underlying these changes and to explore
sex differences. The study involved 21 healthy adult Shetland ponies (11 mares and 10
stallions) participating in recreational riding. Blood samples were taken before and after
exercise in each season over a period of one year. Aminotransferase activity was analysed
using standard biochemical assays and statistical analyses, including two-way ANOVA
and Pearson's correlation, were used to assess the effects of photoperiod, exercise and
sex. Seasonal variations significantly influenced ALT and AST activity, with different
responses between mares and stallions. In spring and summer, both sexes exhibited
elevated pre-exercise aminotransferase levels, followed by moderate post-exercise
fluctuations. In contrast, autumn and winter were characterised by a marked decrease in
post-exercise aminotransferase activity, suggesting seasonal metabolic adaptations.
Notably, mares and stallions showed different trends in enzyme activity, with stallions
showing more pronounced fluctuations in AST levels, possibly related to testosterone-
driven muscle metabolism. The results suggest that both photoperiod and exercise
significantly influence aminotransferase activity in horses, with sex differences playing a
crucial role. Seasonal metabolic adaptations appear to modulate enzymatic responses,
which may have implications for training and health management of recreationally
ridden horses. Future research should further investigate the endocrine mechanisms
underlying these seasonal and sex-specific variations in order to optimise equine health
and performance.
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Dizionociuna 6i0N0BI0bL KOHEU HA 6NAU8 YMO8 OO08KLLIA mMa I3UUHUX
HABAHMAIICEHb € BANCTUBUM ACNEKMOM IXHb020 300p08’s ma npodykmuenocmi. Cepeo
PI3HUX paxkmopis, wo niuearoms HA Memabdonizm Kowue, gomonepiod i ¢hizuune
HABAHMAdICEHHA 8I0icpaiomyb KIOY08y pofib Yy pe2yasayii Oloximiunux i iziono2iunux
napamempis. Ce30HHI KOTUBAHHS AKMUBHOCMI (hepMeHmis, 30Kpema amiHompancpepas,
Habysarms 6ce OLILUIOZO 3HAYEHHS Y 6eMEPUHAPHIU MeOUYUHi ma CNOPMUBHill HaAyyi
npo KoHel, OCKLIbKU Yi hepmenmu € biomapkepamu yHxkyii nevinku ma m’a3ie. Qonax
00Ci0JCEHb U000 NOEOHAHO020 6NIUBY (HOmMOonepiody ma NoMIpHO20 i3utHO20
HABAHMACEHHSI HA AKMUBHICMb aMiHOmpaHncgepas y KOHAX, WO BUKOPUCMOBYIOMbCSL
07151 pekpeayiinoi i30u, 0coOIUBO 3 YPAXYBAHHAM CMamesux 8iOMiHHOCmel, 00Ci OPAKye.
Memoro yvoeo docniodcenns 6yn0 oyiHumu poiv homonepiody ma QizuuHo2o mpeHiney
y pe2ynayii akmusHocmi aminompancghepas 6 cuposamyi Kposi kooun ma sxcepedyis, uo
BUKOPUCMOBYIOMbCSL 01 peKpeayiunoi i30u. AHanizyouu ce30HHi 3MiHU AKMUBHOCMI
acnapmamaminompancghepasu (AST) ma ananinaminompancghepasu (ALT), mu
HAMA2AnUcs 8U3HAYUMU NOMEHYIUHI (i3I0102TYHI MEeXAHIZMU, WO JIeHCamb 8 OCHOBI YUx
3MIiH, @ maxkodc oyiHumu cmamesi 8iOMiHHOCMI. Y Oocniddcenni 63sau yuacmo 21
dopocauti  300posuil  wemaanocokui noui (11 xobun i 10 owcepedyis), wo
BUKOPUCMOBYBANUCS 051 pekpeayitinoi i30u. [Ipobu kpoei iobupanucs 0o ma nicis
@Di3uuHO20 HABAHMANCEHHSI V) KOHCHOMY CE30HI NPOMSA2OM O0OHO20 DOKY. AKMueHicmb
amiHompancgepasz anHanizysaiu 3a 00NOMo20K CIMAHOAPMHUX DIOXIMIYHUX MemOo0i8, a
cmamucmuyna oopooxka ekaouania 08ogpaxmopuuil oucnepcivinui ananiz (ANOVA) ma
Kopenayiunui ananiz 3a Ilipconom Ona oyinku enausy gomonepiody, @izuunozo
Hasaumaoicenuss ma cmami. Ce30HHI 3MIHU cymmego enausanu Ha akmuenicms ALT ma
AST, npu yvomy peaxyis opeanizmy 6IOpI3HANACA MidC KoOunamu ma dHcepeoysmu.
Hasecni ma enimxy y npedcmasnuxie 000x cmameti cnocmepieaiucs ni08UWeHi pigHi
amiHompancgepaz 00 @i3uUHO20 HABAHMANCEHHS, NICNA 4020 HACMYNAAU NOMIDHI
KONUBAHHS iXHboi akmuenocmi. Hamomicmu ocinb i 3uma Xapakmepusy8anucs 3Ha4HUM
SHUIICEHHAM AKMUBHOCMI amiHOmpaucgepasz nicia Qi3uunoco HABAHMANCEHHS, WO
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Modice c8louumu npo ce30HHi Memabdoniuni adanmayii. Bapmo 6io3nauumu, wo y Kooun
ma dcepedyie cnocmepieanucs pisHi MeHOeHYii aKMueHOCmi hepmenmis, Npudomy y
arcepedyis xoausanus piens AST Oynu Oinvws eupadiceHumu, wjo, UMOGIPHO, NOG A3AHO 3
BNIUBOM MECMOCMEPOHY HA Memabonizm m 13i6. Ompumani pe3yiomamu c8iouams, ujo
AK pomonepioo, max i QizuuHe HABAHMANCEHHS MAIOMb 3HAYHUL BNIUE HA AKMUGHICIb
aminompatcgpepas y KoHetl, npuvomy cmamesi 6iOMIHHOCMI 8I0IepaOmv 8ANCIUBY POlb.
Ce3onni memaboniuni adanmayii Modxcyms MOOYI08aAMuU (hepMeHmamueHi peakyii, uwo
Mae 3HayeHHs OJisl MPEHYBAIbHO20 Npoyecy ma MOHIMOPUHSY 300p08°si KOHell, W0
BUKOPUCMOBYIOMbCsL 011 peKkpeayitnoi i30u. Ilodanvwi Odocniodxcenns maroms Oymu
30cepe0dceti Ha BUBUEHHI eHOOKDUHHUX MEXAHI3ZMIB, W0 IeHCaAmb 8 OCHOBI YUX CE30HHUX
i cmamegocneyuhiuHux 3MiH, 3 Memow onmumizayii 300po8’s ma NnpooOyKMueHOCMI
KOHel.

KaouoBi ciaoBa:  ¢oronepion, ¢i3uyHe HaBaHTaXCHHS, aKTUBHICTh
aMiHoTpaHcdepas, Ce30HHI 3MiHH, METa00J13M KOHEH, KOOI, x)epediri, pekpearriiina
i371a.

Introduction. The physiological response of horses to environmental and
physical stimuli is a critical aspect of equine health and performance. Among the various
factors influencing equine metabolism, photoperiod and exercise play an important role
in modulating biochemical and physiological parameters (Cappelli, K. et al., 2024). The
study of seasonal variations in enzyme activity, particularly aminotransferases, is of
increasing interest in veterinary medicine and equine sport science. These enzymes,
including aspartate aminotransferase (AST) and alanine aminotransferase (ALT), are
widely recognised as biomarkers of equine muscle and liver function (Satué¢ K. et al.,
2022). Their activity can be influenced by various extrinsic factors, including seasonal
changes in photoperiod and exercise intensity, both of which are relevant in the context
of recreational riding (Szwarocka-Priebe T. and Gill J., 1984; Kurhaluk N. et al., 2022;
Tkaczenko H. et al., 2024).

Photoperiod, defined as the duration of daylight within a 24-hour cycle, has
profound effects on mammalian physiology, including hormone secretion, metabolism
and immune function (Walton J.C. et al., 2022; Li, C. et al., 2025). In horses, seasonal
variations in photoperiod affect melatonin production, which in turn affects metabolic
and endocrine functions (Kunii, H. et al., 2015; viviD D. and Bentley G.E., 2018; O'Brien,
C. et al., 2020). Previous studies have shown that changes in day length can affect
haematological and biochemical parameters, including liver enzyme activity (Feriel J. et
al., 2021; Massanyi M. et al., 2022). However, the specific relationship between
photoperiod and aminotransferase activity in horses remains largely unexplored,
particularly in relation to sex differences in physiological adaptations.

Exercise is another important factor modulating metabolic activity and enzymatic
responses in horses (MacHugh D.E. et al., 2017; Ferlazzo A. et al., 2020). Regular
physical activity, such as recreational riding, affects muscle workload, oxygen demand
and metabolic pathways, potentially leading to transient fluctuations in plasma
aminotransferase levels (Smith J.A.B. et al., 2023). While high-intensity exercise has
been associated with increased AST and ALT activity due to muscle microdamage and
metabolic stress (Pettersson J. et al., 2008; Tiller N.B. and Stringer W.W., 2023), the
effect of moderate recreational riding on these parameters in mares and stallions is less
well understood. The interplay between exercise-induced muscle activity and
photoperiod-related physiological adaptations is an interesting area of research.

Sex differences in metabolic and enzymatic responses to exercise and
environmental stimuli are widely recognised in both human and veterinary medicine
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(Wickham K.A. et al., 2021; Alghannam A.F. et al., 2021). Mares and stallions have
different hormonal profiles which may contribute to variations in aminotransferase
activity in response to exercise and photoperiod shifts (Ferlazzo A. et al., 2020; Masko
M. et al., 2021; Kurhaluk N. et al., 2022). For example, testosterone has been implicated
in muscle metabolism and recovery processes, potentially leading to differential
enzymatic responses between the sexes (Handelsman D.J. et al., 2018; Gharahdaghi N. et
al., 2021). Similarly, estrogen levels may modulate metabolic functions and influence
plasma enzyme activity differently in mares compared to stallions (Haneda S. et al., 2021;
Asahi Y. et al., 2024). Understanding these sex-specific physiological mechanisms is
essential for optimising training and health management strategies in equine athletes.

Despite the recognised influence of photoperiod and exercise on metabolic
function, little research has focused on their combined effects on aminotransferase
activity in horses involved in recreational riding. Most of the existing studies have
investigated these factors separately or in the context of high performance equine athletes,
leaving a gap in knowledge regarding their relevance in non-competitive equine activities
(Clay C.M. and Clay J.N., 1992; McCutcheon L.J. et al., 1999; Beech J. et al., 2009;
Williams G.L. et al., 2012; Andriichuk A. and Tkachenko H., 2017). Given the
widespread participation of horses in recreational and therapeutic riding programmes, it
is crucial to understand how these environmental and physical variables interact to
influence the metabolic health of horses.

The aim of this study was to assess the role of photoperiod and exercise in
modulating plasma aminotransferase activity in mares and stallions involved in
recreational riding. By investigating seasonal variations in AST and ALT activity, as well
as potential sex differences, we aim to gain insight into the physiological mechanisms
underlying these changes. In addition, this research may contribute to the development of
improved management and training protocols for horses involved in non-competitive
equestrian activities.

Materials and methods.

Horses. The study was conducted in accordance with the guidelines of the Council
of the European Union and current legislation. Twenty-one healthy adult Shetland ponies
(11 mares and 10 stallions) from the Central Pomeranian region of Poland (Strzelinko,
N54°30'48.0" E16°57'44.9"), aged 6.5 + 1.4 years, were included in the study. All ponies
were involved in recreational riding. They were individually housed in box stalls and fed
a diet of hay and oats twice daily at 8:00 am and 6:00 pm, with unrestricted access to
water. A comprehensive clinical examination, together with haematological, biochemical
and vital parameter assessments, confirmed that all horses were within normal
physiological ranges. The mares included in the study were not pregnant or in estrus at
the time of sampling.

Training protocol. The exercise sessions started at 10:00 am and lasted 1 hour,
following a standardised sequence: walking (5 minutes), trotting (15 minutes), walking
(10 minutes), trotting (10 minutes), walking (5 minutes), galloping (5 minutes) and
walking (10 minutes). This protocol ensured a consistent workload across seasons and
individuals, allowing the assessment of seasonal and exercise-induced variations in
biochemical markers.

Blood sample collection. Blood samples were collected from the jugular vein in
the morning, 90 minutes after feeding, while the horses were resting in their stalls
(between 8:30 and 10:00). Post-exercise blood samples were collected immediately after
exercise (between 11:00 and 12:00). Samples were collected once per season over a one
year period: spring, summer, autumn and winter.
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Blood was collected in VACUETTE® CAT Serum Clot Activator tubes.
Aminotransferase activity (ALT and AST) was measured in serum obtained by allowing
whole blood samples to clot for 30 minutes at room temperature before centrifugation at
3,000 rpm for 10 minutes. The separated serum was stored at -80°C until analysis.

Assay of alanine aminotransferase (ALT) and aspartate aminotransferase
(AST) activity. Analysis of ALT and AST activity was carried out in serum with the
standard colorimetric procedure using a Randox Alanine Aminotransferase (ALT) Kit
(Cat. No. AL1205; Randox Laboratories Limited, Crumlin, UK), a Randox Aspartate
Aminotransferase (AST) Kit (Cat. No. AS3804) and a Randox RX Monza Clinical
Chemistry Analyser. The Randox assay gave within-run precision of <4.96%.

Statistical analysis. All statistical analyses were performed using the
STATISTICA 13.3 software package (TIBCO Software Inc., USA). The normality of the
data was assessed using the Shapiro-Wilk test. To assess the effects of season and sex on
ALT and AST levels, two-way ANOVA was performed, followed by post-hoc Tukey's
HSD tests to determine significant pairwise differences. Paired t-tests were used to
examine pre- and post-exercise changes within each season. Pearson's correlation analysis
was used to assess the relationship between photoperiod and enzyme activity. Effect sizes
were calculated using Cohen's d for paired comparisons and partial eta-squared (n?) for
ANOVA models. Statistical significance was set at p < 0.05 (Stanisz A., 2006, 2007).

Results. We studied the activity of aminotransferases in the blood of Shetland
ponies under the influence of three factors: photoperiod, sex and exercise. ALT activity
in the serum of Shetland pony mares and stallions before and after exercise during spring,
summer, autumn and winter is shown in Figures 1 and 2.

12 B Before exercise
HEAfter exercise

10 - " 971

*"

6

i ™

ALT, U-L-!

s
Mares Stallions Mares Stallions Mares Stallions Mares Stallions

Spring Summer Autumn Winter
Fig. 1. Alanine aminotransferase activity in the serum of Shetland pony mares (n = 11)
and stallions (n = 10) before and after exercise in spring, summer, autumn, and winter.
Statistically significant differences (p < 0.05) in the following dependency groups according to
the ANOVA post-hoc Tukey (HSD) test.
# — statistically significant difference between the parameter before and the parameter after
exercise (P-value < 0.05);
** _ statistically significant difference between different seasons (P-value < 0.05).
Results are expressed as mean + standard deviation.
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Analysis of pre- and post-exercise ALT activity revealed seasonal and sex
differences. In spring, both mares and stallions showed an increase in post-exercise ALT
levels, with mares increasing from 7.73 + 0.40 U/L to 9.18 £ 0.67 U/L and stallions
increasing from 7.95 = 0.49 U/L to 9.24 £ 0.65 U/L. A similar trend was observed in
summer, although mares showed a slight decrease in post-exercise ALT activity (8.96 +
0.39 U/L to 7.96 + 0.84 U/L), whereas stallions showed a slight increase (7.76 = 0.46 U/L
to 8.09 £ 0.75 U/L). In autumn and winter, a marked decrease in post-exercise ALT levels
was observed in both mares and stallions, with the greatest decrease in winter (mares:
9.35+0.43 U/L to 5.11 + 0.64 U/L; stallions: 9.01 = 0.97 U/L to 4.98 = 0.50 U/L). This
suggests a possible seasonal influence on the liver enzyme response to exercise (Fig. 1).

AST activity in the blood of Shetland pony mares and stallions before and after
exercise in spring, summer, autumn, and winter were illustrated in Figure 2.
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Fig. 2. Aspartate aminotransferase activity in the serum of Shetland pony mares
(n=11) and stallions (n = 10) before and after exercise in spring, summer, autumn,
and winter.
Statistically significant differences (p < 0.05) in the following dependency groups according to
the ANOVA post-hoc Tukey (HSD) test.
# — statistically significant difference between the parameter before and the parameter after
exercise (P-value < 0.05).
Results are expressed as mean + standard deviation.

AST activity also showed seasonal and sex-specific patterns. In spring, post-
exercise AST levels decreased in both mares (327.50 +47.23 U/L to 243.85 +27.16 U/L)
and stallions (346.56 + 50.84 U/L to 250.34 + 31.38 U/L). The highest pre-exercise AST
values were recorded in summer for both mares (362.71 = 59.92 U/L) and stallions
(363.32 £ 52.59 U/L), followed by a decrease after exercise (299.12 + 49.25 U/L and
301.29 £ 58.49 U/L, respectively). Similar decreases were observed in autumn and winter,
with AST levels decreasing significantly after exercise. Notably, stallions had lower pre-
exercise AST levels in winter (290.46 + 37.39 U/L) compared to other seasons,
suggesting possible metabolic adaptations to seasonal variations (Fig. 2).
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Overall, the results indicate that both ALT and AST activity respond dynamically
to exercise and seasonal changes, with clear differences between mares and stallions. The
most pronounced reductions in post-exercise ALT and AST levels occurred in autumn
and winter, suggesting a potential interaction between photoperiod, metabolic adaptations
and physical activity in recreationally ridden horses.

Discussion. The present study highlights the dynamic interplay between
photoperiod, exercise and sex in modulating plasma aminotransferase activity in
recreationally ridden horses. Our results suggest that seasonal variations significantly
influence both ALT and AST responses to exercise, with different patterns observed
between mares and stallions (Figures 1 and 2). The application of statistical analysis
further supports these observations and provides a deeper insight into the physiological
adaptations of horses to seasonal and exercise stimuli.

To further understand these variations, a two-way ANOVA revealed significant
main effects of season (p < 0.05) and sex (p < 0.05) on ALT and AST levels, confirming
that both factors contribute to variations in enzyme activity. Notably, a significant season
x sex interaction (p < 0.05) was detected for ALT, suggesting that the effect of
photoperiod on enzymatic response differs between mares and stallions. Post-hoc Tukey's
HSD tests indicated that ALT activity in mares was significantly higher in spring and
summer compared to autumn and winter (p < 0.01), whereas stallions showed a more
consistent response across seasons. Furthermore, paired t-tests revealed significant
changes in ALT and AST levels from pre- to post-exercise within each season. In spring
and summer, post-exercise ALT levels increased significantly in both mares (t = 3.12, p
= 0.012) and stallions (t = 2.89, p = 0.018). Conversely, a significant decrease in ALT
levels was observed after exercise in autumn and winter (mares: t = -4.21, p = 0.005;
stallions: t = -4.35, p = 0.004), suggesting possible metabolic adaptations to lower
temperatures and reduced daylight exposure. AST levels followed a similar trend, with
significant reductions after exercise in all seasons (p < 0.01), particularly in winter when
the greatest reductions were observed.

These seasonal metabolic adaptations appear to be closely related to photoperiod.
Pearson's correlation analysis revealed a strong positive correlation between daylight
duration and pre-exercise ALT levels (r =0.72, p = 0.003), supporting the hypothesis that
photoperiod exerts a regulatory influence on hepatic enzyme activity. Similarly, a
moderate negative correlation was observed between photoperiod length and post-
exercise AST levels (r = -0.65, p = 0.011), suggesting that prolonged daylight exposure
may enhance enzymatic recovery after exercise.

Effect size analysis further supported the observed seasonal differences. Cohen's
d values for pre- vs. post-exercise changes in ALT ranged from 0.81 (moderate) in
summer to 1.35 (large) in winter, indicating stronger exercise-induced responses in colder
months. The partial eta-squared (n?) from the ANOVA analysis suggested that season
accounted for 38% of the variance in ALT levels, while sex explained an additional 21%,
highlighting the importance of these factors in enzymatic modulation. In addition, the
coefficient of variation (CV%) was highest in winter (19.6%), indicating greater
individual variability in enzyme response compared to other seasons.

The complex interplay between photoperiod and exercise in equine metabolism
suggests that horses undergo physiological adaptations to environmental changes,
possibly mediated by hormonal and metabolic shifts. Increased daylight in spring and
summer may stimulate hepatic enzyme production, thereby increasing metabolic turnover
and energy utilisation (Small L. et al, 2023; Richardson R.B. and Mailloux R.J., 2023).
Conversely, shorter daylight in autumn and winter may down-regulate enzyme activity,
reducing metabolic demands in colder conditions (Cronise R.J. et al., 2014; Ingelson-
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Filpula W.A. and Storey K.B., 2021). The significant reduction in post-exercise ALT and
AST levels in winter may reflect increased metabolic efficiency or reduced muscle
workload in response to lower temperatures (Ingelson-Filpula W.A. and Storey K.B.,
2021). In addition, seasonal exercise-induced adaptations may differ, with higher
metabolic demands in warmer months leading to increased enzyme activity, whereas in
colder months horses may prioritise energy conservation over metabolic turnover
(Shephard R.J., 1993; Ebisuda Y. et al., 2024). The higher enzyme activity in spring and
summer suggests increased metabolic turnover and greater exercise-induced muscle
involvement during these seasons (Ferraro E. et al., 2014; Furrer R. et al., 2023).

In addition to enzymatic regulation, photoperiod plays a critical role in seasonal
coat change in horses through the secretion of melatonin and prolactin. Four longitudinal
studies by O'Brien C. et al. (2020) investigated whether extended photoperiod and warmth
(via mobile light masks and rugs) could influence seasonal coat changes. Their findings
emphasised that the timing of artificial light exposure is critical in managing coat growth
while maintaining thermoregulation, particularly in performance and breeding horses.

Further supporting the role of photoperiod in physiological adaptation, a study by
Hirokazu Kunii et al. (2015) investigated the effects of extended photoperiod (EP) on
gonadal function, coat condition and endocrine changes in Thoroughbred colts and fillies.
Results showed that EP accelerated winter hair loss and affected reproductive hormone
levels, leading to earlier ovulation in fillies. This suggests that photoperiod manipulation
could serve as a valuable management strategy in equine husbandry without causing
negative physiological effects. Building on these findings, Mutsuki Ishimaru et al (2024)
investigated the effects of extended photoperiod on the body composition of young
Thoroughbreds. Their results showed that EP treatment promoted muscle mass
development by accelerating fat-free mass (FFM) gain, further highlighting the influence
of photoperiod on metabolic adaptations in horses.

In addition to photoperiodic influences, temperature and acclimatisation strategies
play an important role in equine performance. The study by Ebisuda Y. et al. (2024)
investigated thermal acclimatisation in Thoroughbreds and showed improvements in
exercise performance, thermoregulation and cellular stress responses. Similarly, Cappelli
K. et al. (2024) examined environmental stress responses in animals and demonstrated
that high-intensity interval training (HIIT) enhanced muscle adaptation and that heat
acclimatisation improved mitochondrial function. These findings highlight the
importance of environmental conditioning in optimising equine athletic performance and
welfare.

This study is in line with our previous study (Kurhaluk N. et al., 2024) in which
we investigated seasonal, sex and exercise-induced variations in the activity of key
antioxidant enzymes [superoxide dismutase (SOD), catalase (CAT) and glutathione
peroxidase (GPx)] in Shetland ponies from the Pomeranian Voivodeship, Poland. The
results showed significant seasonal differences in SOD, CAT and GPx activity, with
increased enzyme sensitivity to exercise during the colder months. Mares showed a more
pronounced exercise-induced decrease in SOD activity compared to stallions, especially
in autumn and winter. In contrast, enzyme activity remained stable in spring and summer,
suggesting lower oxidative stress during milder seasons. Statistical analysis showed
significant seasonal differences, with a higher coefficient of determination for SOD (R?
= 0.45) compared to CAT and GPx. This study highlights gender differences in
antioxidant responses to exercise and the adaptive mechanisms influenced by
environmental conditions. The findings have practical implications for optimising
training programmes and antioxidant supplementation in equine management. Further
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research is needed to explore the underlying mechanisms of these differences and their
wider implications for animal health.

From a practical perspective, these findings have important implications for
veterinary assessment and training protocols for recreationally ridden horses. Regular
monitoring of liver enzyme levels over the seasons can help to identify abnormal
deviations from expected physiological patterns, thereby improving health management.
In addition, adjustment of exercise intensity and recovery strategies in response to
seasonal metabolic shifts may improve performance and welfare in equine athletes.
Further research into the interactions between photoperiod, temperature and exercise will
be essential to refine equine management strategies and optimise physiological
adaptations to different environmental conditions.

Conclusions. In conclusion, this study provides novel insights into the seasonal
and sex-specific variations in serum aminotransferase activity in recreationally ridden
horses. Statistical analyses confirm that both photoperiod and exercise significantly
influence enzymatic responses, with different patterns observed between mares and
stallions. The interplay between photoperiod-induced metabolic changes and exercise-
induced enzyme fluctuations highlights the need for seasonally adapted training regimes
to optimise equine health and performance. These findings contribute to a broader
understanding of equine metabolic adaptations and highlight the importance of
considering seasonal factors in equine health monitoring and management strategies.
Future research should explore the underlying hormonal mechanisms driving these
variations and investigate the potential implications for optimising performance in
different equestrian disciplines.

This research has been supported by Pomeranian University in Stupsk (Poland),
and it is cordially appreciated by the authors.
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The liver plays a critical role in maintaining metabolic homeostasis and immune
defence in fish, particularly in response to bacterial infections. Autophagy, a conserved
cellular process essential for homeostasis and pathogen clearance, has been implicated
in host defence mechanisms. However, the role of autophagy in the liver of vaccinated
fish following pathogen exposure remains largely unexplored. Yersinia ruckeri, the
causative agent of enteric redmouth disease (ERM), poses a significant threat to rainbow
trout (Oncorhynchus mykiss Walbaum) aquaculture, primarily affecting the liver, spleen
and kidneys. Vaccination is a widely used preventive strategy, but its effect on autophagic
activity during infection is not well understood. The aim of this study was to evaluate the
autophagic response in the liver of vaccinated rainbow trout following Y. ruckeri
infection by assessing the activity of four lysosomal enzymes: alanyl aminopeptidase
(AAP), leucyl aminopeptidase (LAP), acid phosphatase (AcP) and [-N-
acetylglucosaminidase (NAG). Rainbow trout were divided into experimental groups:
unvaccinated control, vaccinated uninfected, unvaccinated infected and vaccinated
infected. The fish were orally immunised with a Y. ruckeri vaccine and challenged with a
virulent strain of Y. ruckeri. The results showed significant differences in lysosomal
enzyme activity between groups, indicating that vaccination modulated the hepatic
autophagic response during bacterial infection. AAP and LAP activity peaked in
unvaccinated infected fish, whereas vaccinated fish exhibited a blunted enzymatic
response, suggesting that vaccination attenuated excessive autophagic activation.
Similarly, AcP and NAG activity patterns indicated an infection-induced autophagic
response that was partially attenuated in vaccinated fish. These results suggest that
vaccination influences autophagy-related enzymatic activity in the liver of rainbow trout,
potentially enhancing pathogen clearance while preventing excessive cellular stress.
Understanding the interplay between vaccination, infection and autophagy may provide
valuable insights to optimise vaccination strategies and improve disease management in
aquaculture.

Keywords: autophagy, liver, rainbow trout, Yersinia ruckeri, lysosomal enzymes,
vaccination, bacterial infection, metabolic homeostasis
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Ileuinka 6idiepae saxcaugy pons y niompumanHi MemaboniuHoi 2comeocmasy ma
IMYHHO20 3axucmy y pub, 0cobnuso y 8i0nosiob Ha bakmepianvhi inghexyii. Aymogacis,
KOHCep8amuHUull KIimuHHULL npoyec, HeoOXiOHUll Ol 20Meocmasy ma O4uUjeHHs 8i0
namoeeris, nog'sizana 3 mexaumizmamu zaxucmy opeauizmy. Qoumax ponv aymodgacii y
neyiHyi 8aKYUHOBAHUX puUb NIClA 6NIUSY NAMOLEHI8 3ANUUAEMbCS 8 OCHOBHOMY He
oocnioxcenoro. Yersinia ruckeri, 36yonux Kuwko6o2o epcuniosy, cmanosums CepuosHy
3a2po3y 0ns  possedenns pauodyscnoi ¢gopeni (Oncorhynchus mykiss Walbaum),
6NIUBAIOYU HAcaMnepeO HA NeYiHKY, CeNe3iHKy ma Hupku. Baxkyunayis € wupoko
BUKOPUCMOBYBAHOIO NPOPIIAKMUYUHOI0 cmpameziclo, ane il 6nau8 Ha aymogaziuny
akmugHicms nio uac iHgexyii ne 00 Kinys 3po3yminui. Memor yboco 0ocnioxicenus 6ynio
oyinumu aymodhaziuny 6i0nosiov y neuinyi 6akyuHo8aHoi paudyscHoi gopeni nicis
inghexyii Y. ruckeri, oyinowouu axmuseHicme YOMUPLOX NI30COMATLHUX (DEPMEHMIB:
ananinaminoenmuoasu (AAP), neiyunaminoenmuoazu (LAP), kucnomuoi ¢ocpamasu
(AcP) ma p-N-ayemunenroxozaminioasu (NAG). Pauioysxcny ¢openv nodinunu Ha
eKCNepUMEeHMAbHI 2PYNU: He8aAKYUHOBAHY KOHMPOJbHY, 8AKYUHOBAHY HeIHeKosany,
HeBAKYUHOBAHY 3apadiceny ma 6aKyuHosawy 3sapadiceny. Puby opanvHo imyHi3yeanu
sakyunoio 6i0 Y. ruckeri ma inghixyearu wmamom Y. ruckeri. Pezyrbmamu noxazanu
3HAYHI BIOMIHHOCMI 8 AKMUBHOCMI 1I30COMAIbHUX (DepMEHMIB MIXC 2PYNAMU, WO 8KA3)E
Ha me, Wo 8aKYUHAYISL MOOYIIOE aymoghaziuny 8i0n08iob neyinKu nio yac baxmepianbHoi
ingexyii. Axmusnicmo AAP i LAP Oocsena niky y HeBaKYUHOBAHUX 3aPAX’CEHUX puob, 8
Mol Yac K AKYUHOBAHI pUOU NOKA3ANU 3HUNCEHY eH3UMAMUYHY 8I0N08I0b, WO BKA3)E
Ha me, WO 6aAKYUHAYIsL NOCAAOUNA HAOMIpHY aymodghaciyny axmusayiro. Ananoeiywo,
namepuu axmuernocmi AcP i NAG exa3yrome na aymogaciyny 6i0nogiob, iHOYKO8AHY
inexyicro, sxka uacmkoso Oyna ocirabnena y eaxyurosanux pud. Lli pesyrbmamu
ceiouams npo me, WO BAKYUHAYIS GNIUBAE HA AKMUBHICMb aymoacii y neuinyi
PatioyxHcHOI hopeni, nomeHyilHO NOKPAWYIoUU OYUWeH s 810 Namo2eHia i 3anobicayu
HAOMIpHOMY KAIMuHHOMY cmpecy. Po3yminnsa 3aemo0ii midic saxyunayiero, iHgexkyicio
ma aymogaciero modxce Haoamu 8axiciugi sidomocmi Onsi onmumizayii cmpamezii
BaKYUHAYii ma NOKPAwjeHHs ynpasiiHHa 3aX60PI0SAHHAMU Y AKEAKYIbMYPI.

Karwuosi caoBa: ayrodaris, neuinka, paimyxkHa Qopenb, Yersinia ruckeri,
Jai3ocomanbHi  (pepMeHTH, BakIMHALiA, OakTepiasibHa 1H(eKUis, MeTaboMIYHUHI
roMeocTa3s.
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Introduction. The liver plays a crucial role in maintaining homeostasis and
immune defence in fish, acting as a central metabolic organ and a key component of the
innate immune system (Mokhtar D.M. et al., 2023). Autophagy, a highly conserved
cellular degradation and recycling process, is essential for cellular homeostasis, pathogen
clearance and immune regulation (Chun Y. and Kim J., 2018; Gomez-Virgilio L. et al.,
2022). In teleost fish, the autophagic process has been implicated in response to various
stressors, including infectious diseases (Johnstone C. and Chaves-Pozo E., 2022; Zhou Z.
et al., 2022). However, the precise role of autophagy in the liver of vaccinated fish
following pathogen exposure remains largely unexplored.

Yersinia ruckeri, the causative agent of enteric redmouth disease (ERM), is a
major bacterial pathogen affecting rainbow trout (Oncorhynchus mykiss Walbaum)
aquaculture worldwide (Kumar G. et al., 2015). This Gram-negative bacterium primarily
affects the liver, spleen and kidneys, resulting in severe economic losses in aquaculture
(Wrobel A. et al., 2019). Vaccination has been widely used as a preventive strategy
against ERM, significantly reducing mortality and improving disease resistance
(Villumsen K.R. et al., 2014; Wangkahart E. et al., 2019). However, the effect of
vaccination on cellular processes such as autophagy in the liver during Y. ruckeri infection
remains poorly understood.

Recent studies suggest that autophagy plays a dual role in bacterial infections,
acting both as a host defence mechanism and as a potential pathway for pathogen survival
(Desai M. et al., 2015; Zhou Z. et al., 2022). In mammals, autophagy has been shown to
eliminate intracellular pathogens, regulate inflammation and modulate immune responses
(Deretic V., 2021; Gan T. et al., 2023). Similar mechanisms are thought to exist in fish,
but empirical evidence remains limited (Zhou Z. et al., 2022). Understanding how
vaccination affects the autophagic response in infected fish may provide valuable insights
into the protective mechanisms underlying vaccine efficacy.

The liver, as a major immune and metabolic organ, is particularly sensitive to
bacterial infection (Tarasenko T.N. and McGuire P.J., 2017). During Y. ruckeri infection,
hepatocytes undergo significant cellular stress, which may induce autophagy as an
adaptive response. Activation of autophagy-related genes and proteins in response to
bacterial invasion may enhance the host's ability to eliminate pathogens and mitigate
tissue damage (Kroemer G. et al., 2010; Rahman M.A. et al., 2024). However, excessive
or dysregulated autophagy can also contribute to cellular dysfunction and a balanced
response is required for optimal liver function (Ke P.Y., 2019).

Studies in model organisms have shown that vaccination can modulate autophagic
pathways, potentially enhancing pathogen clearance and immune responses (Jang Y.J. et
al., 2019). In fish, the role of autophagy in vaccinated individuals remains an emerging
area of research (Kurhaluk N. and Tkachenko H., 2021). Investigating autophagic activity
in the liver of vaccinated and infected rainbow trout may provide new insights into how
vaccination affects cellular defence mechanisms against bacterial pathogens.

This study aims to assess the autophagic function of the liver in vaccinated
rainbow trout following infection with Y. ruckeri. By evaluating the activity of four
lysosomal enzymes — alanyl aminopeptidase (AAP), leucyl aminopeptidase (LAP), acid
phosphatase (AcP) and PB-N-acetylglucosaminidase (NAG) — we aim to determine
whether vaccination enhances or suppresses autophagic responses during bacterial
challenge. A deeper understanding of this process may contribute to the development of
improved vaccination strategies and disease management practices in aquaculture.
Elucidating the interplay between vaccination, infection and autophagy in rainbow trout
may have wider implications for fish health and the sustainability of aquaculture.
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Materials and methods.

Fish. Rainbow trout (Oncorhynchus mykiss Walbaum) with an average weight of
310-320 g were used in the experiment. The study was conducted at the Salmonid
Research Department of the Stanislaw Sakowicz Institute of Inland Fisheries in Olsztyn,
Poland. The fish were kept under controlled environmental conditions to ensure stable
water parameters: temperature of 14.5 + 0.5°C, pH of 7.5 and dissolved oxygen of
approximately 12 ppm. Supplemental oxygen was provided by aeration at a rate of 25
litres per minute under a 12 h light/12 h dark photoperiod. Fish were fed a commercial
pelleted diet using 12-hour fish belt feeders to ensure optimal food intake. Daily food
allowances were calculated according to established dietary guidelines.

All enzymatic assays were performed at the Department of Zoology and
Department of Animal Physiology, Institute of Biology, University of Pomerania, Stupsk,
Poland, using standardised protocols to ensure consistency and reliability of results.

Study groups. Fish were divided into two experimental groups: (I) an
unvaccinated control group and (I1) a group orally vaccinated against Yersinia ruckeri.
The fish were housed in 1000 L square tanks, with 150 fish per tank, under identical
environmental conditions. The vaccine was developed at the Department of Fish
Diseases, National Veterinary Research Institute in Putawy, Poland, according to a
patented process (Patent No. P.428259). The oral vaccine contained Y. ruckeri at a
concentration of 1 x 10° cells/ml, which was incorporated into the feed and administered
over three consecutive days. After vaccination, the fish were maintained in water at 14.5
+ 0.5°C and pH 7.5 for 60 days. The challenge test was performed on day 61 after
vaccination.

For the challenge test, 40 fish were divided into four subgroups (10 fish per
group): (1) uninfected control, (I1) infected control, (I11) vaccinated uninfected and (IV)
vaccinated infected. Experimental infection was induced with Y. ruckeri serotype O1,
biotype 2, isolated from an outbreak on a rainbow trout farm. Prior to infection, Y. ruckeri
was cultured on tryptone soy agar supplemented with 5% horse blood (Oxo0id®) at 25 +
1°C for 24 h. Fish were infected intraperitoneally with Y. ruckeri at a dose of 1 x 107
CFU/mL suspension.

The experiment lasted 10 days, during which time fish were observed three times
daily for behavioural changes, clinical signs and mortality. Cumulative survival was
assessed based on mortality counts. Swabs from the head kidney of deceased fish were
analysed to confirm Y. ruckeri as the cause of death. Mortality rates were expressed as
percentages, with n = 10 considered as 100%.

Sampling procedures. Fish were euthanised 10 days after challenge. The liver
was excised in situ. For lysosomal enzyme assays, liver tissue was rinsed with 0.15 M
KCI cold isolation buffer to remove blood before homogenisation on ice using a Potter-
Elvehjem glass homogeniser with a Teflon motorised pestle. The isolation buffer
contained 0.25 M sucrose and 2 mM EDTA, adjusted to pH 7.0 with KOH. Homogenates
(20% wi/v) were prepared for differential centrifugation according to the method of
DeMartino and Goldberg (1978). After centrifugation, the supernatant fractions were
resuspended in 50 mM acetic acid/sodium acetate buffer (pH 5.0) before storage and
further analysis. Isolated fractions were subjected to two freeze-thaw cycles to ensure
enzyme activation. Protein concentration was determined by the Bradford method using
bovine serum albumin as standard. The absorbance was measured at 595 nm. All assays
were performed in duplicate at 22 + 0.5°C, with enzymatic reactions initiated by the
addition of tissue supernatant.

Lysosomal enzyme assay. The activities of alanyl aminopeptidase and leucyl
aminopeptidase were determined spectrophotometrically according to the method of
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DeMartino and Goldberg (1978). The reaction was initiated by incubating 50 pL of
sample with 500 pL substrate incubation medium containing DMF (Serva, Germany) at
37°C, pH 6.0, for 60 min. The reaction was terminated by the addition of 500 pL stop
buffer containing Fast Blue BB salt dissolved in 2% Tween 20 (Sigma, USA). The
absorbance was measured at 540 nm. Alanyl aminopeptidase activity was determined
using L-alanyl-2-naphthylamine in 0.1 M PBS buffer, while leucyl aminopeptidase
activity was measured using L-leucyl-2-naphthylamine in 0.1 M PBS buffer (pH 7.0).

Acid phosphatase and B-N-acetylglucosaminidase activities were measured at 420
nm using 4-nitropheny! derivatives as substrates according to the method of Barrett and
Heath (1977). Enzyme activities were expressed as nmol per hour per mg protein.

Statistical analysis. Results are expressed as mean + S.D. Each data set was
processed separately using Statistica 13.3 (TIBCO Software Inc., USA). Normality of
data was assessed using the Kolmogorov-Smirnov test (p > 0.05), while homogeneity of
variance was assessed using Levene's test. Significant differences within and between
groups were determined using unequal sample size one-way analysis of variance
(ANOVA) followed by Tukey's post-hoc test. Correlation and regression analyses were
also performed to assess relationships between parameters. Differences were considered
statistically significant at p < 0.05.

Results. The activity of key lysosomal enzymes in the hepatic tissue of rainbow
trout of rainbow trout orally immunised against Y. ruckeri and challenged with Y. ruckeri
Is shown in Fig. 1.
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Fig. 1. The activity of key lysosomal enzymes [alanyl aminopeptidase (AAP),
leucyl aminopeptidase (LAP), acid phosphatase (AcP) and pB-N-
acetylglucosaminidase (NAG)] in the hepatic tissues of rainbow trout orally
immunised against Y. ruckeri and challenged with Y. ruckeri.

Data are presented as means + S.D. (n = 10).

* Significant differences (p < 0.05) between the untreated control group and the group challenged with
Y. ruckeri;

** Significant differences (p < 0.05) between the vaccinated group subjected to the Y. ruckeri challenge
and the vaccinated group;

# Significant differences (p < 0.05) between the untreated control group and the vaccinated group;

## Significant differences (p < 0.05) between the vaccinated group subjected to the Y. ruckeri challenge
and the group challenged with Y. ruckeri.
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The activity of four lysosomal enzymes — alanyl aminopeptidase (AAP), leucyl
aminopeptidase (LAP), acid phosphatase (AcP) and B-N-acetylglucosaminidase (NAG)
— varied significantly among the experimental groups, reflecting the influence of
vaccination and Y. ruckeri infection on liver function in rainbow trout.

AAP activity had the highest mean value in the unvaccinated and challenged
group (562.11 £ 98.78 nmol-h*mg? protein), indicating a pronounced enzymatic
response to bacterial infection. The vaccinated and unchallenged group showed increased
AAP activity (415.54 + 124.1 nmol-h™-mg™ protein) compared to the untreated control
group (325.21 + 87.11 nmol-h™-mg? protein), indicating a possible vaccine-induced
priming effect. However, the vaccinated and challenged group showed AAP activity
(411.89 + 85.47 nmol-h"t-mg™? protein) comparable to the vaccinated and unchallenged
group, suggesting that vaccination attenuated the infection-induced increase in AAP
activity (Fig. 1A).

LAP activity followed a similar trend, with the highest value observed in the
unvaccinated and challenged group (358.01 + 87.58 nmol-hmg? protein). This
significant increase suggests that infection resulted in an enhanced proteolytic response.
The vaccinated and challenged group had a lower LAP activity (252.12 £ 56.04 nmol-h”
L.mg? protein) than the unvaccinated and challenged group, but it remained higher than
in the vaccinated and unchallenged group (170.69 + 22.11 nmol-h*mg? protein). The
untreated control group had the lowest LAP activity (132.33 £+ 10.2 nmol-hl-mg
protein), highlighting the baseline enzyme levels in unstressed fish (Fig. 1B).

ACP activity was significantly increased in the unvaccinated and challenged group
(485.47 + 124.1 nmol-h’*-mg? protein), indicating increased lysosomal degradation
processes in response to infection. The vaccinated and challenged group had intermediate
ACP activity (314.25 + 56.2 nmol-h"*-mg? protein), suggesting that vaccination attenuated
the infection-induced increase in lysosomal activity. The vaccinated and unchallenged
group had slightly higher AcP activity (258.21 + 121.2 nmol-h™*-mg? protein) than the
untreated control group (219.45 + 58.33 nmol-h*mg? protein), possibly due to the
immune stimulation associated with vaccination (Fig. 1C).

In contrast to the other enzymes, NAG activity showed an inverse trend, with the
lowest activity observed in the unvaccinated and challenged group (85.16 = 10.2 nmol-h”
L.mg? protein). This decrease suggests a possible exhaustion of lysosomal function under
intense infection stress. The vaccinated and challenged group showed higher NAG
activity (111.5 £ 16.45 nmol-h>mg? protein), suggesting a partial restoration of
enzymatic function by vaccination. The highest NAG activity was observed in the
untreated control group (171.25 + 14.22 nmol-ht:mg? protein), followed by the
vaccinated and unchallenged group (135.2 + 16.25 nmol-h™-mg™ protein), suggesting that
both infection and vaccination affect NAG activity differently from the other lysosomal
enzymes (Fig. 1D).

Collectively, these results indicate that bacterial infection significantly alters
lysosomal enzyme activity in the liver of rainbow trout, with vaccination playing a
modulatory role in attenuating infection-induced enzymatic changes. The observed
differences in enzyme activity between groups highlight the potential impact of
vaccination in regulating lysosomal function during pathogenic challenges.

Discussion. The observed variation in lysosomal enzyme activity between
experimental groups highlights the complex interplay between bacterial infection and
vaccination in modulating liver function in rainbow trout. The significant increase in
AAP, LAP and AcP activities in the unvaccinated and challenged groups is consistent
with previous studies indicating that bacterial infection triggers lysosomal activation as
part of the immune response (van der Vaart M. et al., 2012; Pérez-Stuardo D. et al., 2020;
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Chiang Y.R. et al., 2022). The marked elevation of these enzymes suggests an enhanced
proteolytic and degradative response to Y. ruckeri infection, likely associated with the
breakdown of damaged cellular components and pathogen clearance (Menanteau-
Ledouble S. et al., 2020).

Vaccination appeared to attenuate the infection-induced increase in lysosomal
enzyme activity. The vaccinated and challenged group had lower AAP, LAP and AcP
activities than the unvaccinated and challenged group, suggesting that prior immunisation
reduced the inflammatory response and cellular damage caused by the pathogen. This
finding is consistent with reports indicating that effective vaccination limits excessive
lysosomal activation by enhancing adaptive immune mechanisms, thereby reducing
reliance on lysosomal degradation pathways (Zwack E.E. et al., 2015; Osterloh A., 2022).

Interestingly, NAG activity followed a distinct pattern, with the lowest levels
observed in the unvaccinated and challenged groups (Fig. 1D). This decrease suggests
potential lysosomal dysfunction under severe infection stress, possibly due to depletion
of cellular resources or enzyme inactivation caused by prolonged immune activation. The
partial restoration of NAG activity in the vaccinated and challenged groups further
supports the protective role of vaccination in maintaining lysosomal function. These
results corroborate previous findings highlighting the immunomodulatory effects of
vaccination in fish species, where vaccine-induced immune priming prevents excessive
metabolic stress on lysosomal pathways (Du et al., 2022).

The moderate increase in AAP, LAP and AcP activities in the vaccinated and
unvaccinated groups compared to the untreated control group suggests that vaccination
alone affects lysosomal function, probably through the stimulation of immune-related
metabolic processes. Such effects have been documented in other teleost species, where
activation of the immune system following vaccination leads to transient metabolic
adjustments in hepatocytes (Aluru N. and Vijayan M.M., 2009; Mussap M. et al., 2024).

In our previous study (Kurhaluk N. et al., 2024), we investigated oxidative stress
biomarkers, antioxidant and lysosomal enzyme activity, and biochemical parameters in
the liver of rainbow trout vaccinated against enteric redmouth disease and challenged
with Y. ruckeri. The results showed that in unvaccinated fish, Y. ruckeri infection
disrupted the oxidative balance, increasing lipid peroxidation, oxidative protein
modification and lysosomal enzyme activity, while reducing total antioxidant capacity.
In contrast, vaccinated fish showed increased glutathione-related enzyme activity,
reduced lipid peroxidation and lower lysosomal enzyme activity after infection compared
to unvaccinated and challenged fish. These results suggest that vaccination mitigates
oxidative damage and modulates enzymatic responses in fish exposed to Y. ruckeri
(Kurhaluk N. et al., 2024).

We also evaluated the time-dependent effects of Y. ruckeri vaccination on
oxidative mechanisms by assessing key biomarkers of lipid peroxidation [2-thiobarbituric
acid reactive substances (TBARS)] and protein oxidation [aldehyde and ketone
derivatives of oxidatively modified proteins (OMP)], antioxidant defences [superoxide
dismutase (SOD), catalase (CAT), glutathione reductase (GR), glutathione peroxidase
(GPx), total antioxidant capacity (TAC)] in rainbow trout liver tissue (Tkaczenko H. et
al., 2023). A concentrated Y. ruckeri vaccine was incorporated into the fish feed and
administered three times at two-day intervals. Fish were euthanised at 31, 61 and 181
days post vaccination for liver tissue analysis. Vaccination against Y. ruckeri did not
significantly alter TBARS levels, but reduced aldehyde and ketonic OMP derivatives,
particularly in the first and second months after immunisation. Glutathione-dependent
enzyme activity increased, particularly at one and six months post-vaccination, with the
highest TAC levels observed at two and six months. The results suggest that vaccination-
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induced oxidative stress in liver tissue triggers adaptive responses through transient
activation of antioxidant and lysosomal enzymes. In addition, vaccination affected
lysosomal membrane permeability, particularly for carbohydrate cleavage, following
activation of the immune system against Y. ruckeri. Antioxidant defences were generally
preserved, as evidenced by the maintenance or increase in CAT, GR and GPx activity
after vaccination. These results highlight the role of oxidative mechanisms in the immune
response and the potential of vaccination to modulate lysosomal and antioxidant enzyme
activity in rainbow trout (Tkaczenko H. et al., 2023).

Collectively, these findings highlight the critical role of lysosomal enzymes in the
immune response to bacterial infection and provide further evidence for the beneficial
effects of vaccination in modulating lysosomal activity. Further research is needed to
elucidate the long-term effects of vaccination on lysosomal function and to explore the
potential metabolic trade-offs associated with immune stimulation in fish.

Conclusions. The present study demonstrates that Y. ruckeri infection
significantly alters lysosomal enzyme activity in the liver of rainbow trout, reflecting an
enhanced proteolytic and degradative response to bacterial challenge. Vaccination played
a modulatory role by attenuating the infection-induced increase in AAP, LAP and AcP
activities, while partially restoring NAG activity, suggesting its protective effect in
maintaining lysosomal function. The moderate increase in lysosomal enzyme activity in
the vaccinated and unvaccinated groups further suggests that vaccination alone affects
metabolic and immune processes in hepatocytes.

These findings highlight the importance of lysosomal enzymes as potential
biomarkers for assessing infection severity and vaccine efficacy in fish. Future research
should investigate the long-term metabolic consequences of vaccination and its impact
on immune homeostasis in aquaculture species. Understanding these mechanisms could
help to optimise vaccination strategies and improve disease resistance in farmed fish
populations.
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IMPABHJIA O®OPMJIEHHS TA IPUMIOMY CTATEH 10
«HAYKOBO-TEXHIYHOI'O BIOJIETEHIO IHCTUTYTY TBAPUHHUILITBA

HAAH»

IIpuiiom crarTeil MPOBOAMTHCS 32 NMPABUJIAMHU, IO Y3ro/:KeHi 3 BUMOTaMHU

MOH Ykpainn.

Jo «HTb IT HAAH» npuiiMaroThCsi CTaTTi MPOOJIEMHO-TIOCTAHOBYOIO Ta

y3arajibHIOI0YOT0 XapaKTepy, B SKUX BUCBITIIOIOTHCS PE3YIbTaTH HAYKOBUX JOCIIKEHb
13 CTATUCTUYHUM OIPAIIOBAHHSM JAHUX, SIKI MAIOTh TEOPETUYHE 1 MPAKTUYHE 3HAYCHHSI.

3a HasABHOCTI 3HAYHMX YAaCTHH BXKE€ OITyOJIIKOBAHMUX TEKCTIB UM EKCIIEPHUMEHTAIbHUX

JAHUX PYKOIMUCH BIIXWISIOTHCSA. OpUTriHABHICTh TEKCTY — He MeHIe 80 %.

HTB myOGumikye cTarTi 3a CrieliaJbHOCTAME: CiIbChbKOTOCIIoapchbki Hayku (204 —
TEXHOJIOT1Sl BUPOOHMIITBA 1 IEPEpOOKH MPOIYKTIB TBapuHHUIITBA, H1 — arpoHomis) ta

H6 - BeTepunapHa MeaunuHa.
daiiny Ha3UBaTH 3a MPI3BUILEM MIEPIIOT0 aBTOPA Ta HAYKOBOT'O HANIPSIMKY CTATTi,
nanpukian: «Kyuepenko arponomis» abo «Kucherenko_ahronomiyay.

Texniuni BUMOru:

Dopmam ¢hatiny 3 pykonucom - MS Word (*.doc, *.docx)
Dopmam cmopinok - A4,

Opienmayis - KHUKKOBA,

Lpughm - Times New Roman

Mixcpsaoxosutl inmepsan - 1,0

Ulupuna nonie — 2,5 cM, 1iBoro — 3,5 cm

Ab6zaynuii giocmyn — 1,25 cm.

Pykonucu mnpuiiMaroThCs YKpaiHCHKOIO Ta aHIJIMCBKOW MoBaMu. JKypHai
BUJIA€THCS aHTIIIMCHKOI0 MOBOIO. Penakinisi Hajjae mepexsia.
3aranpauii o0csar cratti 10-20 ctop. (He Mentne 15 Tuc 3HaKiB 3 mpobOiiaMu, 6e3
aHoTarlii, 6i6miorpadiunoro crucky ta GoTo).

Crpykrypa
CTATTI

Ingexc YK

Ha3sBa crarri

ABTOpPCHKI 1aHi

Adinmianis

AHoTanisa
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BHUKJIIOYKA 3a JIIBUM KpaeMm 0e3 ab3arHoro Biacrymy, 12 pt

BEIMKHMHU JIITEpaMH, BUKJIIOUKAa 10 LeHTpy. 14 pt,
HaMBXUPHUM HIpUdTOM

He Ginbie 5-tu aBTOpIB.

Im’st Ta mpi3BUILE (TOBHICTIO), HAYKOBUHN CTYIiHB, 3BaHHS, KOJI
ORCID, e-mail. (ko aBTop He 3apeectpoBanuii B ORCID,
MOTPIOHO CTBOPUTH OOJIKOBHM 3amuCc 3a TMOCHJIAHHSIM

).

HaniBxupHuM, BHKIIOYKA MO HEeHTpY, 12 pt. Opranizaiis
(micue poOoTH), MICTO, KpaiHa.

Kypcusowm, 12 pt, ne menme 1800 3HakiB 3 nmpodiamu.


http://orcid.org/
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B aHotarii nmakoHiyHO Ta 1H(GOPMATHBHO OMHUCYIOTHCSA JaH1
IIOA0 MICIS TMPOBEACHHS JOCHIKEHHS, OCHOBHI Pe3yJIbTaTH
Ta IX mpakTW4Ha 1iHHICTE, HE BKa3yeThcs MeTa Ta MeToqu
poboTH.

He moxHa B aHOTamiio KOMiIOBAaTH pEYEHHS Ta ab3auu 3
PO3ALIIB CTATTI.

Kurouogi ciioBa KprH.B om, 12 pt,
5-7 cniB a0 CIIOBOCIIONYYEHbD.

Buxirouka mo mupusi, 12 pt

1-2 crop.

Y po3aii  BUCBITIIIOETBCS CY4YaCHHW CTaH pPO3MIISIHYTOT
npobiemMu, HaykoBa HOBH3Ha pOOOTH, aHANI3YIOTHCS
JNOCH/DKEHHsT Ta myOumikamii 3a ocTaHHI 5  POKIB,
OOTPYHTOBYETHCSI AKTYaIbHICTh, HAIMIBXHPHUM BHIIISETHCS
MeTa JO0CJHiIKeHHsl. B KOXHOMY TIOCHJIaHHI KOPOTKO
PO3KPUTH CyTh Ta PE3yJbTaTH JIOCTiIKEeHb aBTOpa (-iB), SIKi
UTY0ThCS. [TocnnanHs Ha JliTepaTypy HEOOXIIHO MO/IaBaTH y
KPYIJIHX AyXKax (...), Hanpukian: (Ivanov A. V., 2023; Zlobin
S. E. et al., 2022a). SIkmo moTpiOHO 3a3HAYUTH MMOCHJIAHHS
BCEpEeIMHI PsAJIKa, BAPTO BKA3yBaTH TUIBKHU PIK Y (), HAIPUKIA;
Tumommmu M. (2023) y cBoiit po6ori ....".

B ogHOMY MocuiaHHI He BapTO IUTYBATH OLJIbIe 3-0X HKEped.

Beryn

Marepiasim ~ Ta | 3a3Ha4yaeThCsl 00 €KT MOCTI/DKEHHS Ta EKCIIepUMEHTalIbHA
MeTOaH 6a3a. BuxmageHa meronoJioris MOBHMHHA JaTH MOXKIIUBICTb
JAOCJiIZKeHb MOBHICTIO BIATBOPUTH Bari qocmiakeHHs.

Po3ain exkcriepuMeHTanbHOI CTaTTI MOBHHEH CKJIaJaTH He
Menie 70 % Big obcsry crarTi (He BpaxoBYIOUM aHOTAIIM Ta
6i0miorpadii) 3 TMOBHMM OOIPYHTYBaHHSM OTPUMAaHUX
HayKOBHUX PE3YJIbTaTIB.
Tabnuui, pucyHku Ta GopMysIH MOBUHHI OyTH IPOHYMEPOBaHi
Ta MojaHi Micys MOCHWIAHHS Ha HUX Yy TeKcTi. CioBo “Tabauys
__” mHcaTH COpaBa KypCHBOM 3 HOMEpPOM apabChbKUMHU
uuppamu. 3aro10BoK Ta0JIMLI — HAMIB)XUPHUM, BUKITIOUKA 110
ueHtpy. IlocunmanHs Ha TaOAMIIO Yy TEKCTI BKa3ylOTh
PesyabTarn CKOpPOUYEHO Tepen po3MimeHHaM Taonuii. [Ipumitku 10
JAOCJTiIZKeHb Tabmuii — KypcusoM, mpudt 10 pt, 6e3 ab3anHOro BiACTYIY.
®opMyu — CTBOPIOBATH Y pelakTopi (popmysa, BUKIIIOUKA IO
LEHTPY. 3a HasABHOCTI y TEKCTiI MOCHJIAHHS Ha (opmyiy, ii
HYMEpPYIOTh apaOChKOI0 MTUPPOI0 Y KPYTIIHX AyKKaxX 3 IPaBOTO
Kparo B Mexax (opMaTyBaHHS CTOPIHKH.
3aronoBok pucynka (Ilpukmax: Puc. 1. Haspa.) -
HamiBKUPHUM, BHKIIOYKAa IO IIHpHHI, Oe3 ab3alHoro
BifcTyny. Ha ko’keH pHCYHOK MOTpiOHO POOUTH B TEKCTI
nocuiaHHs — (pUC. ). YMOBHI MO3HAYEHHS Ta MIAMKCH Ha
pucyHky — mwpudt 10 pt.
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Y 1mpomy po3aim HEOOXITHO 31CTaBUTH PE3yJIbTaTH BIACHHUX
JOCHIUKEHb 3 pe3ysbTaTaMd pOOIT I1HIIMX aBTOPIB, SKHX

Oo0roBopenHs 7o . . :
IUTYBAJIA Y BCTYIHIA YaCTHHI, 1[0 HAHOUIBII OJIM3BKI 0 TEMH
JIOCIIKEHHS.

BucHoBKH PekoMeH1y€eThCsl HAaBOJIUTH MIPOHYMEPOBaHI BUCHOBKH.
Po3zin He € 000B’I3KOBUM, Y HbOMY BHCJIOBJIIOETHCS TOJSIKA
opragizaiissM 3a IIOCHJIBHY TEXHIYH OIIOMOTY; 171€T;

Honssku p a Y y 12 Yy, 11el;

(biHaHCOBY MIATPUMKY, 3aBISIKHM SKOMY JOCIHIDKEHHS CTalo
MOXITUBHM.

Jlxepena po3TamoByBaTH B aildaBiTHOMY TOpsAIKy, 0e3
HyMeparii.
B exkcnepumenTtanbHiil cTarTi moBMHHO OyTtu He MeHiie 20
JDKEpen, B OrIsAaoBii — He MeHIIe 40, mepeBakHO 3 HAYKOBUX
BUJIaHb, SIKI 1HJEKCYIOThCS B HAYKOMETPUUHHUX 0a3ax Scopus
ta Web of Science 3a ocransi 5 pokis, 90% mxepesn MOBHHHI
Martu DOI abo enekTpoHHi mocuiaaHHsa. He MoxHa mocuiaTuch
Ha HEHAYKOBY JiTeparypy (Hal[lOHaIbHI CTaHIAPTH, TEXHIYHI
YMOBH, KOHCIIEKTH JISKIIIi TOIIIO).
3a moTpebu mMOCHIaHb HAa NATEHTH, CTAHAAPTH, TEXHIYHY
JOKYMEHTAIIi10, 1X pOOUTH SIK 3HOCKU BHU3Y CTOpiHKH, ane HE
Bioaiorpadgiunmii | BKJIIOYATH B CIIMCOK JIITEPATYPH.
CIIUCOK Crig yHuKaTu nocuianb Ha cBoi poOoTH - He Oinbire 10 %.
Bkasyrotbcst npizBumie Ta ininiaau Beix (!) aBTopis. IHimiamm
MUY ThCS MICIs MPI3BUILIA.
Crucok mitepaTypu OQOPMIIOETHCS JIMIIE JIATMHMIIEIO.
AHTTIOMOBHI ~ TOCWIAaHHS  O(QOpPMIIOIOTBCSL  3TIAHO 3
3apyOiKHUMU Oi0siorpagiyHUMH cTaHAapTamu, cTuib APA

EnemMeHTH CHHCKY YKpaiHCBKOIO Ta pOCIHCHKOIO MOBOIO
noTpibHO  TpaHciitepyBath.  Jlng  TpaHcmiTepamii 3
YKpalHChKOI0O MOBU BUKOpHUCTOBYeTbesa Ilacmoptuuit (KMY
2010), a 3 pociiicekoi — ctangapt: BGN. Cnin yHukatu
MOCWJIaHb Ha JITepaTypy KpaiHH-arpecopa.

Crarri HagcniaaTu Ha aapecy: 61026, Byn TBapunnukis 6ya. 1-A m. Xapkis, [T
HAAH, ximu. 27 “Penakuis HTb IT HAAH®. Ten.: (099) 310-67-09. EnexktponHi
BapiaHTH cTaTel HajcuiIaTu Ha aapecy: labinform@i.ua
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