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TexHonorii yTpuMaHHS, rogie/is, CeNeKyisi TBapHUH T1a
rnepepobKa ripo[yKLUil TBaAPUHHNL TBI

Technologies of housing, feeding, selection of animals and
processing of livestock products

DOI 10.32900/2312-8402-2024-132-4-13
UDC 636.2.053.26
RELATIONSHIP OF THE CULLING OF FIRST-BORN COWS
FROM THE HEARD WITH THE SCORE OF LINEAR TYPE
TRAITS UNDER VARIOUS HOUSING

Natalia ADMINA, CandAgrSc., SR, http://orcid.org/0000-0001-5224-2640
Olexandr ADMIN, CandAgrSc., SR, http://orcid.org/0000-0002-5070-8926
Livestock farming institute of NAAS of Ukraine, Kharkiv, Ukraine

The results obtained in breeding plants indicate the influence of the technology of
housing primiparous cows on their score of linear type traits. The influence of this factor
ranged from 0.4% (p<0.01) to 2.9% (p<0.001). It was found that when stall housing,
animals with a high assessment of body depth, angularity, and rear legs had a lower
percentage of abandonment from the herd compared to animals with an average and low
assessment of these traits (p<0.05). The results obtained when determining the
percentage of abandonment of cows with different score of fore udder attachment
indicate a greater staybility of first-born cows with a high assessment of this trait, which
was 7.5-11% higher compared to animals with a lower score. The assessment of the
central ligament of the udder (1.3%; p<0.05) and the depth of the udder (1.3%; p<0.05)
had a probable impact on the abandonment of first-born cows from the herd. The number
of animals that left the herd during the study period with a low assessment of the central
udder ligament was higher by 0.7-13% compared to animals with a high and average
assessment. A similar relationship between the loss of animals was established with the
assessment of the depth of the udder (by 8.8-17.1%). The culling of first-born cows
depending on the assessment of body structure traits in free housing, according to our
data, probably depended only on one factor - the slope of the sacrum. The strength of the
impact of the assessment of this trait was 2.9%. It is important to note that the percentage
of animals leaving the herd with an average assessment of the slope of the sacrum was
the lowest. When comparing the trends in the influence of the body structure traits of first-
born cows on the level of their loss from herds under different methods of maintenance,
it was found that, unlike tied housing, under free housing, there was a tendency to
increase the percentage of culling first-born cows with a high growth assessment. Also,
cows with a wide chest and a deep body had the highest risk of culling compared to the
group of animals with average linear score indicators. There was a slight decrease in the
percentage of culling of first-born cows with an increase in the score for the dairy type
in both housing methods, animals with the desired posture of the hind limbs and a high
score of the central ligament of the udder and body condition.

Keywords: dairy cattle, housing technology, body type traits, survival, culling.
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3B’SI30K BUBYTTSI KOPIB-IIEPBICTOK I3 JITHIMHOIO
OLIHKOIO TUITY BYJIOBHU iX TLJIA 3A PI3HUX TEXHOJIOI'TI
YTPUMAHHA

Haranis AJIMIHA, x. c.-T. H., CT. JOCJIIIHHK, TIPOB. H. C.,
http://orcid.org/0000-0001-5224-2640
Ounexcanap AJIMIH, k. c.-T. H., C. H. ¢., http://orcid.org/0000-0002-5070-8926
Incruryr TBapunnuuTea HAAH, XapkiB, Ykpaina

Ompumani y niemMiHHUX 3a800aX pe3yibmamu 6KaA3yMy HA HAAGHICIb 6NIUEY
MexXHOI02Ii YMPUMAHHSA KOpie-nepsicmok Ha 6y0osy ix mina. Cunia eniugy yb020 YUHHUKA
koausanacsy 6i0 0,4 % (p<0,01) oo 2,9 % (p<0,001).

Bcmanosneno, wo 3a npus’siznoco ympumaHua meapuHu 3 UCOKOK OYIHKOIO
2nUOUHU myayoa, Kymacmocmi, nocmagu 3a0HIX KiHYIBOK MAau MeHWUll 8i0COmMOK
subymms 3i cmaoa y NOPIGHAHHI 3 MEAPUHAMU 13 CePeOHbOI0 MA HUZLKOK OYIHKOIO YUX
oznax (p<0,05). Pesyromamu ompumani npu 6usHauyeHui 8i0Comka subymms Kopie i3
PI3HOI0 OYIHKOIO UCOMU NPUKPINJIeHH 3A0HIX YACMOK GUMEHI 8KA3VIomb HA OLIbuLy
30epesiceHicmb nepsicmoK i3 8UCOKOI0 OYIHKOI Oanoi o3naku, sika oyna wa 7,5-11 %
BUWOI0 V' NOPIGHAHHI 3 MBAPUHAMU, SKI MAnU HUMNCYY OYIHKY. Bipocionuil eéniug Ha
6UOYMMSL NEPBICMOK 31 CMAda Mana oyinka yenmpaivHoi 36 szku eumeni (1,3 %, p<0,05)
ma enubunu eumeni (1,3 %, p<0,05). Kirvxkicmv meapun, axi eubyiu 3i cmaoa 8
docaiddcysanuil nepioo, i3 HU3bKOK OYIHKOIO YEeHMPATbHOL 368 '3KU UMEHT OY1a 8ULOIO
Ha 0,7-13 % y nopigHanHi 3 meapuHamu 3 BUCOKOI0 MA CEPeOHbOI OYIHKOI0. AHAN02IUHUL
36 30K 6UOYMMsL MEAPUH BCMAHOBICHO 3 OYIHKOW 2aubunu sumeri (na 8,8-17,1 %).
Bubymmsa nepgicmok 3anesxicHo 6i0 oyinku o3Hax 6y008u mina 3a 60e3npus’s3H020
VIMPUMAHHS 30 HAUWUMU OGHUMU 8IPO2IOHO 3ANeXHCAl0 Jule 8I0 OOHIEI cmami — HAXUTY
kpuoicie. Cuna eniugy oyinku yici o3naxu cmanosuna 2,9 %. Bascnuso 8ioznavumu, o
8I0COMOK BUOYMMSA MEAPUH 3i cmMada 3 CepeoHbol0 OYIHKOK HAXUTLY Kpuxicie 0y8
HAUMEHUUI.

Ilpu nopisnsanui menoenyitl 6niugy 03Hax 0y008U Mila NepeicmMoK HA pPiGeHb ix
subymms 3i cmao 3a pi3HUX cnocodig YMPUMAHHA 6CMAHOBIEHO, WO HA BIOMIHY 8i0
npus’si3Ho20 3a 0e3Npus’3H020 YMPUMAHHIL CHOCMEPIeanach MmeHOeHYis 30i1bUuleHHs
8i0comKa BUOPAKYBAHHS NEPBICMOK 13 8UCOKOW OYinkolo pocmy. Takodic Hausuuyuti
PUSUK UOYMMSL MANU KOPOBU 3 UUPOKOIO 2PYOHOIO KIIMUHOIO Mda 2AUOOKUM MY1YOOoM
NOPIGHAHO 3 2PYNOK MBAPUH 13 CepeOHIMU NOKA3HUKAMU  JIHIUHOI  OYIHKU.
Cnocmepizanocy He3naune 3MeHWIEHHS GIOCOMKA  BUPAKYBAHHS NEPICMOK I3
RIOBUIYEHHAM OYIHKU 3a MOJOYHULL mMun 3a 000X CnocoOi8 YMpUMAHHI, MEAPUH i3
banxcanow nocmasoro 3a0HIX KIHYIBOK MA BUCOKOI0 OYIHKOW YEHMPAIbHOI 38 S3KU
BUMEHT MA 620008AHOCII.

Knrouoegi cnosa: monouna xyooba, mexHono2isi ympumanHs, 03HaKu muny 6yoosu
mina, 30epedxiceHicmo, UOYmMmSI.

Introduction. The practice of using cattle has convincingly shown that the
economic efficiency of milk production largely depends on the duration of its productive
longevity (Pidpala T. and Zaitsev Ye., 2018). Intensification of dairy cattle breeding leads
to a significant reduction in the life span of cows, as a result of which the average term of
their use on dairy farms is limited to only 3-4 lactations (Karatieieva O. I., 2019).
Therefore, the modern approach to improving dairy cattle is shifting from milk production
traits to functional traits, such as longevity and body type traits (Tapki I. and Guzey, Y. Z.
2013; Stanojevi¢ D. et al., 2018). Although body type traits have low to medium
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heritability (Bohlouli M. et al., 2015; Susanto A. et al., 2018), they are registered in a
single database, which makes them reliable and relatively inexpensive for inclusion in
national cattle breeding programs (Némcova E. et al., 2011). Therefore, the selection of
animals by exterior type is of leading importance in the aspect of genetic improvement of
herd productivity and longevity of cows (Camara Y. et al., 2019; Rodriguez-Bermudez
R. etal., 2019). Only animals with good health, adapted to the harsh conditions of use in
industrial complexes, can guarantee high lifetime productivity and longevity (Berry D. P.
2018; Kern E. L. et al., 2015). Improved lifespan of dairy cows is associated with
increased profitability due to reduced need for replacement heifers to maintain herd size,
higher average herd productivity (Williams M. et al., 2022) and greater opportunity for
selective culling (van Pelt M. L., et al., 2015). In studies by foreign scientists, it was
reported that the location of the front teats, udder depth, front udder attachment and
location of the rear teats had a greater impact on cow culling compared to other linear
type traits (Imbayarwo-Chikosi V. E. et al., 2016). Other researchers have estimated a
higher risk factor for animals with deep udders and weak and loose anterior and posterior
attachments. The relationship between the stature of the posterior udder attachment and
longevity (Zavadilova L. and Stipkovda M., 2012) and between the anterior udder
attachment and longevity (Dube B. et al., 2009) has also been confirmed by other authors.

Limb and hoof problems, as well as other musculoskeletal problems, are the third
most common problem and cause of culling of dairy cows after reproductive problems
and mastitis (Sulayeman M. and Fromsa A., 2012; Kerslake J. I. et al., 2018). In numerical
terms, losses due to lameness were associated with a decrease in milk yields of affected
cows, which accounted for 40% of total losses, 34% of treatment costs and a decrease in
conception rate — 26% (Olechnowicz J. and Jaskowski J. M., 2011). Extremely saber-
shaped legs and low hoof angle also increased culling (Morek-Kopec M. and Zarnecki A.,
2012).

Since scientists have established a high positive correlation between linear traits
and longevity traits (Novotny L. et al., 2017), studying the relationship between traits of
the body type of animals and their duration of economic use is a relevant task.

In this regard, the aim of the work was to study the dependence of the culling of
first-born cows on the traits of their body type under different housing technologies.

Materials and methods of research. The work was carried out at the State
Enterprises of the State Farm "Kutuzivka™ and "Hontarivka™ of the Kharkiv region and
the State Enterprises of the State Farm "Stepne" and the Decembrists of the Poltava
region. The first three enterprises are breeding plants for the Ukrainian black-and-white
dairy breed, the fourth is the Ayrshire. The milk yeald for one cow in the specified period
was more than 6000 kg of milk. At the dairy complex of the State Farm "Kutuzivka" the
first-born cows are kept free on long-term straw bedding. At the farms of the State Farm
"Hontarivka", "Stepne" and the Decembrists of the State Farm "Agroprogress"” they are
kept tied.

To determine the patterns of influence of body type traits, a linear assessment of
animals was carried out using the ICAR scale (Khmelnychyi L. M. et al., 2008).
According to the linear assessment method, each of the traits had its own value and was
evaluated with scores from 1 to 9. Scores 1 and 9 are the extreme values of the traits. The
assessment was carried out visually. In the period 2013-2021, 569 first-born cows were
assessed for tethered maintenance and 501 for free-range maintenance. Depending on the
results of the assessment of individual linear features of the body structure type of
animals, they were divided into 3 groups: low score - 1-3 points, average score - 4-6
points and high score - 7-9 points.
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The percentage of cows leaving the herd was calculated as the ratio of the number
of animals that left the herd in the period from the assessment of the body structure type
of animals to their second calving. Analysis of variance was used to process the
experimental data.

Research results. At the beginning of the research, differences in the assessment
of first-born cows by the characteristics of the body structure type of animals under
different technologies of their maintenance were considered (Table 1).

Table 1
Evaluation of first-borns by linear type traits and their culling rate under
different housing (x+SE), points

. Housin Effect

Indicators stall g free Total size, %
Stature 6,30+0,05 6,71+£0,05 | 6,49+0,04 | 2,9***
Chest width 531+£0,04 | 5,16+0,05 | 5,24+0,03 | 0,5**
Body depth 5,61+0,05 5,41+0,06 | 5,52+0,04 | 0,7**
Angularity 5,91+0,04 | 5,69+0,05 | 5,81£0,03 | 1,2%**
Rump angle 5,09+0,04 5,37£0,04 5,22+0,03 | 2,2***
Rump width 523+0,04 | 5,36+0,05 | 5,29+0,03 | 0,4**
Rear legs 5,57+0,04 5,91+£0,06 | 5,73+0,04 | 2,0***
Legs rear view 5,11+0,05 4,74+0,06 4,94+0,04 | 1,8***
Foot angle 3,99+0,04 4,25+0,05 4,11+0,03 | 1,5***
Fore udder attachment 4,92+0,07 5,38+0,08 5,14+0,05 | 1,8***
Rear udder height 5,06+0,05 4,69+0,05 4,88+0,04 | 2,6%**
Central ligament of the udder 4,96+0,07 4,54+0,07 4,76+0,05 | 1,6%**
Udder depth 5,78+0,06 5,44+0,06 5,62+0,04 | 1,6***
Front teat position 4,27+0,04 4,07+0,05 4,18+0,03 | 1,0%**
Rear teat position 5,77+0,05 6,13+0,06 5,94+0,04 | 2,0***
Teat length 4,37+0,04 4,57+0,04 | 4,46+0,03 | 1,2***
Body condition 4,84+0,04 4,78+0,04 | 4,81+0,03 | 0,1
Number of cows that were
eliminated before the second | 0,23+0,02 0,1540,02 0,194+0,01 | 1,0***
calving, %

Note: ** p<0.01; *** p<0.001

According to the results of the analysis of variance, only for the assessment of
body condition, insignificant differences were observed in the score of the characteristics
of animals kept using tethered and untethered technologies. For all other indicators of
linear assessment of the exterior, the differences were significant (p<0.05). The influence
of the method of keeping on these indicators of body structure ranged from 0.4% to
2.9%.

First-born heifers that were kept on a leash had a higher score: for chest width by
0.15 points, body depth by 0.2 points, angularity by 0.22 points, pelvic limb posture by
0.37 points, posterior udder attachment by 0.37 points, central udder ligament by 0.42
points, udder depth by 0.34 points, and anterior teat placement by 0.2 points. Animals in
free-range housing had a higher score on the linear scale: stature by 0.4 points, sacral
slope by 0.28 points, sacral slope by 0.28 points, sacral width by 0.13 points, pelvic limb
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angle by 0.34 points, anterior udder attachment by 0.46 points, posterior teat placement
by 0.36 points, and teat length by 0.2 points.

Next, it was examined how the culling of first-born cows depended on the
assessment of linear features of their body structure in tethered housing (Table 2).

Table 2
Culling of first-born cows from the herd with different assessments of body
structure indicators in stall housing (x+SE), %

Indicators Score of linear type traits I_Effect
1-3 4-6 7-9 size, %

Stature - 23,3+1,0 232+1,2 | 0,3
Chest width 16,7+5,7 23,34+0,8 21,7422 |0
Body depth 50,0+10,2 24.7+0,9 15,7£1,2 | 1,2*
Angularity - 24,2+0,9 20,5+1,2 | 0,1
Rump angle 20,8+3.4 23,2+0,8 22,5828 |0
Rump width 18,2+3,2 23,4+0,8 22,0+24 | 0,1
Rear legs 55,6+8,2 22,7+0,8 21,9+1,6 | 0,9
Legs rear view 35,5429 21,2+0,8 22,8+1,7 | 0,8
Foot angle 25,1+1,5 22,3+0,9 143+4,6 | 0,1
Fore udder attachment 28,1+1,7 20,7+1,0 23,1+1,6 | 0,5
Rear udder height 20,8424 25,3+0,9 13,3+1,2 | 1,1*
Central ligament of the udder 26,0+2,0 25,3+1,0 13,0£1,1 |1,3*
Udder depth 34,3+3,8 25,5¢1,0 | 17,2+1,0 | 1,3*
Front teat position 23,6+1,6 23,1+0,8 - 0,2
Rear teat position 18,843,8 23,5+0,9 22,1+1,5 | 0,1
Teat length 23,2+1,8 22.7+0.,8 36,4+7,0 | 0
Body condition 37,2+3,6 22,3+0,8 7,1+1,8 | 1,3*

Note: * p<0.05

The results of the study showed that the number of animals that dropped out of
the herd did not depend on the assessment of their stature and chest width. However,
animals with a high assessment of body depth (7-9 points) had a lower percentage of
dropping out of the herd by 9% and 34.3% (respectively) compared to the average (4-
6 points) and low (1-3 points) assessment. Differences in the dropping out of animals with
different body structure assessments for this factor were significant (p<0.05), and the
influence of the factor "keeping method" was 1.2%. Differences in the number of cows
that dropped out of the herd with different angularity assessments were insignificant. A
slight decrease in the percentage of dropping out was observed with an increase in the
assessment of angularity, which characterizes the dairy type of animals. The dependence
of the dropping out of cows on the assessment of the slope and width of the sacrum was
not determined.

Animals with an average and high assessment of the posture of the hind limbs had
somewhat better survival. However, the differences between the groups were not
significant. The influence of the factor “pelvic limb angle” was 0.9%, and the factor
“pelvic limb posture” was 0.8% (p>0.05).

Important signs of the type of body structure, on which the milk productivity of
animals depends, as well as the duration of their use, are the signs of the udder. A greater
number of animals were removed from the herd with weak anterior attachment of the
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udder (1-3 points), but the differences in the percentage of removal of 5-7.4% between
these groups were not significant. The results obtained when determining the percentage
of removal of cows with different assessments of the stature of attachment of the hind
udder lobes indicate a greater survival of first-born cows with a high assessment of this
sign. It was 7.5-11% higher compared to animals with an average and low assessment.
The influence of this factor was 1.1% (p<0.05).

The highest influence on the withdrawal of first-born heifers from the herd was
the central ligament of the udder (1.3%; p<0.05) and the depth of the udder (1.3%;
p<0.05). The number of first-born heifers that were withdrawn from the herd during the
studied period with a low assessment of the central ligament of the udder was higher by
0.7-13% than in animals with a low and medium assessment. A similar relationship
between the withdrawal of animals was established with the assessment of the depth of
the udder (by 8.8-17.1%).

The withdrawal of first-born heifers did not significantly depend on the
assessment of the placement of the front and rear teats, as well as their length.

The percentage of animals that were withdrawn from groups with a low
assessment of body condition was significantly higher than in first-born heifers with a
medium and high assessment (by 14.9-20.1%). The influence of the body condition
assessment was 1.3% (p<0.05).

The results of the first-born calves culling with different assessments of the linear
indicators of their body type under free housing are given in Table 3.

Table 3

First-born calves culling from the herd with different assessments of body
structure traits under free housing (x+SE), %

Indicators Score of linear type traits I_Effect
1-3 4-6 7-9 size, %
Stature - 13,8+0,8 15,9+0,8 0,1
Chest width 16,7+3,3 14,6+0,6 17,0+1,9 0,1
Body depth 13,3+3,0 14,2+0,6 17,8+1,4 0,2
Angularity 14,344,6 15,3+0,7 13,8+1,0 0
Rump angle 33,3+6,4 | 12,4+0,5 | 28,6+2,6 2,9%**
Rump width 22,2458 14,7+0,6 15,7+1,6 0,1
Rear legs 11,8+2,5 15,1+0,7 15,1+0,9 0
Legs rear view 17,0£1,4 | 14,3+0,7 | 153+1,7 0,1
Foot angle 13,2+1,0 16,2+0,7 - 0,7
Fore udder attachment 13,3+1,3 17,9+0,9 10,3+0,8 0,9
Rear udder height 16,9+1,8 14,6+0,6 16,7428 0,1
Central ligament of the udder 17,7+1,5 14,4+0,6 13,0424 0,1
Udder depth 11,9+1,6 15,2+0,7 15,2+1,2 0,1
Front teat position 15,3+1,1 14,6+0,7 | 50,0+17,7 0,4
Rear teat position 14,3+4,6 | 13,240,6 18,1+1,1 0,4
Teat length 13,0+1,4 14,740,6 | 29,4+5,0 0
Body condition 18,9+2,5 14,8+0,6 11,1£2,3 0,1

Note: *** p<0.001
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According to the results of the analysis of variance of the firstborn's mortality
depending on the assessment of body structure traits in free housing, a probable influence
of only one factor was established - the slope of the sacrum. The strength of the influence
of this trait was 2.9%. It is important to note that the percentage of animals leaving the
herd with an average assessment of the slope of the sacrum was the lowest. With a low
assessment of this trait, 19.9% more animals were left, and with a high assessment by
16.2%.

The impact of the assessment of other traits on the mortality of firstborns was
unlikely. Therefore, we will further compare the trends in the impact of body structure
traits of firstborns on the level of their mortality in free housing and compare them with
the results obtained in tied housing.

Unlike tied housing, a tendency was observed to increase the percentage of culling
of firstborns with a high growth assessment in free housing. Cows with a wide rib cage
and a deep body had the highest risk of culling compared to the group of animals with
average linear scores. In this case, the cows had an optimal body weight, and this
combination had a greater impact on the joints and hooves, since a heavier body puts
more pressure on the foot, which is an unfavorable factor for the preservation of livestock.
Since the concrete stall floor is part of the typical housing system on Ukrainian farms
with loose housing, animals with a higher body weight were more likely to be culled from
the herd.

A slight decrease in the percentage of culling was observed with an increase in the
score for the dairy type for both housing methods. Also, animals with the desired hindlimb
posture were better preserved for both technologies. In loose housing, as in tied housing,
there is a tendency to reduce the number of animals that were culled from the herd with
a high score for the central ligament.

Regardless of the housing technology, the percentage of animals that were culled
with a high score for body condition was lower compared to first-borns that had low and
medium body condition.

Discussion. The housing technology has a significant impact on the longevity and
survival of dairy cattle. The most important type traits for animal longevity were those
that described body size and udder. According to our data, it was found that first-borns
with a high score for body depth had a lower percentage of culling from the herd when
tied. In contrast to tied, when free-ranged, there was a tendency for the risk of culling
first-borns with a high score for growth, a wide chest and a deep body, which is associated
with the conditions of animal housing. Our data are consistent with (Morek-Kopec M.
and Zarnecki A., 2012), as they also reported a longer productive life of cows with a
smaller body depth and chest width. Our studies found a slight decrease in the percentage
of animals being culled with an increase in the score for the milk type. Foreign scientists
found that the most angular cows had a shorter lifespan (Zavadilova L. and Némcova E.
2011). They were more sensitive to environmental conditions, which led to a shorter
productive life. Despite this, cows with good angularity had better milk productivity for
different populations of the Holstein breed, as was found by other researchers (Campos
R. V. et al., 2015; Battagin M. et al., 2013). In contrast to tethered housing, there was a
tendency for the percentage of first-born cows with a high growth score to be culled. This
fact has been confirmed by other studies (Palii A. P. et al., 2020).

It was found that animals that had an average and high score for the posture of the
hind limbs were more adapted to the harsh conditions of industrial complexes. This
pattern is confirmed by numerous authors (Morek-Kopec M. and Zarnecki A., 2012;
Kerslake J. I. et al., 2018; Sulayeman M. and Fromsa A., 2012). Our studies revealed a
higher percentage of withdrawal from the herd of first-born cows with weak anterior
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udder attachment and better survival of animals with a higher score for the stature of the
attachment of the hind udder lobes and a well-pronounced central ligament. Other
researchers also emphasize that cows with weak and poorly attached udders, as well as
deep udders, had an increased risk of culling compared to cows that had average scores
for these traits (T6rok E. et al., 2021; Zavadilova L. and Stipkova M., 2012; Dube B. et
al., 2009).

Conclusions:

1. It was established that the percentage of first-born cows leaving the herd
depends on the characteristics of their body type, as well as the technology of housing.

2. When stall housing, animals with a high body depth score had a lower
percentage of leaving the herd by 9% and 34.3% than animals with an average and low
score. The stayability of first-born cows with a high score of the stature of attachment of
the posterior lobes of the udder was 7.5-11% higher compared to lower scores of this trait.
The number of animals that left the herd with a low score of the central ligament of the
udder was 0.7-13% higher compared to animals with a low and average score. A similar
relationship between the loss of animals was established with the score of the udder depth
(by 8.8-17.1%). The percentage of animals that dropped out of groups with a low score
for body condition was significantly higher than in first-born heifers with an average and
high score (by 14.9-20.1%).

3. According to our data, only the score of the rump angle (2.9%) significantly
influenced the dropout of first-born cows in free housing. The percentage of culling cows
from the herd with an average score of the rump angle was 19.9% lower than in animals
with a low score of this trait and 16.2% lower than in animals with a high score.
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The article presents the results of determining the influence of the live weight of
primiparous cows from fertilization to the first 100 days of lactation on subsequent milk
productivity.

The study was conducted on primiparous cows of the Ukrainian black-and-white
dairy breed, which are kept at the breeding plant of the State Enterprise “Hontarivka”
of the Chuguyiv district of the Kharkiv region. During the experiment, the influence of
various technological regimes on changes in live body weight during the first 100 days
of lactation was studied. The main parameters studied were the live weight of primiparous
cows at the stages of fertilization, after calving and in the first 100 days of lactation, as
well as their milk productivity for 305 days of the lactation period. The determination of
milk productivity included accounting for the gross milk yield of natural fat content on
the 100th, 200th and 305th days, as well as an estimate of the mass fraction of fat and
protein in milk for the entire lactation period. For the analysis, a retrospective study of
cow productivity over the past decade was conducted.

For the study, four groups of primiparous cows were formed depending on their
live weight at the time of fertile insemination: Group I - up to 380 kg, Group Il - 380—399
kg, Group 111 - 400-419 kg, Group IV - over 420 kg.

The average live weight at insemination was: in Group | - 358.8 £ 1.51 kg, Group
Il -387.7+0.49 kg, Group III - 406.3 £ 0.65 kg, Group IV - 445.5 + 3.66 kg. Animals of
Group IV exceeded their peers from other groups by 39.2-86.7 kg, which corresponded
to an increase in weight by 8.8-19.5%. The live weight of cows after calving was: in
group | — 573.9 + 3.56 kg, Il — 583.4 + 3.58 kg, IIl — 590.3 + 6.01 kg, IV — 591.1 + 5.51
kg. However, after calving, the difference between the groups began to decrease: cows of
group IV outweighed animals of group | by only 17.2 kg (2.9%), group 1l — by 7.7 kg
(1.3%), group 111 — by 0.8 kg (0.1%).

On the 100th day after calving, the difference in live weight between group IV and
other groups increased again. The average weight in group IV was 561.7 = 4.54 kg, which
exceeded the indicators of group 1 by 5.5% (530.6 + 3.00 kg), group 1l by 3.1% (544.1 £
2.95 kg), group Il by 1.6% (552.8 + 4.90 kQ).

Live weight losses from the moment of calving to the 100th day of lactation were:
ingroup | - 43.2+£8.6 kg (7.5%), in group Il - 39.3 + 8.3 kg (6.7%), in group Il - 37.6 +
11.2 kg (6.4%), in group 1V - 29.3 + 9.2 kg (5.0%).
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Analysis of the obtained data showed that the first-born cows of group Ill had
better adaptation to further productive use. The implementation of these results in
production will help optimize the feeding of heifers and cows in the post-calving period,
which will increase the efficiency of herd management.

Keywords: replacement heifers, first-born, analysis, live weight, milk
productivity.
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YV cmammi naeedeno pezynemamu 6U3HAYEHHs BNAUBY IHCUBOI MACU KOPIG-
nepsicmox 6i0 sanuionenus 0o nepwiux 100 Owuig nakmayii Ha nocrioyoyy MOJIOYHY
NPOOYKMUBHICMb.

Locniooicennsn 6yno npoeedeHo Ha KOPOBAX-NEPBICMKAX YKPAIHCbKOI HOPHO-PA0OOT
MOJIOYHOT NOPOOU, AKI YMPUMYIOMbC Ha niaeminHomy 3a600i JI1 JII' «'onmapiexay
Yyeyiscvroeo paiiony Xapxiscvkoi obnacmi. ¥ x00i excnepumenmy 6usuanu 6niue pizHux
MEXHOJIO2IYHUX PeHCUMIB 3MIH dHcusoi macu mina npomszom nepwux 100 onie rakmayii.
OcHoBHUMU OOCTIONHCYBAHUMU NApaAMempamu OVIU HCUBA MACA KOPIG-NepsicmoK Ha
emanax 3anjiiOHenHs, nicis omenennss ma 6 nepwi 100 ouie naxmayii, a makoxc ix
Monouna npoodykmuenicms 3a 305 OHie naxmayitino2o nepiody. Busnauenns monounoi
NPOOYKMUBHOCMI BKIIIOYANO 00K 847108020 HAOOIO MOJIOKA HAMYPALLHOIL HCUPHOCI HA
100-u, 200-12 i 305-11 OHi, a maKodHc OYIHKY MACOBOI YacCmKU dHcupy ma OinKa 6 Mooy 3a
nO8HULL 1akmayiunuil nepioo. /{nsa ananizy 0yno npoeeoeHo pempocneKmusHe GUEYeHH s
NPOOYKMUBHOCMI KOPIB 3d OCMAHHE 0eCaAmUpiuysl.

s 0ocnioxcenns cqhopmysanu vomupu epynu nepeicmoK 3aieHCHO 8i0 iX HcUBoi
Macu nio wac niuionoco ocimerinna: I epyna — oo 380 ke, Il — 380-399 e, 111 — 400-419
ke, IV —nonao 420 xe.

Cepeoni nokaznuxu dcugoi macu npu ocimeHinui cmanogunu: y I epyni — 358,8 +
1,51 ke, [ -387,7 £0,49 ke, 11 — 406,3 £ 0,65 ke, IV —445,5 + 3,66 ke. Teapunu IV epynu
nepesuwyy8anu c80ix pogechuysv 3 iHwux epyn Ha 39,2-86,7 ke, wo 6ionogioano
30inbuennto macu Ha 8,8—19,5 %. Kuea maca xopie nicis omenennus cmanosuna: y I
epyni — 573,9 + 3,56 ke, II — 583,4 £ 3,58 ke, Il — 590,3 £ 6,01 ke, IV —591,1 + 5,51 xe.
IIpome nicns omenenns piznuys Mixc 2pynamu nodana smenuiysamucs: koposu IV epynu
nepesaxcanu meapun 1 epynu nuwe na 17,2 ke (2,9 %), Il epynu — na 7,7 ke (1,3 %), 111
epynu —Ha 0,8 ke (0,1 %).

Ha 100-11 0env nicisa omenenns piznuys y srcusii maci miowe 1V epynoro ma inwumu
epynamu 3108y 30inbuunacs. Cepeons maca y 1V epyni cmanosuna 561,7 + 4,54 ke, wo
nepesuwyygano nokasnuxu I epynu na 5,5 % (530,6 = 3,00 xe), Il epynu —na 3,1 % (544,1
+ 2,95 ke), Il epynu —na 1,6 % (552,8 + 4,90 ke).

Bmpamu srcusoi macu 6io0 momenmy omenenus 0o 100-20 ous nakmayii ckranu: y
I epyni— 43,2+ 8,6 ke (7,5 %), y Il epyni — 39,3 £ 8,3 ke (6,7 %), y Il epyni — 37,6 = 11,2
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ke (6,4 %), y IV epyni — 29,3 + 9,2 ke (5,0 %).

Ananiz ompumanux 0anux nokazas, wo Koposu-nepsicmxu I11 epynu manu xpawgy
aoanmayito 00 NOOANLULO20 NPOOYKMUBHO20 BUKOpUCMAHHA. Bnpoeadowcenns yux
pe3yibmamis y SUPOOHUYMEO CHpusmume onmumizayii 200ieni Hemenié ma Kopie y
RiCsL0MINbHUL NEePiod, Wo 00380aUMb NIOGUUUMU eheKMUBHICMb YAPABIIHHSL CTNAOOM.

Knwuosi cnosa: pemonmui menuyi, nepsicmku, anaiis, Huea macd, MOJIOYHA
NPOOYKMUBHICTb.

Introduction. One of the main modern global problems that humanity needs to
solve is the shortage of food in certain regions. The latest report of the FAO (2023) “State
of Food Security and Nutrition in the World” states that in 2022 from 691 to 783 million
people faced the problem of hunger. This is 122 million people more than in 2019, before
the start of the COVID-19 pandemic.

One of the ways to solve this problem is to increase the production of livestock
products, in particular milk and beef.

In modern conditions, it is possible to increase the profitability of agricultural
enterprises producing milk only by increasing animal productivity. A special role in the
formation of milk productivity of cows and the manifestation of its genetic potential is
given to the improvement of milk production technology (Voytenko S.L.,
Zheliznyak 1.M., 2019).

Studies by Khmelnychy and Bardash (2019) have proven that different
environmental conditions in which animals are during their growth and development can
both contribute to high milk productivity and suppress it. According to Kostenko V.
(2020), low and very high levels of feeding when raising dairy cows are inappropriate, as
they negatively affect further milk productivity and reproductive ability. Scientists have
found that when heifers are overfed and inseminated at an older age, they have increased
fat deposition in the body, reproductive functions develop worse, and milk productivity
subsequently decreases. In underdeveloped dairy cows, the economic value decreases
sharply, since they have a low manifestation of almost all economic useful traits, and
animals with excessive mass do not fully pay for the feed spent on its production with
products (mainly milk). Milk productivity of cows is the result of the interaction of many
factors, among which the live weight of primiparous cows in the first 100 days of lactation
is singled out as one of the key indicators. This period is critical for the formation of both
the productivity of the animal and its health. Many studies confirm that maintaining
optimal body weight at this time is an important condition for achieving high results in
subsequent lactation (Dymchuk A. V., Ponko L. P., 2022).

Also, the age of the first insemination (L. Karlova et al., 2018), body weight at
fertile insemination (Vedmedenko O. V., 2019) have a significant impact on the
subsequent milk productivity of animals.

According to the results of their own studies, Piddubna et al. (2021) concluded
that with increasing calving age, milk productivity and milk quality indicators tend to
decrease.

At the same time, according to Turiello et al. (2020), first-born cows with an
earlier calving age had lower milk productivity in the first 5 months of lactation.

According to the studies of Kusaka et al. (2022) found that the frequency of
difficult calvings and the prevalence of stillbirths were significantly higher in animals
with low body weight compared to heifers with medium and high body weight.

At the same time, scientists and practitioners have long been interested in the
impact of post-calving weight loss on the milk production of cows and primiparous cows.
Unfortunately, such studies have been conducted quite rarely, especially in Ukraine. This

16



g[
Hayxoeo-mexuiunuii broremens Incmumymy meapunnuymea HAAH, 2024, Ne132 F=5

was due to the complexity of recording the necessary indicators. But recently, with the
introduction of modern automatic accounting systems on farms, these studies can provide
more interesting information.

For example, according to the results of a study by Berry et al. (2017), cows that
lost more weight at the beginning of lactation had higher milk production with an
increased content of fat and protein. However, this trend changed in those cows that
significantly reduced their condition after calving, while cows with higher weight
demonstrated an inverse relationship. Milk production was observed to increase with
increasing body weight, but this effect decreased as the animals recovered.

Zahout and Moallem (2017) found in their study that cows that experienced
significant body weight loss (7% to 17%) during the first five weeks of lactation had an
average 30-day milk yield of 1.4 kg/day more compared to animals whose weight loss
was only 3-6%. This suggests that more intense body weight loss after calving may be
associated with increased milk production in the early stages of lactation.

According to Wathes et al. (2008), heifers that calve with higher fatness (3.8—
3.9 points) subsequently mobilize more tissues for milk production and recovery, which
also has detrimental consequences for fertility.

This relationship requires further research to clarify the causes and possible
consequences for animal health. This and the small amount of information on this
problem in Ukraine served as an impetus for our research.

The purpose of the work is to establish the influence of heifer live weight and its
decrease in the first 100 days after calving on the milk productivity of first-born heifers.

To achieve this goal, the following tasks were set:

— to analyze the dynamics of live weight of primiparous cows during their rearing
period, after calving, in the first 100 days of lactation;

— to determine the dynamics of live weight, milk productivity and milk quality
indicators of primiparous cows for 305 days of lactation.

Materials and methods of the study. The study was conducted on primiparous
cows of the Ukrainian black and white dairy breed of the breeding plant of the State
Enterprise “Hontarivka” of the Chuguyiv district of the Kharkiv region using different
technological regimes of changes in live body weight during the first 100 days of
lactation. The key paratypic factors were the live weight of primiparous cows from the
moment of fertilization, after calving and in the first 100 days of lactation, as well as milk
productivity during 305 days of lactation. Milk accounting was carried out taking into
account the gross milk yield of natural fat content on the 100th, 200th and 305th days and
the mass fraction of fat and protein content for 305 days of lactation. For this purpose, a
retrospective analysis of the productive indicators of the livestock over the past 10 years
was conducted.

The implementation of the tasks of the work at their various stages involved the
use of standard and generally accepted research methods: zootechnical (growth and
development of heifers, milk productivity of primiparous cows), abstract-logical
(theoretical generalizations, critical analysis of publications by domestic and foreign
scientists, formation of conclusions); retrospective, analytical and probabilistic methods;
variational statistics (biometrics of the reliability of the conducted research); statistical
and economic (for processing and analysis of statistical data), multi-criteria analysis.

Four technological groups of primiparous cows were formed depending on the
live weight at fertile insemination according to the scheme (Table 1).
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Table 1
Scheme for forming groups of primiparous cows
. Group

Indicators I T T TV
Number of animals in the 149 150 96 52
sample, head
Live weight at fertile| to380 380-399 400-419 420 and more
insemination, kg

The following factors were taken into account in the process of conducting the
study:

— change in live weight of heifers (according to data from monthly control
individual weighings) and primiparous cows (according to data from weighings and
calculation of live weight using measurements). Based on the data obtained, the dynamics
of live weight of experimental animals was calculated,

— level of milk productivity of primiparous cows — according to individual data
from monthly control milkings with the selection of average milk samples to determine
its quality indicators;

— quality indicators of milk (mass fraction of fat and protein) — according to
individual data from zootechnical accounting;

— statistical processing of the research results was carried out using biometric
methods with determination of the probability level (Ibatullin I.1. et al., 2017).

Multicriteria analysis was performed using the method of evaluating the integral
criterion of the distance to the target using the approach of collapsing all criteria to one N
using normalization (Piskun, V., 2020). The relative distance N(Ck) will be found for
each alternative solution from the expression:

n n
DUy = up

N (Ck ) _ =l - i=1 ’
2.y
i=1

where N(Cx) — the efficiency of each of the options under study compared to the idealized
one;

uM;; — the normalized j-th indicator of the option under study;

uN;, — the normalized 0-th indicator of the idealized option;

n — the number of evaluated criteria.

Digital material of experimental research was processed by biometric methods
using the MS Excel 2003 application package.

Results of research. During the research period, initial data were obtained on
establishing patterns and features of the dynamics of live weight indicators, milk
productivity of first-born cows for the first 100 days of lactation, 200 days and 305 days
of lactation and milk quality indicators (Fig. 1).

It was established that the live weight at fertile insemination was on average in
group | — 358.8 £ 1.51 kg, IT — 387.7 £ 0.49 kg, IIl — 406.3 = 0.65 kg and IV —445.5 £
3.66 kg. According to this indicator, it is clear that animals of group 1V outweighed
animals of other groups by 86.7-39.2 kg or 19.5-8.8% (P>0.999).

The same picture was observed after calving. The live weight of primiparous cows
of group I was 573.9 + 3.56 kg, group II — 583.4 + 3.58 kg, IIl — 590.3 £ 6.01 kg and IV
—591.1 + 5.51 kg. However, it was found that the live weight in the first days had a
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tendency to decrease the difference between the groups: animals of group IV outweighed
the firstborn from group I by an average of 17.2 kg (or 2.9%), group Il - by 7.7 kg (1.3%),
group 111 - by only 0.8 kg (0.1%) (P>0.99 with the first group, with groups 11 and Il there
is no significant difference).

600
500
400
300
200
100

during fertilisation

after calving

on the 100th day

HlmIl |l mIV

Fig. 1. Dynamics of live weight of heifers and primiparous cows.

And according to the results of monitoring live weight on the 100th day after
calving, an increase in the difference in live weight of cows of group IV compared to
animals of other groups was again noted - 561.7 + 4.54 kg versus 530.6 = 3.00 kg (or +
5.5 %) in group I (P>0.999), 544.1 + 2.95 kg (+ 3.1 %) in group II (P>0.99) and 552.8 +
4.90 (+ 1.6 %) in group 111 (P<0.90).

An analysis of milk productivity of primiparous cows during 305 days of lactation
was also conducted (Table 2).

Table 2
Indicators of milk productivity and milk quality of primiparous cows per lactation
. Group
Indicators I T T TV
Number of heads 149 150 96 52
Milk yield for 1-100 days | 2106,3+ 24622+ 25894+ 2503,1+
of lactation, kg 36,29 36,41 45,93 56,22
Milk yield on 101-200 days | 1693,0+ 1952,5+ 2046,8+ 19924+
of lactation, kg 27,43 27,93 33,04 43,07
Milk yield on 201-305 days | 1366,5+ 1605,7+ 1671,4+ 1605,5+
of lactation, kg 23,19 24,20 28,73 33,59
Milk yield on 305 days of | 5165,8+ 6020,3+ 6307,5+ 6101,0+
lactation, kg 85,74 87,19 105,53 129,68
Fat content by mass, % 4,07 £0,31 | 4,06 £0,32 | 4,04 £0,33 | 4,00 £0,33
Milk fat, kg 210,5 2444 254,7 2442
Protein content by mass, % | 3,26 0,23 | 3,25+0,20 | 3,24 +0,29 | 3,16 +£0,24
Milk protein, kg 168,6 195,4 204,6 192,6
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According to the results of the assessment, it was found that during the first 100
days of lactation, the largest amount of milk with natural fat content was obtained from
cows of group 111 - 2589.4 + 45.93 kg, from first-born cows of group 1V - less by 86.3 kg
(3.3%), group Il - less by 127.3 kg (4.9%), and group | - less by 483.1 kg (18.7%) (Fig. 2).

3000,0

2500,0 ’

2000,0

1500,0 i

1000,0

500,0

0,0 '
Milkyieldin1- Milkyield in 101- Milkyield in 201-
100 days of 200 days of 305 days of
lactation lactation lactation
ml mll mil miv

Fig. 2. Dynamics of milk productivity of primiparous cows depending on live weight.

In the next 100 days of lactation, this trend was preserved. The productivity of
first-born cows of group 111 was higher than that of yearlings from group IV by 54.3 kg
(2.6%) (P<0.90), group 11 - by 94.2 kg (4.6%) (P>0.95), and group I - by 353.8 kg (17.3%)
(P>0.999).

In the third phase of lactation (201-305 days), the dominance of animals of group
I11 over others in terms of milk productivity was also observed. They prevailed in this
indicator over cows from group IV by 65.8 kg (3.9 %) (P<0.90), group Il by 65.7 kg
(3.9 %) (0.90<P<0.95), and group I by 304.8 kg (18.2 %) (P>0.999).

It was established that the highest milk productivity for 305 days of lactation
according to the primary accounting data was observed in cows that had a live weight of
400-419 kg (group 111) at the time of fertile insemination, - 6307.5+ 105.53 kg of milk of
natural fat content. This indicator turned out to be greater than that of animals of group |
by 1141.7 kg or 18.1% (P>0.999), group Il — by 287.2 kg or 4.6% (P>0.95) and group IV
— by 206.5 kg or 3.3% (P<0.90).

At the same time, a different pattern is observed with respect to the qualitative
indicators of milk (mass fraction of fat and protein) - in cows with lower productivity,
these indicators turned out to be higher. Thus, the fat content in milk in group | turned
out to be higher than in group Il by 0.01% (0.36 abs. %), compared to group Il - by
0.04% (0.86 abs. %) and IV - by 0.07% (1.17 abs. %).

The same trend was observed with the protein content. In group I, this indicator
was higher compared to other groups by 0.02% (0.53 abs. %), 0.02% (0.62 abs. %) and
0.11% (3.28 abs. %), respectively.
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Based on the results of determining the indicators of live weight at fertile
insemination, live weight at calving, on the 100th day of lactation, milk productivity and
milk quality of first-born cows per lactation, a multi-criteria analysis was performed

(Table 3).

Table 3

Multicriteria analysis of the dynamics of live weight and milk productivity of
primiparous cows

. Group

Indicators I T i TV,
Live weight at fertile mating, kg 1,0805 1 1,0478 1,1491
Live weight after calving 1,0166 1 1,0118 1,0132
On the 100th day of lactation 1,0586 1,0323 1,0161 1
Milk _yleld for 1-100 days of 12293 1,0517 1 1,0345
lactation, kg

Milk _yleld on 101-200 days of 1.2089 1,0483 1 10273
lactation, kg

Milk _yleld on 201-305 days of 12231 1,0409 1 1,0410
lactation, kg

lIl/gllllk yield on 305 days of lactation, 1.2210 1,0477 1 1,0338
Mass fraction of fat content % 1 1,0025 1,0074 1,0175
Mass fraction of protein content, % 1 1,0031 1,0062 1,0316
z 10,038 9,2265 9,0894 9,3480
Obijective function (SC) 0,1153 0,0252 0,0099 0,00387
Difference, times 11,6465 2,5455 - 3,9091

The results of the comparative analysis by the complex efficiency indicator of

each of the alternative options N(CK) in comparison with the idealized one allow us to
note the significant advantage of the third group, for which the objective function
according to the considered criteria is the smallest and is 0.0099. At the same time, the
objective function for the first group turned out to be 11.65 times worse, and the second
and fourth groups were 2.55 and 3.91 times worse, respectively. That is, by the complex
indicator, the efficiency of animals of group 11 by economic characteristics turned out to
be higher than in other groups.

And to establish the relationship between paratypic factors - milk yield for 305
days of lactation, kg (Y); and live weight at fertilization, kg (X1); live weight after
calving, kg (X2); live weight 100 days after calving, kg (X3); average mass fraction of
fat in milk, % (X4); average mass fraction of protein in milk, % (X5) mathematical
models were developed. The following were developed and analyzed: linear, incomplete
quadratic and complete quadratic models.

Linear model:

Y =165,337+ 16,213 X1+ 5,242X2 — 7,934X3 - 412,412X4 + 685,676X5

R-squared = 0.168

Incomplete quadratic model:

Y = -18534.660 + 109.107 X1 — 8.407 X2 + 20.053X3 — 3724.916X4 +
2981.336X5 - 0.118X12 + 0.010X22 — 0.023X32 + 385.264X42 — 337.956X52

R-squared = 0.220
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Full quadratic model:

Y =28346.410 + 7.230 X1 - 10.757X2 +33.814X3 — 10976.278X4 — 6632.054 X5
—0.113X12 +0.024X22 — 0.042X32 +496.708X42 — 336.888X52 + 0.004X1*X2 — 5.666
X1*X4 +22.482 X1*X5 —5.141 X2*X5 + 1.826 X3*X4 + 970.384X4*X5

R-squared = 0.249

Analysis of the obtained models showed that the R-squared value of the full
quadratic model is the largest, that is, this model most adequately describes the
relationship between paratypical factors.

Discussion. The results of this study show that primiparous heifers that were
inseminated at a body weight of 400-419 kg (slightly above optimal) and had an average
body weight loss at day 100 of lactation (37.6 = 11.2 kg) outperformed their peers in
terms of milk production.

According to Handcock et al. (2018), the increase in milk yield due to an increase
in the percentage of target body weight achieved is consistent with the finding that heavier
heifers (especially after puberty and at calving) have more milk solids during the first
lactation. Body weight at calving influences the body reserves available to the
primiparous heifer to support lactation, the growth requirements during lactation, and the
heifer’s likely hierarchical position in the herd, so it is not surprising that this would affect
lactation.

According to Martin et al. (2018), first-born cows that reached the target live
weight (for fertilization) at the age of 15 months produced more milk, protein and total
milk solids than their peers that did not reach this at the same age.

At the same time, as noted by V. Liskovich (2023), a different trend was observed
in Ukrainian red-and-white cows - the minimum milk yield (4715 kg) was obtained from
animals that had the lowest live weight at the first insemination - 374 kg and age
17.5 months, and the maximum milk yield - 5794 kg was obtained from first-born cows
that had the maximum indicators of both age and live weight at the first insemination.

And the studies of Shulyar et al. (2020) found that the best milk yields and the
amount of milk fat and protein, their total production were noted by first-born cows with
a live weight at the time of the first insemination of 391-400 kg. First-born cows, whose
live weight at the time of the first calving was within 511-530 kg, were noted for the
highest milk yields, the amount of milk fat, protein, their total production. They
significantly exceeded cows weighing 471-490 kg in milk yield by 309 kg, but were
insignificantly inferior to them in fat and protein milk content. At the same time, they
were inferior to cows with a live weight at the time of the first calving of 531 kg and more
in milk protein content by 0.04%.

Shevchenko O.B. et al. (2023) found that there is a direct relationship between the
live weight of cows and milk productivity indicators in the 1st lactation - with an increase
in the live weight of a cow, its milk yield also increases. Thus, if the productivity of cows
of the 1st gradation was 7389 kg, then the milk yield of the same-age cows of the 2nd
gradation was 156 kg higher (by 2.1%, P<0.50), of the 3rd gradation - by 15 kg, of the
4th gradation - by 118 kg (by 1.4%), of the 5th gradation - by 181 kg (by 2.4%, P>0.95).
The average fat content in milk also tends to increase - the difference between the 1st and
5th gradations was 0.07%, but this difference was not significant. At the same time, it
was noted that the average mass fraction of fat in the milk of cows of the 4th gradation is
0.4-0.5% lower than this indicator of peers of adjacent gradations. The amount of milk
fat is directly proportional to milk yield, therefore, with an increase in the value of the
gradation of the body weight of cows, in accordance with milk yield, the amount of milk
fat also increases - when comparing the values of the 1st and 5th gradations, the difference
was 22.5 kg at P>0.999. A similar pattern was established for the average content and
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amount of milk protein - with an increase in the value of the gradation of the live weight
of cows, their values also increase: the average mass fraction of protein by 0.08%, and
milk protein - by 20.4 kg at P>0.999.

Berry et al. (2007) noted that cows that lost 100 kg of weight from calving to
calving weight produced 139 kg more milk in the first 60 days of lactation than cows that
lost only 50 kg during the same period.

In their own study, Carvalho et al. (2014) noted that cows that maintained their
body weight (BW) or lost up to 10% of their BW during the 21-day postpartum transition
period were more productive during early lactation. The authors noted that multiparous
cows with extreme BW changes of more than approximately +£10% during the 21-day
postpartum period experienced significant declines in their gross milk yield at 90 days.
For example, cows that lost approximately 21.4% of their initial BW during the 21-day
postpartum period had a 90-day milk yield of 3603 + 162.0 kg, while cows in the same
parity group with a BW gain of 16.7% had an estimated 90-day milk yield of 3037 +
149.8 kg. When these figures are compared with 4548 + 52.2 kg in cows of the other
group with a 21-day body weight loss of 4.5%, a serious deterioration in the milk
production of the cows becomes evident. The maximum estimated milk yield in 90 days
for cows of this group was reached when they had lost 7.4% of their initial body weight,
and the large body weight loss had no significant effect on milk yield in 90 days. On the
other hand, primiparous cows that gained body weight in 21 days showed a significant
decrease in milk yield in 3 months. For example, cows with a 21-day body weight gain
of 16.8% had an estimated milk yield in 90 days of 1932 + 134.4 kg, in contrast to 3123
+ 52.6 kg for those who had lost 7.4% of their body weight in the same period. The effect
of nutrient allocation on recovery rather than milk production in cows may contribute to
this finding and warrants further study. The authors suggest that high-producing cows
mobilize large body reserves to meet the demands of producing more milk at the expense
of reproductive function.

As Berry et al. (2007) suggest, significant body weight loss early in lactation was
associated with increased lactation persistence and higher and earlier peak milk yields.

Therefore, in part, our results are consistent with studies in which cows with early
lactation weight loss are those that produce more milk. We believe that primiparous cows
with significant post-calving body weight loss may experience more severe negative
nutrient balance and potentially health problems, which may also affect dry matter intake,
ultimately negatively affecting their performance.

The results of the study by Peiter et al. (2023) show that body weight change
during the first 21 days after calving had strong quadratic associations with total milk
production over 90 lactations, with differences between groups by insemination. It was
found that primiparous cows with the highest productivity lost 7.4% of their body weight
during the first 21 days of lactation, while cows with extreme body weight gain had much
lower productivity during the first 90 days. In addition, second lactation and older cows
with the highest productivity lost an average of about 5% per 21 days. These results
demonstrate the usefulness of data from automated systems on the farm to improve the
management of dairy cows during the transition period.

This is partially consistent with our data, where primiparous cows with an average
post-calving loss of 6.4% (Group I11) were the most productive, followed by animals with
a loss of 5.0% (Group 1V). The lowest productivity was in group I, where live weight
decreased by 7.5%.

According to Wathes et al. (2008), heifers that calved with higher fatness (3.8—
3.9 points) subsequently mobilize more tissues for milk production and recovery, which
also has detrimental consequences for fertility.
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Conclusions:

1. It is proven that the highest milk productivity potential for the first 100 days of
lactation of 2589.4 kg and more of milk was found in primiparous cows of group IlI,
which exceeded their counterparts from groups I, 11 and 1V by 18.7-3.3%. The same trend
was also maintained during the second and third lactation periods.

2. It is noted that the live weight at fertile insemination was on average in group |
-358.8 + 1.51 kg, II - 387.7 + 0.49 kg, III - 406.3 + 0.65 kg and IV - 445.5 + 3.66 kg.
According to this indicator, it is clear that animals of group IV exceeded animals of other
groups by 86.7-39.2 kg or 19.5-8.8%. The live weight after calving of the firstborns of
group I was 573.9+£3.56 kg, of group II — 583.44+3.58 kg, of group III — 590.3+6.01 kg
and of group IV — 591.1+5.51 kg. However, it was found that the live weight in the first
days had a tendency to decrease the difference between the groups: animals of group IV
outweighed the firstborns of group | by an average of 17.2 kg (or 2.9%), of group 11 — by
7.7 kg (1.3%), of group 111 — by only 0.8 kg (0.1%).

On the 100th day after calving, an increase in the difference in live weight of cows
of group 1V compared to animals of other groups was noted - 561.7+4.54 kg versus 530.6
+ 3.00 kg (or + 5.5 %) in group I, 544.1 £ 2.95 kg (+ 3.1 %) in group Il and 552.8 + 4.90
(+ 1.6 %) in group 1.

It was found that the loss of live weight of cows from calving to day 100 of
lactation was 43.2+8.6 kg (7.5 %) in group I, 39.3+8.3 kg (6.7 %), 37.6+11.2 kg (6.4 %),
and 29.3+9.2 kg (5.0 %).

3. As a result of the multi-criteria analysis, it was found that for group 1l the
objective function according to the considered criteria is the smallest and is 0.0099. At
the same time, the objective function for the first group turned out to be 11.65 times
worse, and for the second and fourth groups it was 2.55 and 3.91 times worse,
respectively.
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FACTORS INFLUENCE ON THE MILK QUALITY INDICATORS

OF NOVOOLEKSANDRIVSKIA HEAVY-DUTY BREED MARES
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The article presents the results of studies of milk productivity and milk quality of
mares of the Novooleksandrivka heavy draft breed. The daily milk yield of mares and milk
quality indicators in samples taken in June and August were determined, and it was
proven that all indicators vary significantly. It was established that the indicators of dry
matter, protein, lactose and dry non-fat milk residue were higher in June, and the protein
content, fat-protein ratio, freezing point and somatic cell count were higher in August.
Differences in milk quality indicators from the first and second milking were revealed,
and a higher content of almost all studied indicators was established in milk samples
taken from the first milking in June and August, in August - with a much smaller
difference. Significant correlations were found between milk quality indicators - dry
matter (r=0.856), fat (r=0.728), fat-protein ratio (r=0.861) in milk samples taken in June
and August from the first, second milking and daily milk yield. In milk milked in August,
these relationships. In all samples, a negative relationship was established between the
amount of milk and the content of somatic cells.

The influence of the lactation period on milk productivity and milk quality
indicators of experimental mares was established - the highest daily milk yield, dry matter
and fat content in milk were characterized by mares at the lowest lactation periods. The
influence of the age of experimental mares on their daily milk yield and milk quality
indicators was established, the superiority of mares aged 9-13 years in June (r=0.431),
and older ones in August (r=0.352) was proven in terms of daily milk yield. It was
determined that the age of mares affects the duration of their foaling (r=0.396). The
advantage in daily milk yield of mares with a foaling duration of over 350 days was
proven according to the results of control milking in both June and August. In terms of
dry matter, fat and fat-protein ratio in milk samples of experimental mares with a foaling
duration of over 340 days according to the results of control milking in both June and
August, as well as the highest lactose content and freezing point index in samples taken
in June and protein - in samples taken in August.

It was established that mares that foaled with foals, with a high degree of
probability (p<0.01) had a higher daily milk yield, as well as milk yields for the first and
second milking, a higher dry matter, fat, fat-protein ratio.

Keywords: horses, mares, Novoaleksandrivka heavy-duty breed, milk
productivity, milk quality, influencing factors
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OAKTOPHU BIIVIUBY HA ITIOKA3ZHUKHU AKOCTI MOJIOKA
KOBWJI HOBOOJIEKCAHIPIBCHKOI BATOBO3HOI IIOPOJIU

Ouaekciit BPOBKO, https://orcid.org/0000-0001-5379-309X
Ipuna TKAYOBA, 1. c.-r. H., ¢. H. ¢., https://orcid.org/0000-0002-4235-7257
I'amuna I[IPYCOBA, k. c.-T. H., CTapIIUiA JTOCIITHHUK,
https://orcid.org/0000-0002-2604-5720
Cepriiit JTIOTHX, k. c.-T. H., C. H. ., https://orcid.org/0009-0009-8964-442X
Incruryr TBapunnnuTBa HAAH, Xapkis, Ykpaina

YV cmammi euxnadeno pezyromamu 00CHIiONCEHb MOJOYHOI NPOOYKMUBHOCTI §
AKOCMI MOJIOKA KOOUNL HOBOOJIEKCAHOPIBCLKOI 8A20803HOI nopoou. Busnaueno 00606uti
HAOIll KOOU Ma NOKA3HUKU SIKOCMI MOJIOKA Y 3pA3KAX, 8i0IOpaHux y uepeHi ma cepnHi,
006€0eHo, WO YCi NOKA3ZHUKU 3HAYHO 8apioiomsb. Becmanoasneno, wo noxkaznuxu eémicmy
cyxoi peyosuHu, OLIKY, 1AKMO3U i CYXO20 3HEHCUPEHO20 3ANUWKY MOJIOKA OVIU GUIUMU Y
uepeHi, a emicm OLIKY, CNiGGIOHOWIEHHSL Jcupy i OLIKY, MOYKA 3AMEeP3aHHsA | KLIbKICMb
COMAMUYHUX KNIMUH — y cepnti. Busaeneno iominnocmi nokasHukie aKocmi MooKa 6io
nepuio2o i 0py2o2o OOiHHA, BCMAHOBIEHO GUUWULL 6MICM Mauidice YCiX OOCHIONCEHUX
NOKA3HUKI@ ) 3PA3KAX MOJIOKA, 8I0i0pano2o 8i0 nepuioeo 00iHHS V Yep8Hi i cepnHi, y
cepnHi — 31 3HAYHO MeHWo pisHuyer. Buseneno 3HAuHI KOpeNAYItUHI 38 SI3KU MIdiC
NOKA3HUKaMu sIkocmi  Mojnoka — cyxoi peuosunu (r=0,856), ocupy (r=0,728),
cniggioHouenHam scupy i 6inky (r=0,861) y 3paskax monoka 8i0ibpanux y uepsti i cepnti
8i0 nepuioco, 0py2o2o 00iHHA i 0000680M) HAOOI. ¥V MONOYI, HAOOEHOMY V CEePNHI, Yi
368’A3KU. B ycix 3paskax 6cmanoeneHo He2amueHull 36's130K MidC KIIbKICIIO MOIOKA 1
EMICMOM COMAMUYHUX KILIMUH.

Bcmanoeneno  ennue  mepminy  naxmayii  Ha  NOKA3HUKU — MOAOYHOL
NPOOYKMUBHOCMI T SIKOCMI MOJOKA OOCHIOHUX KOOUN — HAUBUWUM O00008UM HAOOEM,
BMICMOM CYXOi peHO8UHU [ HCUPY Y MOJIOYI XAPAKMEPU3V8AIUCa KOOUIU HA HAUMEHUUX
mepminax nakmayii. Bcmanoeneno enius giky 0ocnionux kooun Ha ix 00006uii Haoiu i
NOKA3HUKU SAKOCMI MOJOKA, 008€0eH0 nepesazy 3a 00008umM HAOOEM Kobun y giyi 9-13
pokie y uepsni (r=0,431), ma cmapwoeo 6ixy — y cepnui (r=0,352). Buznaueno, wo 6ix
KoOun eniugae Ha mpuganicme ix owcepebnocmi (r=0,396). /losedeno nepesacy 3a
00008UM HAOOEM KOOUNL 3 mpusanicmio dxcepeonocmi nonao 350 0i6 3a pezyromamamu
KOHMPOIbHO20 OOiHHA AK Y UepeHi, Mak i y cepnui. 3a eMicmom Cyxoi peyosuHu, dcupy
ma CniBBIOHOULEHHS JHCupy | OIIKa y 3pa3Kax MOJIOKa OOCHIOHUX KOOUN 3 MPUBATLICMIO
arcepedbHocmi nonao 340 0i6 3a pe3yrbmamamu KOHMPOILHO20 OOIHHS AK ) YepEHi, MaK
[ 8 cepnti, a MaKo#C HAUGUWUL BMIC IAKMO3U [ NOKA3HUK MOYKU 3AMEP3AHHS Y 3pA3KAX,
8I0ibpanux y uep6ni ma OiIKa — y 3paskax, 8i0lOpaHux y cepnHi.

Bcmanosneno, wo kobunu, sKki odcepebunucs ocepedOuUKaMU, 3 BUCOKUM
cmynenem gipocionocmi (p<0,01) manu suwuii 00606uil HAOIll, @ MAKOIC HAOOI 3a nepute
i Opyee 00iHHs, 8UWULL BMICT CYXOi PEUOBUHU, HCUPY, CRIBBIOHOULEHHS HCUPY I OLIK).

Knwuosi cnoea: kowi, KOOUMU, HOBOONEKCAHOPIBCLKA 6A20803HA NOPOOQ,
MOJIOYHA NPOOYKMUBHICMb, AKICMb MOIOKA, (PaKkmopu niuey.

Mares' milk as a food product is traditionally produced in Asian countries: North
China, Mongolia, Kazakhstan, Bashkortostan, Kyrgyzstan, Uzbekistan, Buryatia,
Kalmykia (Pieszka M., 2016; Blanco-Doval A., 2024). In these countries, mares' milk
accounts for more than 8% of total milk production (Gall C. F., 2013), and it is
traditionally used for the production of fermented milk drinks (ayran, koumiss, etc.). At
the same time, the consumption of mares' milk has spread in recent decades in the
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countries of the European Union: France, Belgium, Germany, the Netherlands, Norway,
Austria, Hungary, Bulgaria. In European countries, the share of mares' milk in total milk
production is only 0.1%, which is about 1300 tons.

Horse breeding is well developed, and productive — in particular, in Kazakhstan,
where there are 2,862,600 horses (as of June 1, 2018), while it is reported that the annual
increase in the livestock is about 100 heads (Naimanov D. K. et al. 2018). The
development of productive horse breeding in Kazakhstan is facilitated by the presence of
large areas of natural pastures (in Northern Kazakhstan alone there are 1.5 million
hectares). Kazakhstan can be an example of the boundless centuries-old love of the people
for horses, as well as the traditional significant demand for koumiss and other horse
breeding products, which ensures the development of the horse breeding industry.

More than 30 million people in the world regularly consume mare's milk and its
processed products (Doreau M., 2011). Mare's milk has high nutritional value and
practically does not contain allergenic proteins, unlike cow's milk. This factor makes it
possible to use mares' milk in children's and dietary nutrition (Kunying L., 2024).
Organoleptically, mares' and women's milk are very similar, but mares' milk is more
transparent, whiter and sweeter due to the higher lactose content. The peculiarities of the
morphology of the mammary gland of mares determine the low milk productivity of
mares, however, for horses of the Mongolian, Bashkir, Yakut, Kyrgyz, Kazakh (with the
Kabyn meat type and Adai breed), Kushum, Mughalzhar, and Kustanai breeds, this
feature is of selection (Naymanov D. K. et al., 2018). It is known that the highest amount
of milk is produced by mares 30-60 days after foaling, when daily milk production can
vary from 12 to 15 liters, which is about 21-25% of the foal's body weight (Morresey,
P.R., 2012). However, there are more productive breeds: Mugalzhar (2200-2500 | of milk
per lactation) (Seleuova, 2018), Kushum (2000 | of milk per 3 months of lactation), Jabe
(up to 20 I per day) (Naymanov D. K. et al., 2018).

Quite high milk productivity is characteristic of mares of heavy draft breeds,
which is due to the greater body weight and intensity of foal development. A unique breed
of heavy draft horses, Novoaleksandrivska, has been bred in Ukraine, which is
characterized by relatively high milk productivity (2500-3000 kg of milk per lactation).
Mares' milk has high nutritional value and practically does not contain allergenic proteins,
unlike cow's milk (Reiter, 2023), which determines the relevance of the research. Based
on the relevance, the purpose of the study was to determine the quality indicators of milk
of mares of the Novoaleksandrivska heavy draft breed.

Materials and methods of research. In the conditions of the branch of the
Dibrivsky stud farm No. 62 of the State Enterprise "Equestrianism of Ukraine" of the
Poltava region, experiments were conducted in 2024 to study the milk productivity and
quality of milk of mares of the Novooleksandrivka heavy draft breed. 16 healthy mares
were selected for the experiment, which successfully foaled healthy foals and produced
mature milk. The beginning of milking of the mares took place a month after their foaling.
Gross milk collection for the production of koumiss was carried out during May-October.
Lactation dates were established according to primary documents, in particular, the data
of the foaling-mating record, from which the term of fertilization of each mare, the term
of foaling, and the sex of the foal were established. At the end of the season, gross milk
yield was determined.

Control milkings were carried out using dual-mode milking machines DDU-2 in
June and August. Sanitary and hygienic treatment of udders and teats in mares of all
groups was carried out using an antiseptic solution. Mares were milked twice in the
morning and evening, milking duration — up to 2 minutes. Milking was carried out in a
specially equipped milking shop in separate stalls, foals during milking were in close
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visibility of mares, which contributed to the milk ejection reflex and nervous balance of
mares and foals. Foals on the day of control milking received the necessary amount of
milk through artificial drinking, which was not reflected in their condition and live weight
gain. After each milking, the amount of milk in the bucket was measured, the total daily
yield was determined as the sum of both milkings per day. For statistical calculations,
only the indicator of milked milk (excluding milk consumed by foals) was used.

Milk samples were collected in sterile containers with a preservative. When
collecting milk samples, the European requirements of Codex Alimentarius, vol. 13
"Methods of analysis and sampling” and DSTU ISO 707:2002' Milk and dairy products,
instructions for sampling were followed. Samples were collected with a sterile syringe in
proportion to the first and second milkings per day, cooled to 10°C and immediately
transported to the laboratory in a thermobox. Only milk samples that were visually
determined to be whole, clean, and in consistency represented a white liquid with a slight
blue tint, without sediment and clots, with a delicate milky odor were analyzed.

The physical and technological properties of milk were studied according to
DSTU 8009:2015. Biochemical indicators of milk were determined in a certified
laboratory for assessing the quality of livestock products. The chemical composition of
milk (fat, protein, lactose, dry matter, protein, dry non-fat milk residue (SNFRM) content
in %) and freezing point (°C) were determined according to ISO 9001:2000
instrumentally on the device "Bentley-150" (certificate IDA 0001461-1 dated
16.12.2004). The content of somatic cells (thousands/cm3) was determined according to
ISO 9001:2000 instrumentally on the device "Somacount-150" (certificate IDA 0001461-
1 dated 16.12.2004).

Daily milk yields and milk quality were determined in June and August, including
for the first and second milking per day depending on the lactation period, age of mares,
duration of pregnancy, sex of foals.

The relationships between the studied indicators were determined by calculating
the correlation coefficient (r).

All experimental studies were conducted in accordance with modern
methodological approaches, requirements and standards (DSTU ISO/IEC 17025:2019,
2021), Directive 2010/63/EU (2010), the Procedure for conducting animal experiments
in scientific research institutions (Law of Ukraine No. 249, 2012) and in accordance with
the Regulations of the European Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes (Strasbourg, 1985).

Research results. Analysis of milk productivity based on the results of control
milkings of experimental mares showed that the daily milk yield with double milking in
June was on average higher by the milking group than in August by 0.381 | (Table 1). at
the same time, in both June and August, more milk was obtained from the second milking
(by 0.587 1 in June and 0.300 I in August). All the studied indicators of daily milk yield
are characterized by high coefficients of variation.

A difference was established between the quality indicators of the milk of the
studied mares in the samples taken in June and August. Thus, the indicators of dry matter,
protein, lactose and SPPW were higher in June, and the protein content (and, accordingly,
the ratio of fat to protein), freezing point and the number of somatic cells were higher in
August. In general, almost no somatic cells were detected in the milk of mares, which is
explained by its high antibacterial properties.

DSTU I1SO 707:2002 Milk and dairy products. Guidelines for sampling. (2003). Retrieved from
https://online.budstandart.com/ua/catalog/doc-page?id_doc=67272
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Table 1

Indicators of milk productivity and quality of daily milk yield of mares
depending on the month of milking

Milk quality June August

L Cyv, . Cyv, . ma

indicators M=m min | max M=m min

% % X
Daily milk yield, | | 2,78+0,24 | 345 | 1,6 59 | 2,46+£0,21 | 33,2| 1,1 | 49
1st milking 1,10+0,08 | 28,6 | 0,5 19 1,08+0,13 | 47,1 0,6 | 2,7
2nd milking 1,68+0,18 | 42,8 1,1 4,0 1,38+0,10 | 28,4 0,4 | 2,2
0 .

%gt:r”t' %0 dY | 6390004 | 1,44 | 922 | 958 | 8.97+0,08 | 3,78 863|915
fat 0,12+0,03 | 14,3 | 0,03 | 0,37 | 0,14+0,05 | 17,6/ 0,01 | 0,71
protein 1,65+0,02 | 3,72 | 1,53 | 1,75 | 1,42+0,01 | 4,19 1,30| 1,55
lactose 6,87+0,03 | 1,39 | 6,74 | 7,03 | 6,72+0,09 | 5,41| 5,38 6,97
Dry non-fat milk | o 57 60> [ 092 | 9,15 | 9,58 | 8.86+0,09 | 4,38 7.45| 9,15
residue, %
Fat/protein ratio 0,07+0,02 | 14,5 | 0,02 | 0,15 | 0,08+0,03 | 16,6/ 0,01 | 0,49
Freezing point, °C | 0,66+0,01 | 1,06 | 0,649 | 0,669 | 0,64+0,01 | 4,30| 0,542|0,663
Somatic cell count,
thousand/cm? 0,39+0,27 | 24,8 2 3 2,35+1,50 | 26,3| 3 | 255

The milk quality indicators of the studied mares in samples from the first and
second milking per day are given in Table 2.

Table 2

Milk quality indicators of the studied mares for the 1st and 2nd milking

Milk quality

June

August

indicators

1 milking

2 milking

1 milking

2 milking

Referen-
ce values

Content, %: dry
matter

9,447+0,087

9,308+0,023

8,928+0,089

8,918+0,078

fat

0,208+0,079

0,076+0,010

0,105+0,030

0,165+0,060

1,6-1,9

protein

1,613+0,014

1,649+0,020

1,408+0,016

1,345+0,014

2,1-2,2

lactose

6,877+0,029

6,833+0,025

6,701+0,091

6,697+0,085

5,8-6,4

Ratio: fat/protein

0,128+0,049

0,045+0,006

0,074+0,021

0,121+0,044

Dry non-fat milk
residue, %

9,241+0,028

9,233+0,021

8,824+0,098

8,752+0,090

7,0-10,0

Freezing point, °C

0,659+0,002

0,655+0,002

0,642+0,007

0,642+0,006

Number of somatic
cells, thousand/cm?

0,308+0,208

0,438+0,302

1,706+0,903

3,353+£2,356

Note: *p<0.05; **p>0.1

It was found that the indicators of daily milk yield and milk quality of
experimental mares in samples taken in June and August are significantly correlated with
each other (Table 4). The highest probable relationships are between the dry matter
content in daily milk yield, the protein and dry matter content in samples obtained from
the first milking, the amount of milk, the dry matter, fat and protein content in samples
from the second milking.
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Table 3

The relationship between indicators of milk productivity and milk quality of

mares in milk samples obtained in June and August (r)

Correlation coefficient ®

Milk quality indicators 1 milking 2 milking [_)al_ly
milking
Amount of milk, | 0,769** 0,502* 0,687**

Content, %: dry matter 0,321* 0,528* 0,412*
fat 0,569** 0,708* 0,690**

protein 0,788* 0,342* 0,578*
lactose 0,303** 0,265** 0,281**

Dry non-fat milk residue, % 0,089* 0,067* 0,066*
Fat/protein ratio 0,557** 0,722** 0,704**
Freezing point, °C 0,299*** 0,265*** 0,280***
Somatic cell count, thousand/cm?® -0,096** -0,126** -0,121**

Most milk quality indicators are significantly correlated with each other, as proven
by the calculations of correlation coefficients (Table 4). The most positively correlated
indicators in milk samples taken in June are dry matter and fat content, dry matter and
ratio (fat/protein), dry matter and dry non-fat milk residue, fat content and ratio
(fat/protein), lactose content and freezing point index, lactose content and dry non-fat
milk residue. The somatic cell content was negatively correlated with all studied milk

quality indicators.

Table 4

Correlations between milk quality indicators of mares of the
Novoaleksandrovsk heavy-duty breed

1<
. s | o x | 2
Indicators El g | | g S | 88| & | 38
N LL bS] — < ) éﬂ 8
D — o S = 4=
Q =] S o
3 2g| & | §
L - & = %)
June
Dry matter 0,796/0,171] 0.808 | 0,435 | 0.695 | 0.588 | -0,493
Fat -0,008 0,258 | 0,998 | -0,067 | 0,120 | 0,098 | -0,220
Protein -0,311| 0,355 0,221 | -0,628 | 0,003 | -0,532 | -0.110
Fat/protein ratio | 0,032 0,998 0,326 0028 | 0,141 | 0.136 | -0,228
Lactose 0,860 |-0,502|-0,548| -0.465 0,776 | 0,984 |-0.329
dry non-fat milk | g2 1 o 4g6|-0 435| -0.450 | 0,992 0,833 | -0,537
residue, %
Freezing point, °C | 0,893 |-0,444/-0,526] -0,405 | 0,998 | 0,992 -0.393
Somatic cell -0,830| 0,459 | 0,541| 0,422 | -0,996 | -0,945 | -0,954
content
August
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In milk samples taken in August, the most positively correlated were the dry
matter and lactose content, dry matter and dry non-fat milk residue, dry matter and
freezing point index, fat content and ratio (fat/protein). The lactose content index was also
highly and positively correlated with the dry non-fat milk residue content and freezing
point index, negatively - with the fat, protein content and their ratio.

According to the technology adopted at the Dibrivsky stud farm, mating of mares,
and accordingly their foaling, are seasonal, and therefore, the birth of experimental mares
occurred in February-March. In this regard, the lactation period index in June fluctuated
within the limits: 62-141 days; in August - 114-193 days. Accordingly, mares, based on
the results of control milking in June, were distributed according to gradations: 62-90 (3
months), 91-120 (4 months), 121-141 days (5 months); in August: 114-150 (5 months),
151-180 (6 months), 181-193 (7 months).

Considering that the duration of lactation of the share of mares, whose control
milking was carried out in June and August, fell on the 5th month, the gradations were
adjusted in the summary according to the terms of lactation. In accordance with the
established gradations, the value of daily milk yields was determined (Table 5).

Table 5
Indicators of daily milk yields of mares of the Novooleksandrivka heavy-duty
breed depending on the terms of lactation

milk yield,kg
Lactation period, days | n 1 milking 2 milking I:_)al.ly
milking
June (06/19/2024
62-90 2 1,55+0,35 2,65+1,70 4,20+1,70
91-120 6 0,90+0,10 1,63+0,21 2,47+0,24
121-141 8 1,13+0,07 1,48+0,10 2,66+0,17
On average: 16 1,097+0,079 1,684+0,180 2,781+0,240
August (08/10/2024)

114-150 2 2,15+0,55 1,80+0,35 3,95+0,86
151-180 10 0,82+0,05 1,30+0,13 2,15+0,16
181-193 4 1,11£0,13 1,36+0,14 2,50+0,26
On average: 16 1,078+0,127 1,378+0,098 2,463+0,205

The highest daily milk yield was characterized by mares that began to lactate later.
Thus, according to the indicators of control milking in June, the highest milk yield was
distinguished by mares that were at the lactation stage of 62-90 days (4.20+1.70 kg,
p<0.01), and in August - at the lactation stage of 114-150 days (3.27+0.86, p<0.01). The
level of the correlation coefficient between daily milk yields and lactation periods was
low, negative: lower in June (r=—0.218) and higher in August (r=—0.374).

Correlation analysis proved that the own daily milk yield of the same mares in
June and August was significantly interconnected (r=0.695). At the same time, the milk
yield from the first milking correlated with a much greater strength (r=0.771) than from
the second (r=0.398).

The results of studies on milk quality in connection with the term of lactation are
given in Table 6.
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Table 6

Milk quality indicators of experimental mares of the Novoaleksandrivka
heavy-duty breed depending on the term of lactation

Milk quality indicators Lactation dates
June
. 62-90 91-120 121-141 )
2 6 8
Content, %: dry matter 9,435+0,195 | 9,377+0,051 | 9,338+0,038 | -0,006*
fat 0,230+0,140 | 0,107+0,034 | 0,066+0,014 | -0,331*
protein 1,675+0,015 | 1,682+0,023 | 1,623+0,023 | -0,352*
lactose 6,790+0,030 | 6,838+0,051 | 6,894+0,023 | 0,497*
Ratio: fat/protein 0,135+0,085 | 0,062+0,020 | 0,041+0,008 | -0,297*
Dry non-fat milk residue, % | 9,205+0,055 | 9,273+0,036 | 9,270+0,027 | 0,369*
Freezing point, °C 0,653+0,004 | 0,656+0,004 | 0,659+0,002 | 0,457*
mﬂzﬁﬁ/cﬂs somatic cells, 3 0 9 10,384*
August
. 114-150 151-180 181-193 i
2 10 4
Content, %: dry matter 9,305+0,305 | 8,891+0,123 | 8,995+0,013 | -0,206*
fat 0,375+0,335 | 0,084+0,041 | 0,048+0,016 | -0,251*
protein 1,430+0,010 | 1,440+0,017 | 1,390+0,041 | -0,153*
lactose 6,775+0,035 | 6,663+0,149 | 6,830+0,031 | -0,035*
Ratio: fat/protein 0,260+0,230 | 0,056+0,026 | 0,035+0,012 | -0,259*
Dry non-fat milk residue, % | 8,930+0,030 | 8,813+0,161 | 8,948+0,020 | -0,066*
Freezing point, °C 0,651+0,001 | 0,639+0,011 | 0,651+0,002 | -0,059*
Number of ‘somatic cells. | o | pg7.054 | 3 | o010

Note: *p<0.05

It was found that the highest dry matter content was in milk samples taken in June

from mares at the earliest stages of lactation (62-90 days). Accordingly, the fat content in
milk was higher in samples taken from mares at the early stages of lactation, and the
lactose content, on the contrary, increased in samples from mares at the later stages of
lactation. The content of protein, dry non-fat milk residue and freezing point index did
not change almost at all.

In August, the highest dry matter and fat content, as well as the fat/protein ratio in
milk samples from mares were also at the earliest stages of lactation (114-150 days). The
protein content in milk was significantly higher in mares at 151-180 days of lactation, and
the lactose and SZZM content was at 191-193 days of lactation. The freezing point index
was the same in the milk of mares at the earliest and latest stages of lactation (0.651) and
slightly lower at 151-180 days of lactation.

The determination of correlations established a high positive effect of the duration
of lactation on the content of lactose in milk (r=0.497), dry non-fat milk residue (r=0.369)
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and freezing point (r=0.457) in samples taken in June, the remaining relationships are
negative. In milk samples taken in August, the duration of lactation is most (negatively)
correlated with the fat/protein ratio, fat and dry matter content in milk.

The influence of mares' age on daily milk yield is given in Table 7, the data of
which prove the superiority of daily milk yield of mares aged 9-13 years in June, and
older ones (14 years and older) in August. The level of the correlation coefficient between
daily milk yield and mares' age was positive, of medium strength, almost the same in June
(r=0.431) and August (r=0.352).

Table 7
Daily milk yield of mares of the Novooleksandrivka heavy-duty breed depending
on the age of the mares

Milk yield,kg
Age of mares, days | n — — - P
1 milking 2 milking Daily milking
June
4-8 years 6 0,883+0,087 1,400+0,100 2,283+0,180
9-13 years 6 1,192+0,156 2,033+0,445 3,225+0,564
14 years and older 4 1,275+0,075 1,588+0,156 2,863+0,221
Average: 16 | 1,097+0,079 1,684+0,180 2,781+0,240
August
4-8 years 6 0,842+0,052 1,425+0,070 2,267+0,087
9-13 years 6 1,167+0,313 1,217+0,240 2,400+0,531
14 years and older 4 1,300+0,147 1,550+0,106 2,850+0,205
Average: 16 1,078+0,127 1,378+0,098 2,463+0,205

The influence of mares' age on milk quality indicators is given in Table 8, the data
of which prove the superiority of dry matter content in milk of mares aged 10-13 years in
June, and older (14 years and older) in August. In groups of mares of the same age
category, the fat content in milk was higher. The protein content was highest in milk of
mares aged 4-8 years in both June and August, and the lactose content in the oldest mares.
The freezing point indicator differed little in different groups of mares, but was higher in
older mares (14 years and older). The correlation indicators between the age of mares and
the quality indicators of their milk in June and August were low.

The age of mares affects the duration of their foaling, as evidenced by a positive
probable correlation coefficient of medium degree (r=0.396).
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Table 8

Milk quality indicators of experimental mares of the Novoaleksandrovsk
heavy-duty breed depending on the age of the mares

Milk quality indicators | Age of mares, years
June
n 4-8 9-13 14 and older r
6 6 4

Content, %: dry matter 9,360+0,060 | 9,425+0,063 | 9,348+0,073 | 0,139**

fat 0,063+0,07 | 0,168+0,022 | 0,075+0,022 | 0,153*

protein 1,677+£0,038 | 1,648+0,022 | 1,638+0,040 | -0,005*

lactose 6,870+0,083 | 6,857+0,033 | 6,885+0,052 | 0,046*
Ratio: fat/protein 0,037+0,003 | 0,100+0,030 | 0,045+0,013 | 0,161*
(53 ry non-fat milk residue, | g 33,0 058 | 9,253£0,024 | 9,275£0,061 | 0,049%*
Freezing point, °C 0,657+0,006 | 0,657+0,002 | 0,659+0,004 | 0,089*
Number of s:?matlc cells, 0 9 3 0,244*
thousand/cm

August
N 4-8 9-13 14 and older r
6 6 4

Content, %: dry matter 8,970+0,082 | 8,947+0,233 | 9,000+£0,012 | 0,075***

fat 0,043+0,016 | 0,227+0,116 | 0,040+0,011 | 0,185*

protein 1,442+0,017 | 1,410+0,035 | 1,428+0,021 | -0,057*

lactose 6,770+0,070 | 6,608+0,248 | 6,808+0,012 | -0,017*
Ratio: fat/protein 0,030+0,010 | 0,155+0,078 | 0,028+0,009 0,186
E/)Ory non-fat milk residue, | ¢ 9300088 | 8.718£0,257 | 8,960:0,008 |-0,033%**
Freezing point, °C 0,647+0,006 | 0,636+0,019 | 0,650+0,001 | -0,007*
Number of somatic cells, | » 5011 297 | 43 ,00042.403 0 0,041%%*
thousand/cm

Note: *p<0.05; **0.1>p>0.05; ***p>0.1

The duration of foaling of experimental mares was on average 335.6+2.85 days
(lim=320-358) (Cv=3.176). The influence of the duration of pregnancy of mares on the
indicators of daily milk yield is given in Table 9. The advantage in daily milk yield of
mares with a duration of foaling over 350 days was proven according to the results of
control milking in both June and August.

Daily milk yield significantly and positively correlated with high probability
(p<0.01) with the duration of pregnancy of experimental mares in June (r=0.759), for
milk yields in August this correlation was significantly lower (r=0.270). The duration of
pregnancy was positively and significantly correlated with the age of mares in the average
degree (r=0.429). It was established that foals were carried by mares for 9.1 days longer
than fillies (p<0.05).

36



El
Hayxoeo-mexuiunuii broremens Incmumymy meapunnuymea HAAH, 2024, Ne132 F=5

depending on the duration of pregnancy

Table 9
Indicators of daily milk yield of mares of the Novooleksandrivka heavy draft breed

Pregnancy Milk yield,kg
duration, days " 1milking | 2 milking Daily milking
June (06/19/2024)
320-330 4 0,867+0,186 1,233+0,088 2,100+0,265
331-340 7 1,000+0,049 1,429+0,071 2,500+0,076
341 and more 5 1,213+0,142 1,988+0,218 3,200+0,117
On average: 16 1,097+0,079 1,684+0,180 2,781+0,240
August (08/10/2024)

320-330 4 1,015+0,009 1,283+0,017 2,317+0,044
331-340 7 0,857+0,047 1,400+0,072 2,257+0,083
341-350 5 0,988+0,200 1,200+0,331 2,188+0,503
On average: 16 1,078+0,127 1,378+0,098 2,463+0,205

The influence of the duration of pregnancy of mares on milk quality indicators is

given in Table 10.

Table

10

Milk quality indicators of experimental mares of the Novooleksandrivka heavy-
duty breed depending on the duration of their pregnancy

Milk quality indicators

Duration of pregnancy, years

June
320-330 331-340 |341 and more
n r
4 7 5
Content, %: dry matter 9,267+0,015 | 9,338+0,060 | 9,628+0,204 | 0,369*
fat 0,067+0,003 | 0,100+0,033 | 0,298+0,187 | 0,242*
protein 1,583+0,032 | 1,625+0,025 | 1,620+0,032 | 0,206*
lactose 6,873+0,039 | 6,865+0,069 | 6,950+0,039 | 0,300*
Ratio: fat/protein 0,043+0,003 | 0,063+0,021 | 0,183+0,117 | 0,230*
Dry non-fat milk residue, % | 9,203+0,017 | 9,240+0,060 | 9,330+0,028 | 0,497*
Freezing point, °C 0,657+0,003 | 0,657+0,005 | 0,666+0,004 | 0,364*
Number of 3s.omatlc cells, 0 2 2 0,024*
thousand/cm
August
320-330 331-340 |341 and more
n r
4 7 5
Content, %: dry matter 8,930+0,056 | 9,001+0,064 | 8,773+0,298 | -0,080*
fat 0,037+0,022 | 0,046+0,013 | 0,148+0,098 | 0,220*
protein 1,393+0,035 | 1,426+0,024 | 1,450+0,038 | 0,203*
lactose 6,787+0,024 | 6,803+0,062 | 6,493+0,373 | -0,147*
Ratio: fat/protein 0,027+0,017 | 0,033+0,008 | 0,098+0,061 | 0,221*
Dry non-fat milk residue, % | 8,903+0,041 | 8,959+0,073 | 8,625+0,395 | -0,127*
Freezing point, °C 0,648+0,002 | 0,650+0,005 | 0,626+0,028 | -0,139*
Number of 3somatlc cells, 0 2.14341,100 295 0,144
thousand/cm

Note: *p<0.05; **0.1>p>0.05; ***p>0.1
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The superiority in dry matter, fat and fat-protein ratio in milk samples of
experimental mares with a gestation period of more than 340 days was proven according
to the results of control milking in both June and August. This gradation of mares also
had the highest lactose content and freezing point index in samples taken in June and
protein in samples taken in August. In mares whose gestation period was 331-340 days,
the highest protein content and dry non-fat milk residue in milk samples obtained in June
and freezing point index in samples obtained in August were found.

It was found that mares that foaled with foals had a high degree of probability
(p<0.01) higher daily milk yield, as well as milk yields for the first and second milking
(Table 11). This may be due to the fact that foals are born larger and require a larger
amount of milk, which is controlled by the hormonal background of the mare (Aoki T.,
2013; Robles M., 2018). Milk yield in June in mares that gave birth to foals was
significantly higher (by 0.511 I, p<0.01) than in August. In mares that gave birth to fillies,
the milk yield level remained unchanged with minor fluctuations in the indicator between
the first and second milking.

Table 11
Daily milk yield indicators of mares of the Novoaleksandrovsk heavy-duty breed
depending on the month of milking and the sex of the foals

The sex of the Milk yield,kg
foal " 1milking | 2milking | Daily milking
June (19.06.2024)
Stallions 10 1,094+0,078 1,628+0,148 2,722+0,168
fillies 6 0,910:0,046 1,410+0,105 2,320+0,085
August (10.08.2024)
Stallions 10 0,933+0,091 1,267+0,137 2.211£0,210
fillies 6 0,920+0,107 1,400+0,114 2,320+0,208

The milk quality indicators of the studied mares depending on the sex of their
foals are given in Table 12.

Table 12
Quality indicators of the daily milk yield of mares depending on the sex of
their foals
Milk quality June August
indicators stallions filly stallions filly
0 .

(rf]‘;?tt:r”t’ % dry 0,440+0,043 | 9.265:0,021 | 8,992+0,136 | 8.930+0,071
fat 0,140+0,036 | 0,060+0,013 | 0,156+0,073 | 0,036+0,012
protein 1,644+0,021 | 1,668+0,031 | 1,435+0,018 | 1,412+0,028
lactose 6,900+£0,032 | 6,798+0,025 | 6,688+0,147 | 6,770+£0,070
Dry non-fat milk 9,300+0,028 | 9,208+0,023 | 8,834+0,156 | 8,9070,081
residue, %
Fat/protein ratio 0,083+0,021 | 0,035+0,006 | 0,106+0,049 | 0,027+0,008
Freezing point, °C 0,660+0,002 | 0,652+0,002 | 0,642+0,011 0,647+0,005
Somatic cell count, 0 1.25040,750 | 26,00£25.45 | 1,667+1,174
thousand/cm
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It was found that in milk samples (selected both in June and August) from mares
that gave birth to foals, the content of dry matter was higher (by 0.448 and 0.335 ml,
respectively), fat (by 0.08 and 0.12%, respectively), and the ratio of fat to protein. The
protein content was higher in samples taken in June from mares that gave birth to fillies,
and in August from those that gave birth to foals, however, the difference is small and
insignificant. The lactose content, on the contrary, was higher in samples taken in June
from mares that gave birth to foals, and in August from mares, the same trend was
observed in terms of dry non-fat milk residue and freezing point. A small number of
somatic cells was detected in samples taken in June from two mares that gave birth to
fillies, in August from four mares that gave birth to foals of both sexes.

Discussion. The results of our studies have proven the influence of the month of
lactation on the quantity and quality of milk of mares of the Novoaleksandrivka heavy
draft breed, with more milk being obtained from the second milking. All milk samples
showed low fat and protein content and high lactose content, which is also confirmed by
other researchers (Malacarne et al., 2002; Ciesla et I., 2009; Goncharenko, 2012). The dry
matter, protein, lactose and SMP content were higher in June, and the protein content
(and, accordingly, the fat-protein ratio), freezing point and the number of somatic cells
(detected only in a few mares in insignificant quantities) were higher in August. In milk
examined in both June and August, a higher content of almost all milk quality indicators
was found in samples from the first milking.

High probable positive correlations were established between daily milk yield and
dry matter content, fat, and fat-protein ratio. In milk milked in August, these relationships
were weaker. In all samples, a negative relationship was established between the amount
of milk and the content of somatic cells.

The effect of lactation duration on daily milk yield and milk quality indicators of
experimental mares was proven. Thus, the highest daily milk yield was recorded in mares
that began lactating later and were in June at 62-90 days, and in August at 114-150 days
of lactation. Morresey, (2012) also emphasizes that mares produce the highest amount of
milk in the first months of lactation. The highest dry matter, fat and fat/protein ratio were
found in milk samples collected in June from mares at the earliest stages of lactation (62-
90 days). The protein, dry non-fat milk residue and freezing point values remained almost
unchanged. The number of somatic cells was insignificant, and they were not detected at
all in milk samples from most mares. In August, the highest dry matter and fat content,
as well as the fat/protein ratio, were found in milk samples from mares also at the earliest
stages of lactation (114-150 days). The protein content in milk was significantly higher
in mares at 151-180 days of lactation, and the lactose content (r=0.497) and SZZM
(r=0.369) at 191-193 days of lactation. The freezing point index was the same in the milk
of mares at the earliest and latest stages of lactation (0.651) and slightly lower at 151-180
days of lactation (r=0.457).

The influence of the age of mares on the daily milk yield indicators was proven,
which is confirmed by the superiority in daily milk yield of mares aged 9-13 years in June
(r=0.431), and older (14 years and older) (r=0.352) in August. In terms of dry matter
content in milk, mares aged 10-13 years prevailed in June, and older (14 years and older)
in August. In groups of mares of the same age category, the fat content in milk was higher,
the protein content was highest in the milk of mares aged 4-8 years in both June and
August, and the lactose content was highest in the oldest mares. The freezing point index
differed little in different groups of mares, but was higher in older mares (14 years and
older).

It was found that the duration of foaling in experimental mares was on average
335.6+2.85 days (1im=320-358) (Cv=3.176) and was associated with the age of the
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experimental mares (r=0.396) and the sex of the fetus - mares carried foals for 9.1 days
longer than fillies (p<0.05). Aoki T. (2013) provides similar data from the study of heavy-
duty mares, the duration of pregnancy of which was on average 334.9+8.3 days, and also
proves that the sex of the foal is one of the main factors affecting the duration of
pregnancy in heavy-duty mares.

The influence of mares' age on daily milk yield indicators was proven, which is
confirmed by the superiority of mares aged 9-13 years in June (r=0.431), and older mares
(14 years and older) (r=0.352) in August. In terms of dry matter content in milk, mares
aged 10-13 years in June, and older mares (14 years and older) prevailed. In groups of
mares of the same age category, the fat content in milk was higher, the protein content
was highest in the milk of mares aged 4-8 years in both June and August, and the lactose
content was highest in the oldest mares. The freezing point indicator differed little in
different groups of mares, but was higher in older mares (14 years and older).

It was found that the duration of foaling in experimental mares was on average
335.6+2.85 days (lim=320-358) (Cv=3.176) and was related to the age of experimental
mares (r=0.396) and the sex of the fetus - mares carried foals for 9.1 days longer than
mares (p<0.05). Aoki T. (2013) provides similar data from the study of heavy-duty mares,
the duration of pregnancy of which was on average 334.948.3 days, and also proves that
the sex of the foal is one of the main factors affecting the duration of pregnancy in heavy-
duty mares. The advantage in daily milk yield of mares with a duration of foaling over
350 days was proven according to the results of control milking in both June and August.
Similar results were reached by Auclair-Ronzaud et al. (2022), who proved that older
mares had higher milk yield than young ones. In terms of dry matter, fat, and fat-to-
protein ratio in milk samples, experimental mares with a gestation period of over 340
days prevailed according to the results of control milking in both June and August. This
gradation of mares also had the highest lactose content and freezing point index in
samples taken in June and protein in samples taken in August. In mares whose gestation
period was 331-340 days, the highest protein and dry non-fat milk residue content in milk
samples obtained in June and the freezing point index in samples obtained in August were
found. It was found that mares that foaled with foals had a high degree of probability
(p<0.01) higher daily milk yield. Aoki T. (2013) and Robles M. (2018) attribute this fact
to the fact that foals require a larger amount of milk, which is controlled by the hormonal
background of the mare. Milk yield in June in mares that gave birth to foals was
significantly higher (by 0.511 1, p<0.01) than in August. In mares that gave birth to fillies,
the milk yield level remained unchanged with minor fluctuations in the indicator between
the first and second milking. At the same time, the milk of mares that gave birth to foals,
both in June and August, had a higher content of dry matter (by 0.448 and 0.335 ml,
respectively), fat (by 0.08 and 0.12 %, respectively), and the ratio of fat to protein. The
lactose content, on the contrary, was higher in samples taken in June from mares that gave
birth to foals, and in August - mares, the same trend in terms of dry non-fat milk residue
and freezing point. A small number of somatic cells was detected in samples taken in
June from two mares that gave birth to fillies, in August - from four mares that gave birth
to foals of both sexes.

Conclusions:

1. It was established that the factors of month, milking number, lactation period,
age of mares of the Novoaleksandrivka heavy draft breed, duration of their pregnancy
and sex of foals to varying degrees affect the daily milk yield and indicators of its quality.

2. Daily milk yield was higher in June than in August, while in both June and
August more milk was obtained from the second milking (by 0.587 | in June and 0.300 |
in August). In the milk samples of mares taken in June, a higher content of dry matter,
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protein, lactose and SPPW was observed, and the protein content, fat-to-protein ratio,
freezing point and the number of somatic cells were higher in the samples taken in
August. Almost no somatic cells were detected in the milk of the studied mares, which is
explained by its high antibacterial properties. In the milk of the experimental mares taken
in both June and August, a higher content of almost all the studied indicators in the milk
samples from the first milking was found.

3. A'high level of correlation was established between the daily milk yield of milk
collected in June and the content of dry matter (r=0.856), fat (r=0.728), and the ratio of
fat to protein (r=0.861). In milk collected in August, these correlations were weaker
(0.634, 0.461, and 0.489, respectively). In all samples, a negative correlation was
established between the amount of milk and the content of somatic cells.

4. It was determined that foaling (birth) of mares is seasonal, and therefore, births
of experimental mares occurred in February-March, the lactation period indicator in June
fluctuated within the limits: 62-141 days; in August - 114-193 days. The highest daily
milk yield was characterized by mares that began to lactate later. By determining the
correlation relationships, a high positive effect of the duration of lactation on the content
of lactose in milk (r = 0.497), dry non-fat milk residue (r = 0.369) and freezing point (r =
0.457) in samples taken in June was established, the remaining relationships are negative.
In milk samples collected in August, the duration of lactation is most (negatively)
correlated with the fat/protein ratio, fat and dry matter content in milk.

5. The superiority of mares aged 9-13 years in terms of daily milk yield and dry
matter and fat content in milk samples collected in June, and of older mares (14 years and
older) in terms of daily milk yield and freezing point in milk samples collected in August,
has been proven. The level of the correlation coefficient between daily milk yields and
the age of mares was positive, of medium strength, almost the same in June (r=0.431) and
August (r=0.352).

6. It was established that the duration of foaling (pregnancy) of experimental
mares on average was 335.6+2.85 days (1im=320-358). Daily milk yield was significantly
and positively correlated with high probability (p<0.01) with the duration of pregnancy
of experimental mares in June (r=0.759), for milk yields in August this correlation was
significantly lower (r=0.270). The duration of pregnancy was positively and significantly
correlated with the age of mares in the average degree (r=0.429), while mares carried
foals for 9.1 days longer than mares (p<0.05). The superiority in dry matter content, fat,
fat-to-protein ratio, lactose and freezing point index in milk samples of experimental
mares with a duration of foaling over 340 days was proven according to the results of
control milking in both June and August. In mares whose gestation period was 331-340
days, the highest protein and dry non-fat milk residue content in milk samples obtained
in June and the freezing point index in samples obtained in August were found.

7. It was found that mares that foaled with foals had a high degree of probability
(p<0.01) higher daily milk yield, as well as milk yields for the first and second milking,
their daily milk yield in June was significantly higher (by 0.511 1, p<0.01) than in August.
In mares that gave birth to fillies, the level of milk yield remained unchanged with minor
fluctuations in the indicator between the first and second milking. In milk samples (taken
both in June and August) from mares that gave birth to foals, the dry matter content, fat
(by 0.08 and 0.12%, respectively), and the fat-to-protein ratio were higher. The protein
content in all sections differed slightly and insignificantly. The lactose content, on the
contrary, was higher in samples taken in June from mares that gave birth to foals, and in
August from mares, the same trend was observed in terms of dry non-fat milk residue and
freezing point. A small number of somatic cells was detected in samples taken in June
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from two mares that gave birth to fillies, and in August from four mares that gave birth
to foals of both sexes.
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The issue of optimizing the protein nutrition of bulls by keeping them in the
territory belonging to the 11l zone of radioactive contamination due to the Chernobyl
accident is considered. Experimental studies on young cattle of the Ukrainian black-and-
white dairy breed were conducted in the conditions of the physiological yard of the
Institute of Agriculture of the Polissya NAAS. For the experiment, 2 groups of
experimental animals were formed: Group | (control) - protein deficiency in the diet was
provided by feeding 1.02 kg of pea shoots (Pisum sativum L.), and in Group Il
(experimental) - the same amount of field peas (Pisum sativum, var arvence). Since
different types and amounts of feed were used for feeding the bulls, optimization of the
nutritional value of the feed rations was carried out monthly. The experimental animals
were kept in the same room according to the adopted technology - in stalls on a leash.
The feeding and watering regime, microclimate parameters in both groups were the same.

Optimization of protein nutrition of fattening bulls due to various high-protein
feeds has a positive effect on productivity (875-1023 g) and feed conversion (103.0-120.4
MJ), does not have a negative effect on the slaughter qualities of animals. At the same
time, the use of field peas compared to peas to ensure the normalized need of young cattle
in digestible protein contributed to an increase in the average daily gain of live weight of
animals by 16.9% (P>0.95) while reducing the expenditure of metabolic energy per unit
of gain by 14.5%. The introduction of field peas into the diet of fattening bulls compared
to the use of peas contributed to better digestion of dry matter by 0.2% abs., crude protein
- 3.9 (P>0.95) and fiber - by 0.9% abs. Experimental animals of group Il digested crude
fat (by 1.4% abs.) and BER (by 0.3% abs.) somewhat worse than their peers of group I.
At the same time, the Nitrogen balance in the body was better in the experimental group
bulls compared to the control by 2.9%.

Keywords: bulls, protein nutrition, peas, field peas, productivity, digestibility,
Nitrogen balance.
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MPOAYKTUBHICTH I OBMIH PEYOBUH B OPTAHI3MI
BYT'AHULIB 3A ONTUMIBAILIL IX MPOTEITHOBOT' O
"KUBJIEHHS

Caitnana KOBAJIBOBA, k. c.-T. H., CTapIIuii TOCIiTHUK,
https://orcid.org/0000-0003-1858-625X
IBan CABUYYVYK, 1. c.-T. H., ¢. H. ¢., https://orcid.org/0000-0002-2182-8857
IncruryT ciabebkoro rocnoaapersa Iogices HAAH, 2Kurtomup, Ykpaina

Poszenanymo numanns wooo onmumizayii npomeino6oeo JicusienHs oyeaiyis 3a
ix ympumanHs Ha mepumopii, axa nanexcums 00 111 30nu padioakmuenozo 3a0pyoOHeHHs
snacniook asapii na YAEC. Excnepumenmanbhi 00CHIONCEHH HA MOJOOHAK)Y BENUKOL
pozamoi xy0obu YKpaiHCbKoi YOpPHO-paOO0i MONOUHOI nOpoOu NpPOBOOUNU 8 YMOBAX
Qizionociunoco 0seopy Incmumymy cintbcokoeo eocnodapcmea Ilonicca HAAH. J[na
npogedeHtst 00Cnioy cghopmosarno 2 epynu niodocaionux meapun: I epyna (konmponvhna)
— Odegiyum npomeiny 6 payioni 3ab6e3neuyeanu 3a paxyHox 320008yeanus 1,02 ke oepmi
eopoxy (Pisum sativum L.), a 6 Il (Oocniouiti) epyni - maxoi e KitbKocmi nemowKu
(nomwosuit eopox) (Pisum sativum, var arvence). Ockinvku 3a 200ieni 6yeaiyie
BUKOPUCMOBYBANU PI3HI 8UOU MA KINbKICMb KOPMOBUX 3AC00I8, ONMUMI3AYIA NOHCUBHOT
YiHHOCMI KOpMOSBUX payioHie npogoounucs womicays. Iliooocnionux meapuH
VIMPUMYBAIU 8 OOHOMY NPUMIUEHH] 32I0HO 3 NPULHAMOI0 MEXHOI02IEI0 — V CMIIAX HA
npug ’a3i. Peoicum 200ieni ma HanysauHs, napamempu Mikpoxkiimamy & 060x spynax oyuu
OOHAKOBUMU.

Onmumizayiss npomeinogozo icueieHHs Oyeauyie Ha 6i0200i61i 3a pPAXYHOK
DI3HUX ~ BUCOKOOIIKOBUX — KOPMI8  NO3UMUBHO  NO3HAYAEMbCA  HA  NOKA3HUKAX
npooykmusnocmi (875-1023 2) ma koneepcii kopmy (103,0-120,4 Mic), ne mae
He2amueHo20 6NIUGY HA 3a0iliHi sKocmi meapuH. Boonouac eukopucmanHs nenowxu
NOPIBHAHO 3 20POXOM O/ 3a0e3neyeHHs HOPMOBAHOI nompebdu MONOOHAKY BeNUKOoi
poeamoi xy0oou y nepempasHomy HpOmeiHi CNpusio NiOSUWEHHIO CepeOHbO0000BUX
npupocmis dxcueoi macu meapur na 16,9 % (P>0,95) 3a snuoicenns eumpam oOMiHHOT
eHnepaii Ha oounuyio npupocmy Ha 14,5 %. Beedenus nenowku 0o payiony byeatiyie na
81020016711 NOPIBHAHO 3 BUKOPUCMAHHAM 20POX)Y CHPUSLILO KPAWOMY NepempagieH IO CYyXoi
pevosunu na 0,2 % abc., cupux npomeiny — 3,9 (P>0,95) i knimxosunu — na 0,9 % abc.
Hewo cipuie oocnioni meapunu Il epynu 8ionocno posecnuxis I epynu nepempaesnioganu
cupuii ocup (na 1,4 % abc.) ma BEP (na 0,3 % abc.). Ilpu yvomy b6ananc Himpozeny &
opeanizmi 6y6 Kpawum y oyeauyie 00Ciionoi epynu nopiensano 3 konmpoaem na 2,9 %.

Knrouoei cnoea: Oyeaiiyi, npomeinoge  HCUBNEHHS, 20pOX,  NeETOUIKA,
NPOOYKMuUBHicmo, nepempasHicms, banranc Himpoeeny.

Introduction. The problem of feed protein was and remains the main one in
organizing full-fledged feeding of farm animals. The deficit of digestible protein in the
diets of ruminants is 15-30%, while the production of livestock products decreases by 20-
35%, and the cost and consumption of feed increase by 1.5 times (Razumovskyi N.P.,
Bogdanovych D.M., 2019; Huuskonen A., Joki-Tokola E., 2010). Under such conditions,
the search for opportunities to increase the level of protein supply of animals through the
use of protein-rich feeds acquires particular importance and is relevant in industrial
animal husbandry (Kandyba V. M. et al., 2015; Osmane B. et al., 2017).

According to foreign authors (David L.S. et al., 2024; Volpelli L.A. et al., 2012),
grain legumes are a complete source of protein, amino acids and energy, and they can be
used as a replacement for soybean meal in animal and poultry feeds, as soybean meal is
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becoming scarce and expensive. In addition, the use of legume feeds reduces dependence
on fossil-based nitrogen fertilizers and imported protein concentrates, improves carbon
sequestration and diversifies crop rotations, thereby improving the economics and
sustainability of dairy farming (Réisdnen S.E. et al., 2023; Watson C.A. et al., 2018).

An important reserve for replenishing the protein deficiency in animal diets in
Polesie can be the use of peas, chickpeas, fodder beans, vetches, and narrow-leaved lupine
(alkaloid-free) (Savchuk 1.M. et al., 2022; Savchenko Yu.l. et al., 2013). Pea grain is a
highly valuable legume that is a source of dry matter, energy, and other nutrients for
ruminants (Johnston D.J. et al., 2019). According to reports by domestic researchers
(Sloboda O.M., Sloboda L.Ya., 2010; Savchenko Yu.l. et al., 2007), chickpea grain is
also a highly nutritious feed for domestic animals, it contains about 18% of digestible
protein, which is better than cereal protein in terms of amino acid composition. According
to the authors (Halmemies-Beauchet-Filleau A. et al., 2018; Savchenko Y.I. et al., 2014),
peas and chickpeas may be attractive alternative substitutes for “high-protein” feed
ingredients, as well as cereals in ruminant diets due to their relatively high crude protein
content and starch concentration. This is also supported by the findings presented in the
review by Rungruangmaitree R. and Jiraungkoorskul W. (2017), which highlighted the
health benefits of legume seeds and confirmed the antibacterial, antidiabetic, antifungal,
anti-inflammatory, antioxidant and anticarcinogenic effects of pea seeds.

According to the authors (Osmane B. et al., 2017), when dairy cows were fed diets
containing beans and peas, the fat and protein content in milk significantly increased, and
the total amount of amino acids increased in bulk milk samples. In addition, the addition
of field peas to fattening cows that consumed hay from medium-quality grasses increased
the overall gain in live weight (Soto-Navarro S.A. et al., 2012). As a protein supplement
for feeding beef cattle, the authors (Anderson V. et al., 2007) recommend including field
pea grain in an amount of 15 to 30% of the diet (dry matter basis). According to their
data, the inclusion of at least 10% of field pea grain in the finishing diet improved the
tenderness and juiciness of beef, without affecting the properties of the carcass.

Foreign researchers (Degola L., Jonkus D., 2018; Hanczakowska E. et al., 2019)
did not show a negative impact of the use of legume seeds in pig feeding on meat quality.
On the contrary, Hanczakowska E. and Swiatkiewicz M. (2014) and Sirtori F. et al. (2015)
in their studies note a positive impact of feed mixtures containing legume seeds on the
quality indicators of pork. Taking into account the results of studies presented by many
authors (Prandini A. et al., 2011; Sonta M. et al., 2021) on the use of legume grains in
feeding animals for fattening and their various effects on the quality of livestock products,
continued research in this regard seems quite justified.

The purpose of the research is to establish the productive and slaughter qualities
of bulls, the digestibility of nutrients and the balance of Nitrogen in the body when using
various high-protein feeds in animal diets - peas and field peas.

Materials and methods of research. For the research, bulls of the Ukrainian black-
and-white dairy breed were used, which were kept in the conditions of the physiological
yard of the Institute of Agriculture of the Polissya NAAS. For the accuracy of the
experiments, two separate groups of animals were formed, which were kept on a leash.
The formation of experimental groups was carried out using the balanced group method
according to the methodological provisions of Ibatullin 1. and Zhukorsky O. (2017). The
selection and comparison of animals for testing lasted 31 days. After the end of the
comparative period, 10 animals with similar indicators were selected for each group of
experimental bulls. The study was conducted in the village of Grozyne, Korosten district,
Zhytomyr region, which belongs to the territory with a density of radioactive
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contamination up to 185 kBg/m2 (zone 111). The duration of the experimental period is
122 days.

The experimental bulls were fed twice - in the morning and in the evening. The
animals had free access to automatic water troughs throughout the day.

According to the main study design, during the experiment, young cattle of the
control group were fed with farm ration feed, which included cereal hay, cereal-legume
hay, fodder beet, grain mixture, pea husks and table salt. Pea husks were replaced with
diaper husks for the animals of the experimental group. The deficiency of trace elements
in the diet was ensured by introducing copper and zinc sulfate, cobalt chloride and
potassium iodide into its composition.

Diets formed in accordance with modern detailed feeding standards and taking
into account the actual composition and nutritional value of feed, fully provide the animal
body with energy and make it possible to fully reveal the genetic potential in terms of
their productivity (Ibatullin L.1. et al., 2016).

Against the background of scientific and economic research, in accordance with
generally accepted methods in zootechnics (lbatullin LI, Zhukorsky O.M., 2017), a
balance experiment was conducted to determine the influence of the studied factors on
the digestibility of nutrients in feed rations and the assimilation of Nitrogen in the body
of bulls. For the exchange experiment, three animals were selected from each group,
which were kept in individual cages on a leash. The duration of the preparatory period
was 10 days, the main (accounting) period was 7 days. During the research period,
individual records of feed consumed and excreted feces and urine were kept, with the
selection of average samples for analysis.

Before taking the average sample, feces were well mixed and taken in an amount
of 10%, placed in glass jars with ground lids, while for its preservation, a 5% solution of
hydrochloric acid was added at the rate of 10 ml per 100 g of feces, as well as a few drops
of chloroform.

After weighing, urine was filtered and placed in jars with ground lids, taking an
average sample in an amount of 5%, and for its preservation, a 10% solution of
hydrochloric acid was added at the rate of 5 ml per 100 g of urine and 1-2 ml of thymol.
After weighing the feed residues, an average sample (10%) was taken and placed in a
glass jar with ground lids, where a few drops of chloroform were added for preservation.

All average samples were stored until laboratory tests at a temperature of 5-70 °C.

The nutritional value of the rations was determined based on the chemical analysis
of individual feeds and their residues. Zoochemical analysis of feeds was carried out
according to generally accepted methods in the laboratory of agrochemical research,
environmental safety of lands and product quality of the Institute of Agriculture of
Polissya NAAS (Kostenko V. M. et al., 2008; Vlizlo V. V. et al., 2012). A portion of
feeds, their residues, feces, urine was dried in a drying oven to an air-dry state at a
temperature of 60-65 ° C and the initial moisture was determined. Then, by drying the
air-dry portion in a drying oven to a constant mass at a temperature of 100-105 ° C,
hygroscopic moisture was investigated. Total moisture was determined by calculation.

In addition, the following were determined in the studied material: total Nitrogen
— by the classical Kjeldahl method; crude fiber — by Henneberg and Stoman; crude fat —
by the method of extraction of an absolutely dry sample in a Soxhlet apparatus; crude ash
— by combustion in a muffle furnace at a temperature of 500-600°C; Calcium — by the
trilonometric method using fluorexon; Phosphorus — by the photocolorimetric method,
crude protein, nitrogen-free extractives (BER), metabolic energy — by calculation;
digestible protein, sugar, starch, trace elements, vitamins — according to reference data
(Bomko V. S. etal., 2010). Nutrient digestibility was calculated by the difference between
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nutrients that entered the animal body with feed and their amount excreted with feces.
Nitrogen balance in the body of bulls was calculated as the difference between the amount
of substances consumed from feed and their excretion with feces and urine.

Live weight of bulls was determined by individual weighing before morning
feeding at the beginning and end of each experimental period and monthly, and payment
for food feed by live weight gain was calculated (based on the expenditure of metabolic
energy per unit of production in animals of the control and experimental groups).

To assess meat qualities, a control slaughter of animals was carried out - 3 heads
from each group, the live weight of which corresponded to the average indicators in the
groups, using the technology adopted at meat processing enterprises. The weight of a
paired carcass and internal fat, slaughter indicators were calculated by dividing the weight
of a paired carcass by the live weight after starvation.

The results of the studies were processed by standard methods of variational
statistics using POM and computer programs for statistical processing Microsoft Excel
were used. The levels of statistical significance (reliability) in the tables were indicated
using letter superscripts in the following correspondence: *P > 0.95; **P > 0.99; ***P >
0.999 (Ruban S.Yu. et al., 2020).

During the experimental studies, all biotic requirements for animals were
observed, which correspond to the Law of Ukraine “On the Protection of Animals from
Cruelty” dated 03/28/2006 and the “European Convention for the Protection of Vertebrate
Animals” dated 11/13/1987, the Order of the Minister of Education and Science, Youth
and Sports of Ukraine dated 03/01/2012 No. 249, registered in the Ministry of Justice of
Ukraine on March 16, 2012 under No. 416/20729 on the “Procedure for Conducting
Experiments and Experiments on Animals by Scientific Institutions (European..., 1986;
Order of the Ministry of Education..., 2012).

Research results. A characteristic feature of young animals is their ability to grow
and increase live weight. The increase in body weight of young animals is influenced by
the fullness of feeding. The productive effect of the feeding factors studied is usually
assessed primarily by the parameters of growth and development of animals, the
consumption of feed nutrients and energy per unit of growth.

The results of the studies showed that under the same conditions of feeding and
keeping animals, bulls, depending on the type of protein feed in the diet, had different
live weights at the end of the experiment (Table 1). At the beginning of the studies, the
live weight of the experimental animals ranged from 277.8 kg to 281.7 kg in terms of
groups. The intergroup difference in this indicator was insignificant and amounted to
1.0% in favor of bulls of the I (control) group. The use of field peas in the grain mixture
for fattening young cattle of the 11 group led to an increase in their live weight at the end
of the experiment to 403.6 kg, which is 18.0 kg more than the indicator of peers of the |
group with a significant intergroup difference (P > 0.95).

By optimizing the protein nutrition of bulls at the expense of various high-protein
feeds, a high intensity of their growth was obtained. Thus, this indicator when using peas
for feeding animals was 875 g, field peas - 1023 g. Young cattle of the Il (experimental)
group in terms of average daily live weight gains exceeded their peers from the | (control)
group by 148 g, or by 16.9% with a significant difference (P > 0.95). The expenditure of
metabolic energy and digestible protein per 1 kg of live weight gain varied within 103.0-
120.5 MJ and 818-957 g, respectively. These indicators in bulls of the Il group compared
to their peers in the I group were lower by 14.5%.
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Table 1
Live weight gain of fattening bulls and metabolic energy expenditure per
1 kg of gain (n=10; M £+ m)

Indicators Groups
control (I) | experimental (1)

Live weight, kg: at the beginning of the
experiment 281,7+4,71 278,8 £3,32
at the end of the experiment 388,5+3,44 403,6 £ 4,10"
Live weight gain: absolute, kg 106,8 £4,51 124,8 + 447"
average daily, g 875 + 34 1023 + 33"
+ or —to control: g - +148

% - +16,9
Nutrient consumption per 1 kg of live weight
gain:
- metabolizable energy, MJ 120,5 103,0
- - digestible protein, g 957 818

Note: *P > 0.95.

Based on the obtained research results, it can be concluded that balancing the
rations for digestible protein at the expense of diaper compared to peas during fattening
of bulls in the Polissya zone of Ukraine has a positive effect on their growth rate and feed
conversion.

By optimizing the protein nutrition of bulls at the expense of various high-protein
feeds, a high intensity of their growth was obtained. Thus, this indicator when using peas
for feeding animals was 875 g, field peas - 1023 g. Young cattle of the 11 (experimental)
group in terms of average daily live weight gains exceeded their peers from the I (control)
group by 148 g, or by 16.9% with a significant difference (P > 0.95). The expenditure of
metabolic energy and digestible protein per 1 kg of live weight gain varied within 103.0-
120.5 MJ and 818-957 g, respectively. These indicators in bulls of the I group compared
to their peers in the | group were lower by 14.5%.

Based on the obtained research results, it can be concluded that balancing the
rations for digestible protein at the expense of diaper compared to peas during fattening
of bulls in the Polissya zone of Ukraine has a positive effect on their growth rate and feed
conversion.

The meat productivity of young cattle is determined by the genotype, level and
quality of feeding, and production technology. The main criteria for its assessment are
pre-slaughter live weight, carcass weight and yield, slaughter weight and slaughter yield.
The obtained results indicate good slaughter qualities of the experimental animals, while
no significant intergroup differences were found in carcass weight and yield and slaughter
yield (Table 2). The pre-slaughter live weight of young cattle ranged from 399.3 kg
(group 1) to 406.3 kg (group II). According to this indicator, the animals of the
experimental group exceeded their peers of the control group by 7.0 kg, or by 1.7% with
an insignificant difference (P<0.95). Against the background of a greater pre-slaughter
live weight of bulls of group 11 relative to analogues of group I, the carcass yield did not
differ significantly - 51.8-52.5%. The slaughter yield varied from 53.6 to 54.3% and is
characteristic of fattening young animals of the Ukrainian black-and-white dairy breed.
In animals of group Il (experimental) the slaughter yield was 0.7% abs. higher than in the
control.
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Table 2
Slaughter qualities of experimental bulls (n =3; M £+ m)
. Groups

Indicators control () control (1)
Pre-slaughter live weight, kg 399,3 +5,78 406,3 +1,81
Weight of paired carcass, kg 206,8 £9,32 213,3+4,19
Carcass yield, % 51,8 +1,97 52,5+0,78
Weight of internal fat, kg 7,4 £ 0,80 7.4+ 0,69
Fat yield, % 1,85+0,19 1,82 +0,17
Slaughter weight, kg 2142 +£ 10,11 220,7 + 4,49
Slaughter yield, % 53,6 2,22 54,3+ 0,93

Analysis of the results of the balance experiment showed that the digestibility of
nutrients in the diets of bulls of both groups was at a sufficiently high level (Table 3).

Table 3
Digestibility of nutrients in the diet of bulls, % (n=3; M £ m) (n=3; M £+ m)
. Groups

Nutrients control (1) control (1)

Dry matter 742 +1,42 74,4 + 0,89
Crude protein 59,3+ 0,38 63,2 +0,93"
Crude fat 53,5+ 2,80 52,1+1,33
Crude fiber 70,2 + 1,78 71,1+ 1,72
nitrogen-free extractive substances 83,7+ 1,82 83,4+1,19

Note. "P > 0,95.

After analyzing the results of the research, it can be stated that the digestibility
coefficients of feed nutrients in the body of the experimental bulls were within the range
typical for this live weight of animals, and did not significantly differ between the groups,
with the exception of crude protein. The digestibility of crude protein in the body of
animals of the experimental group, which were fed diaper rags as part of the diet, was
significantly higher compared to the peers of the control group by 3.9% abs. (P > 0.95).

In complex metabolic processes, one of the main places belongs to protein
metabolism, the main indicator of which is the balance of Nitrogen in the body of animals.
The study of the balance of Nitrogen in animals has both scientific and practical
significance, and with the use of new feed - even more so. Balance is one of the factors
characterizing the biological value of feed and is the main indicator of the degree of use
of nitrogenous substances of feed by animals, allows us to give a fairly objective
assessment of metabolic processes associated with the transformation and synthesis of
proteins in the body.

The results of the experiment on the use of Nitrogen from feed rations in the body
of fattening bulls, under the influence of the studied factors, are presented in Table 4. The
analysis of the physiological experiment shows that the balance of Nitrogen in the body
of young cattle of both experimental groups was positive and was at a sufficient level to
meet physiological needs. At the same time, some intergroup differences in the excretion
of Nitrogen with feces and urine were established, which significantly affected the
efficiency of the use of digested Nitrogen in the body of animals. It was found that with
the feces of bulls of group 1, a greater amount of Nitrogen was excreted than in analogues
from group 11 by 3.51% abs.
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Table 4
Average daily balance of Nitrogen in the body of experimental animals, g/head.
(n=3; M + m)
Indicators Groups
control (1) control (1)

Intaken with feed 240,62 235,22
Excreted with feces 88,21 £ 1,50 77,98 + 3,96

% of intake 36,66 33,15
Digested 152,41 £ 1,50 157,24 + 3,96
Excreted with urine 24,59 £ 2,54 25,72 +£ 2,53

% of intake 10,22 10,93

Total excretion 112,80 + 1,90 103,70 + 1,94"
Deposited in the body 127,82 + 1,90 131,52+ 1,94
Absorbed, %: of intake 53,12+ 1,20 55,91 £ 1,24

of digested 83,87 £1,69 83,64 + 1,36

Note. “P > 0,95.

The analysis of the physiological experiment shows that the balance of Nitrogen
in the body of young cattle of both experimental groups was positive and was at a
sufficient level to meet physiological needs. At the same time, some intergroup
differences were found in the excretion of Nitrogen with feces and urine, which
significantly affected the efficiency of using digested Nitrogen in the animal body. It was
found that with the feces of bulls of group I, a larger amount of Nitrogen was excreted
than in analogues from group 11 by 3.51% abs.

According to the results of the research, it was found that in young cattle of group
Il (experimental), the grain mixture of which included of field peas, the average daily
excretion of Nitrogen with urine was the largest - 25.72 g, which is 10.93% of the intake.
As a result, the animals of the experimental group excreted 9.10 g/head/day less nitrogen
with feces and urine than the same-sex animals of the control group (P > 0.95). Therefore,
in the body of bulls of group I, nitrogen deposition was 131.52 g/head/day, or was 2.89%
higher than the indicators of analogues from group | (P < 0.95). In addition, the
introduction of field peas into the feed rations increased nitrogen absorption in young
cattle of the experimental group compared to the control by 2.79% abs. Nitrogen
absorption from digested food between animals of both groups did not differ significantly
and was 83.64-83.87%.

Discussion. Pisum sativum L., known as green peas, dry peas or field peas, is an
important legume crop that is a source of proteins, vitamins, minerals and biologically
active compounds that are beneficial to human health (Fahmi R. et al., 2019). Peas are
cultivated in almost all countries of the world and are considered an integral part of the
human diet (Han X. et al., 2023). The largest producer of peas in the world is Canada,
followed by China, Russia and India (Raghunathan R. et al., 2017).

The energy nutritional value of 1 kg of pea grain is 11.2 MJ of metabolic energy
with a content of 192-195 g of digestible protein, 12.7-14.2 - lysine, 4.3-5.5 - methionine
with cystine, 2.0 - tryptophan, 2.0-2.5 - calcium and 3.5-4.3 g of phosphorus (Gnoevy
V.1. et al., 2009; Ge J. et al., 2020). Higher growth intensity indicators and nitrogen
balance in the body of bulls of group 11 compared to their peers of group | can be explained
by a slightly better provision of their diets with protein and its better amino acid
composition. The content of essential amino acids in the diet feed can serve as one of the
indicators of the overall quality of protein.

At the same time, according to the authors (Shi L. et al., 2018; Hugman J. et al.,
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2021), peas contain, albeit in small quantities, anti-nutrients (trypsin inhibitors, tannins,
lectins, and phytic acid). Therefore, when pea grains are fed to animals without prior
preparation and in significant quantities, protein digestibility decreases and growth slows
down (Wu D.-T. etal., 2023), which is consistent with the results of the conducted studies.

In addition, according to reports by domestic and foreign authors, in ruminants, an

increase in the amount of tannins above a certain level suppresses the rumen microflora,

which negatively affects their use of feed nutrients (Savchenko Y.I. et al., 2014; Ge G.

Etal., 2021).

Conclusions.

1. The use of field peas in the feed rations of bulls for fattening compared to peas
to ensure the normalized need for digestible protein in the conditions of Polissya, Ukraine
significantly increases the average daily gain in live weight (by 16.9%) and reduces the
expenditure of metabolic energy per unit of gain (by 14.5%), without significant
intergroup differences in slaughter indicators.

2. Optimization of protein nutrition of animals by introducing of field peas into
the ration had a positive effect on the digestibility of crude protein in the body of bulls of
the experimental group, which turned out to be significantly higher compared to the peers
of the control group by 3.9% abs. (P > 0.95). Nitrogen deposition in the body of young
cattle of group Il was 131.52 g/head/day, or was higher than the indicator of analogues
from group | by 2.89% (P < 0.95).
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The article examines the current state and dynamics of the development of the
livestock industry in Ukraine and considers the impact of systemic and force majeure
factors on its development in the pre-war period and in the first two years of the Russian
military invasion of Ukraine. It was determined that in Ukraine the rate of reduction of
cattle (from 2.6 to 2.1 million heads) and cows (from 1.5 to 1.2 million heads) in the first
two years of the war exceeded that in the pre-war years, and the production volumes of
milk (from 8.7 to 7.4 million tons) and beef (from 310 to 258 thousand tons) significantly
decreased. A steady increase in cow productivity was noted, both in the pre-war years from
4.6 to 5.1 t/head per year and in the two years of the war from 5.1 to 5.4 t/head.

The state of the livestock industry in terms of economic entities was considered and
it was determined that the share of agricultural enterprises in the structure of milk and
meat production is naturally increasing and reached 75.0% and 37.8%, respectively, in
2023.

Research has established that there is a significant differentiation in livestock
enterprises by the available livestock. Thus, agricultural enterprises with up to 100 heads
of livestock occupy 42.5% of the total number of enterprises, medium-sized (from 100 to
1000 heads) - 42.2%, large (more than 1000 heads) - 17.8%. It was determined that a
smaller number of enterprises with more than 1000 cows have a larger livestock (63.9%)
and produce a larger share of milk compared to small ones (up to 100 cattle).

An analysis of the economic activities of the Agro-Novoselivka 2009 private
enterprise in Novovodolazha district, Kharkiv region was conducted, which revealed that
the enterprise has a meat and grain specialization. Analysis of the income structure by
industry revealed the advantages of the livestock industry over crop production, especially
in critical war conditions. It was determined that livestock production is less dependent on
exports of products, and crop production is more export-dependent.

Keywords: cattle breeding, cows, milk, meat, efficiency, profit, level of profitability,
agricultural enterprises.
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Incruryr TBapuHHunTBa HAAH YKpainu

B cmammi 0ocniosceno cyuacnuii cman i OUHAMIKY pO38UMKY 2aly3i CKOMApPCmMea
6 Vkpaini ma po3enaHymo numauHs wooo eniugy Gakmopie cucmemHo2o0 ma gopc-
MAdCOPHO20 Xapakmepy Ha ii po36UMOK 8 O0B0EHHUL Nepiood i 3a nepuii 08a poKu
POCIUCLKO20 B0EHH020 6mMop2HenHA 6 Ykpainy. Buznaueno, wo 6 Ykpaini memnu
CKOPOUYEHHs N020N1i8 s 6enuKoi poeamoi xyooou (3 2,6 oo 2,1 man. eonig) ma xopis(3 1,5
00 1,2 man. conig) 3a nepuii 08a poKu GIlIHU BUNEPEONHCAIU MAKI Y O0BOEHHI DOKU, A
obcseu eupobruymea moaoka (3 8,7 0o 7,4 man. mown) ma snosuuunu (3 310 0o 258 muc.
MOH) cymmeeo ckopomuaucs. Biosnaueno nesnaunnuii picm npooyKmueHocmi Kopie, K
Y 0080€HHI poku 3 4,6 00 5,1 m/2on 3a pix mak i 3a 06a poxu sitinu 3 5,1 do 5,4 m/2on.

Pozenanymo cman eanysi ckomapcmea 6 po3pizi cyb’ekmie 20cnooapcbkoi
OisIbHOCMI T BUBHAYEHO, W0 YACMKA CLIbCLKO2OCNOOAPCHKUX NIONPUEMCINGE 8 CIMPYKMYPI
BUPOOHUYMBA MOJIOKA [ M SICA 3AKOHOMIpHO 30inbuyembcs i docsiena y 2023 poyi
810noegiono 0o 75,0% ma 37,8%.

Hocniosxcennamu 6cmanogneno, wo 8 meapuHHUYbKUX RIONPUEMCIEAX ICHYE
cymmesa  ougpepenyiayisi ~ 3a  HAAGHUM  NO20AI8’AM  XyOoOu. Tax,
cintbeocnnionpuemcmasa, wo maroms 0o 100 2onié xyoobu, 3aiumaromos 6 3a2aibHill
Kinekocmi nionpuemcms 42,5%, cepeodni (8io 100 oo 1000 zonig) — 42,2%, kpynni
(binvwe 1000 eonig) — 17,8%. Busnaueno, wo meHwia KilbKicmb RIONPUEMCME 3
HasagHnicmio kopie nonao 1000 eonis naniuye 6invuie nozonis’s (63,9%) ma eupobase
OinbULY YACMKY MONOKA NOPIBHAHO 3 OpioHumu (0o 100 2onié xyoobu ).

IIposedeno ananiz cocnodapcuvkoi oisnvrocmi 1111 «Aepo-Hoeoceniska 2009
Hoesosooonasvkozo pationy, Xapkiecvkoi obnacmi, sAKuu 8Us6U8, o NIONPUEMCMBO MAE
M’sico-3epHo8y cneyianizayito. Ananiz cmpykmypu 00xo00i6 no 2any3ax, UAEUE nepesacu
MBAPUHHUYBLKOT 2aLy3i 6I0HOCHO POCTUHHUYMEBA, 0COOIUBO Y KPUMUYHUX YMOBAX BIlIHU.
Busnaueno, wjo npooykyis meapuHHUymea € MeHul 3a1edCHOI0 8i0 eKCNopmy npooyKyii,
a npooyKYis pOCTUHHUYMBA € OiNbUL eKCNOPMO3ATIEHCHOIO.

Kniouosi cnosa. cxomapcmeo, Kopoeu, MoaoKo, M'aco, epexmusHicmo,
npubymox, pieenb peHmabenbHOCmi, CilbeOCNNIONPUEMCMEA.

Introduction. The dairy subcomplex is an important component of Ukraine's
agro-industrial production, and the livestock sector is its basic raw material foundation
and ensures the state's food security in the main types of food - dairy products and meat,
and also generates significant amounts of added value due to the significant labor intensity
of milk production and processing activities. Even before 2021, structural changes began
in the dairy livestock sector, and the conditions of martial law became a catalyst for the
corresponding processes. As a result, the livestock sector in Ukraine has undergone
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significant structural deformations in recent years, which will only intensify in the near
future. In Ukraine, many researchers are studying the effectiveness of the development
of the livestock sector. Developments on these issues are presented in the works of such
economists as Latynin M. (2000), Lavruk O. (2020), Petrychenko O. (2018),
Krasnorutskyi O. (2020), Kernasyuk Yu. (2020), Ryzhkov V. (2007), Shiyan N. (2019),
Shust O. (2021), etc.

A number of Ukrainian scientists believe that the functioning of the dairy
subcomplex affects the national economy (Lavruk O.V., 2020; Shust O.A., 2021). Kozak
O.A. (2020) supports this view and argues that the dairy sector accounts for 36.1% of the
value of gross livestock production and 9.5% of all agricultural production in Ukraine.
The special importance of dairy farming lies in the fact that its products (milk) are sold
daily - this makes it possible to constantly renew the working capital of commodity
producers and dairy industry enterprises, to use labor resources, equipment and
production facilities more fully and evenly.

Most modern scientists believe that determining ways to improve the economic
mechanism in livestock farming lies in the plane of ensuring a level of profitability for
commodity producers of the industry's products, which would stimulate them to increase
the volume of its production and expanded reproduction (Pidpala T. V., 2018; Shiyan
N.I., 2019; Eyfeel A., 2022; Kernasyuk Y. V., 2020).

In her research, Antoshchenkova V. V. (2020) notes that specialized production,
asarule, is highly intensive and efficient. That is, the higher the level of concentration of
dairy cattle breeding, the higher the level of specialization of the enterprise on the
products of this industry, and narrower specialization allows enterprises to concentrate
economic resources on the production of one or several types of products. However,
according to L. Melnyk and P. Makarenko (2002), a simple increase in the scale of
production by increasing the level of concentration and specialization of production is
unlikely to provide an increase in the level of economic effect.

Gladiy M. R., Prosovych O. P. (2022), studying the current state and trends in the
development of the dairy industry of Ukraine, argue that it is systemic rather than
situational factors that were the cause of the current crisis in the industry and it is in the
conditions of martial law that new opportunities for the development of the dairy business
appear. Shiyan N. I. (2021) supports their opinion and proves that profitable production
of beef by business entities in the industry is ensured at a level of specialization of more
than 60.0%, and milk - above 63.8%.

A number of scientists believe that in households, land, labor and material
resources are used more efficiently compared to their use in agricultural enterprises
(Tkach G. V., 2004). Therefore, the amount of profit per unit of land area could be higher
in them (Makarenko Yu. P., 2013).

However, despite the significant number of studies on the efficiency of the
livestock industry, there is a need to identify the factors that most significantly affect the
current conditions of its functioning. Important, in our opinion, is the issue of identifying
problems that hinder its development and ways to overcome them. No less important is
the study of factors and factors that have largely led to the current state of the industry -
systemic or force majeure, caused by recent crisis events?

The purpose of this article is to assess the current state of development of livestock
farming in Ukraine, to develop theoretical provisions and practical recommendations for
increasing the efficiency of production and sale of milk and meat by agricultural
enterprises in the current crisis conditions of martial law.

Materials and methods of research. The object of the study is the process of
functioning of the livestock industry, both in Ukraine as a whole and in a separate
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enterprise, in critical conditions of war, factors, processes and force majeure factors that
determine its development.

The theoretical and methodological basis of the research is a set of methods,
approaches, principles of scientific knowledge, fundamental provisions of economic
theory, scientific developments on the formation of a mechanism for the effective
development of livestock farming and substantiation of directions for improving the
efficiency of livestock farming, especially in crisis conditions of war.

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 information base of the research is
the works of domestic scientists, analytical reviews of Ukrainian and foreign experts, as
well as national statistical information on the dynamics of the main indicators of the
livestock industry.

Research findings. Russia’s full-scale invasion of Ukraine on February 24, 2022,
seriously disrupted the country’s food production and food security, putting at risk not
only its food security but also that of the world. Targeted attacks by the Russian army on
Ukrainian agriculture, such as shelling of agricultural facilities and infrastructure across
Ukraine, mining and burning of farmland near active combat zones, a five-month
blockade of Black Sea ports (and the resumption of the blockade as of July 2023), the
Polish border blockade of agricultural exports from Ukraine, and the blowing up of the
Kakhovka hydroelectric dam, have made the functioning of the Ukrainian agricultural
sector extremely difficult. While export-oriented agribusiness suffered the greatest losses,
especially at the beginning of the war, agricultural enterprises and individual peasant
farms were able to adapt to extreme conditions and provide food for the Ukrainian army
and population.

Dairy and meat cattle breeding is one of the most important food security
industries, the purpose of which is to ensure the production of milk and meat in volumes
sufficient to load the production capacities of dairy and meat processing enterprises with
the subsequent production of dairy and meat products. The state of development of the
dairy subcomplex, including its important component - the dairy and meat cattle breeding
industry, affects the social and economic stability of the economic system.

The total cattle population in Ukraine from 2015 to 2021 decreased by almost a
third and amounted to 2.87 million heads, the number of cows during this period
decreased by 493 thousand heads and amounted to 2.64 million heads. In 2022, during
martial law, the cattle population decreased by 230 thousand heads or 8%, in 2023 it
decreased further by 151 thousand (Table 1).

Before the war, 42% of all milk was produced in the regions that were most
heavily shelled and occupied by the Russians. Therefore, as of the end of 2022, the
number of cows was 1.35 million heads. This is 191 thousand heads or 12.4% less than
in 2021. In 2023, the country continued to trend towards a reduction in the number of
cows - it decreased by more than 90 thousand from the beginning of the year. Thus, as of
the beginning of 2024, the total number of cattle was 2.15 million heads, cows 1.26
million heads, which is 7.0% and 7.1% less than in the previous year, respectively. At the
same time, the number of cows in agricultural enterprises for the period from 2015 to
2021. decreased by only 19.6%. Since 2020, the corresponding process has actually
stopped, and in 2021 it amounted to 1.54 million heads. If it were not for the Russian
military aggression, the trend towards an increase in the number of cows would have
continued in 2022. Instead, the result of the actions of the aggressor country was an 8.3%
decrease in the number of cows in 2022 and a 14.2% reduction in 2023 in agricultural
enterprises. Thus, the number of cows in agricultural enterprises as of the beginning of
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2024 is about 73.3% of the figure at the beginning of 2015 and is 1.26 million heads. The
total share of cattle in them as of 2023 is 42.7%, and cows 30.3% (Dezhkomstat of
Ukraine, 2023).

Table 1
Main production indicators of livestock farming in Ukraine for 2021-2023
(farms of all categories)

Indicators 2023 %
2021y. | 2022y. | 2023y. to 2021
Cattle, thousand heads 26440 | 2307,1 | 2156,2 81,6
including agricultural enterprises 1003,4 | 942,1 919,8 91,7
of households 1640,6 | 1365,0 | 1236,4 75,4
Cows, thousand heads 1544,0 | 1352,8 | 1262,9 81,8
including agricultural enterprises 424.6 394,2 382,2 90,0
of households 1119,4 | 958,6 880,7 78,7
Meat production, thousand tons 2438,3 | 2206,7 | 2239,5 91,8
including agricultural enterprises 1720,4 | 1608,1 | 1679,5 97,6
of households 717,9 598,6 560,0 78,0
Beef production, thousand tons 310,5 268,4 256,9 82,7
Milk production, thousand tons 8713,9 | 7767,7 | 7430,4 85,3
including agricultural enterprises 2767,7 | 2644,2 | 2809,9 101,5
of households 5946,2 | 5123,5 | 4620,5 71,7
Average annual milk yield per cow, kg 5155 5119 5476 106,2
including agricultural enterprises 6863 6611 7568 110,3
of households 4604 4569 4664 101,3
Rate of profitability of operating
activities of agricultural enterprises, % 19,2 41,9 21,0 +1,8
2015 - 43.0%

As for households, a similar trend is observed here. The total number of cattle in
them in 2021 decreased compared to 2015 by almost 2 times or by 1.11 million heads,
cows by 703 thousand heads (73.3%). In 2022, their number decreased by 275 and 161
thousand heads, respectively, or 20.1 and 16.8%, in 2023 by 129 and 79 thousand heads,
respectively. heads (10.4% and 8.8%) compared to the previous year The total share of
cattle in the total livestock of the country decreased from 62.0% in 2021 to 57.3% in 2023,
and cows to 69.7%.

In general, the share of cows kept by agricultural enterprises in the total livestock
has been growing dynamically in recent years - from 23.4% as of the beginning of 2015
to 29.2% at the beginning of 2023., and as of the beginning of 2024, the corresponding
figure reached 30.2%. Households, respectively, accounted for almost 70% of the total
cattle population in the country.

The reduction in the livestock population is primarily caused by military
operations in Ukraine. Direct factors during the war include the physical destruction of
livestock and livestock facilities by shelling, bombing, seizure of territories with livestock
there, the bombing of the Kakhovka hydroelectric power station, the impossibility of
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keeping cows and harvesting feed in front-line zones, mining of territories, etc. Indirect
factors influencing the development of the industry include inflation, closed Black Sea
ports, the blockade of land exports of Ukrainian agricultural products by the Poles, as a
result of which there was a significant decrease in prices for crop products on the domestic
market, etc. The difficult macroeconomic situation in the agricultural sector also affected
the work of enterprises and households, where animals are increasingly being sent for
sale due to the financial inability to maintain them.

In Ukraine, processes of concentration of dairy farms have been taking place for
a long time, because keeping a larger number of cows is more economically profitable.
Given this, the number of specialized dairy farms and the number of cows they keep is
increasing in Ukraine. First of all, it should be noted a significant decrease in the number
of enterprises that keep cows: during 2010-2021, their number decreased from 3,741 to
1,686 units (more than 2.2 times). In 2022, their number decreased to 1,440 units (2.6
times less than in 2010). It is especially worth noting that the number of enterprises that
suffered losses increased from 11.0% in 2021 to 20.9% in 2022. It is obvious that the
trend towards a decrease in the number of agricultural enterprises that keep cows will
continue.

Total milk production in Ukraine has been falling rapidly over the last pre-war
years (Dezhkomstat of Ukraine, 2023). Yes, they decreased by almost a quarter (by 1.9
million tons) in 2021 compared to 2015, but in the last pre-war year, milk production
volumes almost began to level out and in 2021 decreased by only 39 thousand tons
compared to 2020. During the years of the war in Ukraine, milk production volumes
continued their negative downward trend. With the beginning of Russia's military
aggression against Ukraine in 2022, they decreased by 947 thousand tons (12.2%), and in
2023 by another 337 thousand tons (4.5%). However, agricultural enterprises, after
reducing milk production volumes in 2022 by 123 thousand tons, increased its production
by 165 thousand tons. to the maximum in recent years of 2.8 million tons.

Despite a significant decrease in the number of cows in agricultural enterprises,
the volume of milk production by them in 2015-2021 was practically unchanged and
fluctuated within the range of 2.67-2.77 million tons (Dezhkomstat of Ukraine, 2023).
This became possible due to a significant increase in the productivity of cows kept by
agricultural enterprises, which increased by 74% over the period 2010-2021 - from less
than 4 thousand kilograms in 2010 to 6.9 thousand kg/head in 2021. In 2022, official
statistics recorded a decrease in cow productivity to the level of 6.6 thousand kg/head,
which is quite logical for the period of martial law, but in 2023, despite all the hardships
(continued war, shelling, power outages, drought, etc.), it increased by as much as 14.4%
to 7.5 thousand kg/head, and in 2024, the average milk yield per cow in farms is expected
to increase by more than 5-7% and cross the mark of 8 thousand kg/head. The reduction
in total milk production is largely due to its decline in households (almost a quarter over
2015-2021). Over the past three years (Statistical Collection, 2022), households have also
continued to significantly reduce milk production: in 2022 by 823 thousand tons or
16.1%, in 2023 by another 503 thousand tons (10.9%). This is due to the fact that as a
result of hostilities, some agricultural workers and farmers were forced not only to cease
economic activity in the agricultural sector, but also to leave their homes.

According to FAO (2022), more than 150,000 farmers / food system workers were
directly affected by the war and/or were forced to migrate. Small-scale producers who
were engaged in growing seasonal products and played an important role in ensuring
employment and income of the rural population found themselves in a difficult situation.
Forced population displacement, conscription of men into the Armed Forces of Ukraine
lead to a shortage of labor and an increase in the workload of women.
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According to FAO (2022), due to the war, rural households in Ukraine suffered
about 2.25 billion USD in losses. Of these, about 1.26 billion USD in losses were caused
in the field of crop production and 0.98 billion USD in livestock production. In Ukraine,
25% of agricultural households stopped or reduced production volumes due to the war,
in front-line regions - 38%. As a result, the share of agricultural enterprises in the total
volume of milk production in Ukraine is growing significantly in dynamics from 31.8 in
2021 to 37.8% in 2023, and according to preliminary estimates, in 2024 it will reach
almost 40%. Also, in 2024, record milk production volumes by agricultural enterprises
are expected to be achieved (about 2.85 million tons, which is 3% more than in 2021). In
contrast, milk production volumes by households are forecast to decrease significantly
and are expected to be about 4.5 million tons in 2024 (two times lower than in 2015), and
their share in the total is 62.2%. Therefore, we can summarize that the dairy cattle
breeding sector in the agricultural enterprises segment, despite the unfavorable conditions
of martial law, began its growth in 2023. Along with other factors, it is due to the
unfavorable situation in the field of crop production, where the cultivation of traditionally
high-margin export-oriented crops has ceased to bring surplus profits to agricultural
enterprises.

Ukraine has been experiencing a process of concentration of dairy farms for a long
time, because keeping a larger number of cows is more economically profitable. Given
this, the number of specialized dairy farms and the number of cows they keep is increasing
in Ukraine. First of all, it should be noted a significant decrease in the number of
enterprises that keep cattle: during 2010-2021, their number decreased from 3741 to 1792
units (more than 2.2 times), including enterprises that kept cows - to 1686. In 2022, their
number decreased to 1533 and 1440 units, respectively (2.6 times less than in 2010). Their
share in the total number of agricultural enterprises is also decreasing and already reaches
less than 10%. It is obvious that the trend towards a decrease in the number of agricultural
enterprises that keep cows will continue (Table 2). At the same time, the number of cows
in agricultural enterprises decreased by only 19.6% from 2015 to 2021. Since 2020, the
corresponding process has actually stopped, and in 2021 it amounted to 1.54 million
heads. If it were not for the Russian military aggression, the trend towards an increase in
the number of cows would have continued in 2022. Instead, the aggressor country’s
actions resulted in an 8.3% decrease in the number of cows in 2022 and a 14.2% reduction
in 2023 in agricultural enterprises. Thus, the number of cows in agricultural enterprises
as of the beginning of 2024 is about 73.3% of the figure at the beginning of 2015 and is
1.26 million heads. The total share of cattle in them as of 2023 is 42.7%, and cows are
30.3% (Dezhkomstat of Ukraine, 2023).

It should be noted that agricultural enterprises engaged in dairy farming are very
differentiated in size, given the number of cows in them. Thus, in 2010, the share of
enterprises that kept up to 100 cows in the total number of enterprises engaged in dairy
farming reached 55.4%. However, in 2021, the share of such enterprises decreased to
43.8%, in 2022 to 42.5%, i.e. decreased by more than a quarter. According to preliminary
data for 2023, it decreased to less than 40%.

It should be noted that small enterprises with a cattle population of up to 50 heads
at the beginning of 2023 occupy a fifth (20.2%) of their total number, and up to 100 heads
- 9.8%, i.e. the total number of small ones is 30%. However, the number of farm animals
they have is 17.1%. Enterprises with a livestock of 100 to 500 heads occupy 33.0%% in
the structure of farms with a specific weight of livestock in its total number at the level
of 14.4%. The share of large specialized enterprises from 1000 to 1500 heads is 8.4%,
over 1500 heads - 9.4% (Dezhkomstat of Ukraine, 2023). It should be emphasized that
the average segment of commaodity producers from 100 to 500 cows as of 2022 accounts
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for the highest share in the structure of 42.7%. In contrast, the share of enterprises that
kept livestock of more than 500 cows in 2010 was only 7.2% in the total number of
enterprises engaged in dairy farming. In 2021, it increased to 13.7% and in 2022 to 14.8%,
or 1.9 times. The share of enterprises that kept a livestock of more than 1,000 cows
increased from 1.2% in 2010 to 4.8% in 2021 and 5.1% in 2022.

Table 2

Grouping of enterprises by the number of farm animals (as of January 1, 2023)
Grouping of | Number of enterprises Number of farm animals
enterprises by number % of total % of total
of animals (head) units number units number

Cattle
up to 50 310 20,2 5,9 0,6
50-99 151 9,8 11,2 1.2
100-499 505 33,0 135,8 14,4
500-999 294 19,2 206,2 21,9
1000-1499 129 8,4 156,7 16,6
more than 1500 144 9,4 426,3 45,3
Total enterprises 1533 100,0 942,1 100,0

Cows
up to 50 403 28,0 8,3 2,1
50-99 209 14,5 15,7 4,0
100-499 614 42,7 1575 40,0
500999 140 9,7 93,1 23,6
more than 1000 74 5,1 119,6 30,3
Total enterprises 1440 100,0 394,2 100,0

Farms with an existing livestock of 100 to 500 heads occupy a total of 42.7% with
a further increase in the livestock per farm. Accordingly, if in 2010, on average, there
were 157 cows per enterprise that kept them, then in 2021 there were already 252, and in
2022 there were 274 cows. It is preliminarily determined that in 2023 the corresponding
indicator approached the level of 300 heads.

In contrast, the share of enterprises that kept a livestock of more than 500 cows in
2010 was only 7.2% of their total number. In 2021, it increased to 13.7%, or 1.9 times.
The share of farms that kept a livestock of more than 1,000 cows increased from 1.2% in
2010 to 4.8% in 2021, that is, 4 times.

The share of the livestock of cows available in agricultural enterprises that kept
up to 100 cows in 2010 was 10% of its total number. In 2021, the share of such livestock
decreased to 5.6%, or almost 1.8 times. By the beginning of 2023, this figure had
decreased to 1.8% (three times the figure for 2021). However, if in 2010 the share of the
cow population in enterprises that kept more than 500 cows was 36.3% of their total
population, then in 2021 the corresponding figure increased to 52.5% (1.45 times). For
the population in farms that kept more than 1,000 cows, the corresponding figures were
11.3% in 2010 and 29.0% in 2021, that is, it increased almost threefold. It is expected that
in 2023 the corresponding trend will continue and the share of cows in farms that keep
more than 500 cows will exceed 53% of the total number, and in those that keep more
than 1,000 cows, it will reach almost a third of the total number of cows (30.3).

If we analyze the grouping of enterprises by the available number of cattle and
cows, the same pattern is determined here, that is, smaller enterprises have a smaller
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number of livestock on their balance sheet. That is, small and medium-sized enterprises
(up to 500 heads of livestock) make up more than half of all enterprises in Ukraine
(63.0%), but keep only 16.2% of the total livestock and at the same time produce
approximately 10 percent of livestock products. The share of agricultural enterprises with
a livestock of 500 to 1,000 is 19.2%, while holding 21.2% of the livestock. The share of
large agricultural holdings and enterprises with a livestock of over 1,000 heads is 17.8%,
but they hold more than half (61.9%) of the total livestock.

Despite this, if in 2010 the share of the cattle population available at enterprises
that kept more than 500 cows was 36.3% of their total livestock, then in 2022 the
corresponding figure increased to 53.9% (1.5 times). For the livestock available at
enterprises that kept more than 1,000 cows, the corresponding figures were 11.3% in 2010
and 30.3% in 2022. It is expected that in 2023 the corresponding trend will continue and
the share of cows in enterprises that keep more than 500 cows will exceed 55% of the
total number, and in enterprises that keep more than 1000 cows, it will reach almost a
third of the total number of cows.

All these factors undoubtedly influenced the efficiency of both the livestock and
livestock industries and the agricultural sector as a whole. Thus, the level of profitability
of the operating activities of agricultural enterprises in 2015 was 43.0%, in 2021 — it
decreased by half to 19.2%, in 2022, despite the military actions, it increased again to
41.9%, in 2023 it decreased by half to 21.0%.

General efficiency indicators show the trend of profitability of production, but
cannot answer the question - what factors influence the formation of the efficiency of
dairy and meat production of each individual enterprise. The representative of the largest
middle class of agricultural producers engaged in meat production is the private enterprise
"Agro-Novoselivka 2009" of Novovodolazha district, Kharkiv region. It is located only
30 km southeast of the regional center, which provides advantages in terms of proximity
to sales markets (the population of the city of Kharkiv is currently about 1.3 million
people), especially livestock products. The total land area of the enterprise is about 3
thousand hectares, agricultural land in 2023 was 2.88 thousand hectares (Table 3).

Despite the approaching military operations close to the city of Kharkiv and the
almost neighboring Izyum district in 2022, the enterprise is increasing its technical
equipment (both in livestock and crop production). At the beginning of 2022, two new
tractors, a new feed mixer, and attachments for them were purchased. Therefore, the cost
of fixed assets in 2022 increased by 12.6 million UAH. (40.6%), in 2023 by 2.1 million
UAH. (4.7%) compared to the previous year. The enterprise has a meat and grain
specialization. Meat production is provided by meat cattle breeding and pig breeding. In
2023, the livestock population increased by 26.4% compared to 2021 and amounted to
713 heads, over the same period, the pig population, despite the continuation of the war,
increased almost threefold and amounted to 6634 heads at the end of 2023. The main part
of meat production on the farm is provided by pig breeding, where gross production is
steadily increasing in proportion to the livestock: in 2022, 718.3 tons of pork were
produced, which is 28.8% more than the previous year. In 2023, 1.38 thousand tons of
pork were produced, which is 2.5 times more than in 2021, and 1.9 times more than in
2022. This was even during the critical years of the war.

The enterprise breeds Aberdeen-Angus cattle, which are kept according to the
free-range system, without year-round use of premises. In winter, cows with suckling
calves are kept on reconstructed and new free-range feeding grounds, and in summer - on
pastures. That is, the conditions for keeping cattle are close to natural conditions
(Prudnikov V.G., 2024; Mikhalchenko S.A., 2020). The farm territory is fenced with a
reinforced concrete fence made of slabs. Such a fence was also built around the free-range

64



E[
Hayxoeo-mexuiunuii broremens Incmumymy meapunnuymea HAAH, 2024, Ne132 F=5

feeding grounds. It serves as a protective barrier for beef cattle from gusts of wind and
drafts. Along the fence on the eastern side (in this natural and climatic zone, the prevailing
winds are from the northeast) of the site, canopies are equipped for rest and shelter from
the weather. On the walking and feeding sites for cows, heifers of calving age and heifers,
the area standards were 15 m?head, for cattle on fattening from 7 to 14 months —
10 m?/head. The feed mixture is distributed to the cattle using a feed dispenser 2 times a
day.

Table 3
Resource potential of PE ""Agro-Novoselivka 2009
. 2023 %
Indicators 2021y.| 2022y. | 2023y. to 2021
Total land area, ha. 3013,8 | 3143,3 | 32404 107,5
including: agricultural land 2661,8 | 2791,3 | 28884 108,5
including arable land 2553,0 | 2680,0 | 2753,0 107,8
hayfields 23,8 26,3 29,9 125,6
pastures 85,0- 85,0 105,5 124,1
Average annual number of employees
employed in agricultural production, 43 42 39 90,7
people
including: in crop production 32 33 29 90,6
in livestock farming 11 9 10 90,9
Average annual cost of fixed assets,
thousand UAH 31072 | 43672 | 45730 147,2
Availability, pcs.: tractors 10 12 12 120,0
combines 5 5 5 100,0
forage harvesters 1 1 1 100,0
Average annual livestock, head: cattle 564 634 713 126,4
COWS 274 294 304 110,9
pigs 2875 4294 6634 230,7
Gross production, kg:
live weight gain, cattle 510,8 | 4473 580,4 113,6
live weight gain, pigs 5577,5 | 7183,0 | 13871,2| 248,7

As reported by Kolisnyk O.1. (2018), the formation of the primary layer of long-
lasting straw bedding on the walking and feeding sites began in September, with straw
being brought in at a layer thickness of 40 cm. At all walking and feeding sites, earthen
mounds were arranged with a height of 1-1.5 m, a width of 15-25 m. The mounds were
covered with straw for comfortable rest of the livestock. Their area per head was 3-5 m?.
Due to the thermal processes that occur in the layer of straw, heat is released, as a result of
which the livestock rests and warms up in adverse weather. To maintain a dry den, straw
was added daily at the rate of 3 kg per head in dry weather and 5-7 kg - in adverse weather
conditions (rain, snow, lowering air temperature).

The war left its mark on both production volumes and the efficiency of operational
activities. Thus, the volume of sales of agricultural products in 2022 significantly decreased
by 21.1 million UAH. or 27.7%, and in 2023 they have already increased by 54.7 million
UAH (74.0%) compared to the previous year (Table 4).
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Table 4
Industry structure of commodity products of LLC ""Agro-Novoselivka 2009
. 2021 . 2022 y. 2023y.
Industne;zglr}gt:ypes of thousan % thousan % thousan %
P d UAH d UAH d UAH
Crop production, total 60933,2 | 64,5 | 33628,3 | 455 | 50601,8 | 39,3
Including: grains and 474355 | 50,2 | 230952 | 31,3 | 30209,0 | 235
legumes
Sunflower 13249,7 | 14,0 | 10533,1 | 14,2 | 20083,2 | 15,6
Livestock production, total | 24169,5 | 25,6 | 39623 | 53,6 77038 | 59,9
Including: meat: beef 3132,8 3,3 2900,8 3,9 2342,3 1,8
pigs 21036,7 | 22,3 | 36722,1 | 49,7 | 74696,4 | 58,1
Sale of other products, | a4 | 99 | 6767 | 09 | 10076 | 08
works and services
Total by household 94440,7 | 100 | 73927,9 | 100 |128648,1 | 100

The structure of commodity products varied significantly over the same period.
Thus, in 2021, the share of the crop sector in the total sales of the enterprise was 64.5%,
and livestock farming was 25.6%. In 2022, these indicators were 45.5 and 49.7%,
respectively, that is, they were approximately equal. And in 2023, livestock farming
already formed a larger share of commodity products - 59.9%, and crop farming - 39.3%.
The lion's share of commodity crop products has traditionally been grain and leguminous
crops and sunflower. Livestock production, respectively, consisted of the sale of pork and
beef, where the latter occupied an unfortunately low level - 1.8-3.9%. Of particular note
is the following ratio between the crop and livestock sectors in the total volume of
commodity production, which was 3 to 1 in 2021, 1:1 in 2022, and 1:1.5 in 2023. This
was, of course, significantly influenced by the price situation in the domestic consumer
market.

The main obstacle to the efficiency of the crop growing industry was, of course,
the full-scale military invasion of our territory launched by Russia, which a priori entailed
force majeure circumstances (especially at the beginning of the war, which was March,
April, May 2022) a shortage of fuel (and sometimes its complete absence) for the 2022
sowing campaign, power outages, local blackouts, the threat of direct military invasion
and shelling, closed ports and blocking of customs on the western border, prices on the
domestic market for agricultural products, etc.).

The average purchase prices for wheat in 2021 were 9,650 UAH/t, sunflower
seeds 19,650 UAH/t (AgroElita, 2021). In 2022, due to the above-mentioned force
majeure factors, wheat prices halved to 4700-4800, and sunflower prices, respectively,
1.5 times to 12560 UAH/t (AgroElita, 2022). In 2023, due to the resumption of grain
exports through the Black Sea ports and increased transit through land borders with
Poland, Slovakia and Romania, they stabilized to some extent and amounted to 7400
UAH/t for wheat and 15120 UAH/t for sunflower, but still did not reach the level of 2021
(AgrokElita, 2023).

Despite all these adversities, the agricultural producer, in particular the Agro-
Novoselivka 2009 PE, maintained its production and production capacity and even ended
both the first and second years of the war with a positive financial result (Table 5).

A detailed analysis of the financial results of the Agro-Novoselivka 2009 PE
(Table 5) showed that the gross income of the enterprise in 2022, for the reasons already
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indicated, decreased very significantly - by 22.2 million UAH. or 30.0%. In the same
year, the management of the enterprise took drastic measures to stabilize production in
both crop production and livestock farming. The result of this work was a sharp increase
in gross output in 2023 to 133.3 million UAH., which is 37.1% and 77.3% higher than
the results of the previous two years, respectively.

Table 5
Economic efficiency of Agro-Novoselivka LLC 2009
: 2023, %
Indicators 2021y. 2022y. | 2023y. t0 2021
Gross income — total, thousand UAH 97206,0 | 749805 | 133317,7 | 1371
Profit (loss), total, thousand UAH 11407,8 89734 | 12783,0 112,1
including: in crop production 9183,1 4016,8 5192,1 56,5
in livestock farming 22247 4956,6 7590,9 341,2
Profitability level — total, % 13,1 13,6 9,6 73,3
including: in crop production 18,4 55 3,8 20,7
in livestock farming 5,3 16,5 12,8 2415
Gross output per 100 hectares of
agricultural land, thousand UAH 3651,9 2686,2 4615,6 126,4
Profit production per 100 hectares of
agricultural land, thousand UAH 428,6 3215 442,6 1033
including crop production 345,0 143,9 179,8 52,1
livestock farming 83,6 177,6 262,8 3144

However, gross income characterizes the overall effect of the enterprise's work,
and the economic component of the production process reveals the profit received from
operating activities, which is the most important structural criterion of production. Thus,
the profit of the enterprise as a whole in 2022 decreased by 2.43 million UAH. (27.1%)
compared to 2021. However, in 2023 it has already grown almost one and a half times or
by 3.81 million UAH. and even exceeded the level of 2021 by 1.37 million UAH or
27.1%.

In the context of individual sectors of the economy, a different picture has
emerged. Let's analyze them separately. The crop sector in the first year of the war
reduced its profits by more than half or by 5.16 million UAH. In contrast, in 2023, by
applying a number of operational measures and adapting the process to critical conditions,
profits were increased by 1.17 million UAH. or 29.3%. But due to the negative impact of
the price of grain and industrial crops on the domestic market and despite the increase in
gross production of crop products in physical terms, this indicator did not reach the level
of 2021 and was almost twice as low (5.19 million UAH). Profits in the livestock sector
in 2022 exceeded the similar indicator of 2021 by 2.73 million UAH. or 2.2 times. During
the second year of the war, the profitability of this sector also tended to grow and
exceeded the previous year by 2.63 million UAH. or 53.1%, and compared to 2021 it
increased more than threefold - 5.57 million UAH. and amounted to 7.59 million UAH,
respectively. Analysis of the structure of income by industry revealed the advantages of
the livestock sector over crop production, especially in critical war conditions. Livestock
production is less dependent on exports, while crop production is more export-dependent.

This trend is quite logical given the price situation on the domestic meat market.
According to AgroPortal (2023), beef prices (in live weight) increased - for bulls with a
live weight of more than 400 kg by 8%, and for cows - by 10% and are, depending on the
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region, 58.00-62.00 UAH/Kg. The first price increase was observed in early autumn 2022,
as pre-war export volumes had already been established, which provoked a gradual
increase in demand and market activation. In addition, the cost of products is also affected
by macro-financial indicators: the level of inflation, subsidies, lending, etc.

A number of economists believe that the most objective and thorough indicator
characterizing the economic efficiency of livestock farming is the production of products
and profit per 100 hectares of agricultural (agricultural) land. The production of gross
products per 100 hectares of agricultural land in 2022 decreased by almost 1 million
UAH. or 36.0% compared to the previous year, in 2023 this indicator increased
significantly: by almost 1 million UAH. (26.4%) compared to 2021 and by 1.92 million
UAH. (71.8%) compared to 2022. As for the profit received per 100 hectares of
agricultural land, it should be noted that it also decreased in 2022 by 107.1 thousand
UAH. (33.3%), and in 2023 it increased by 14.0 thousand UAH compared to 2021. UAH.
against 2022 by 121.1 thousand UAH. or 3.3% and 37.7%, respectively.

In terms of individual industries, it should be noted that the same trend is observed
in crop production and livestock production as in gross output. That is, in the crop
production sector, profit per 100 hectares of agricultural land in 2022 decreased by half
or by 201 thousand UAH., and in 2023 it increased by 36 thousand UAH. (23.6%). In the
livestock sector, this indicator in 2022 more than doubled or by 94 thousand UAH., and
in 2023 it increased by 85 thousand UAH. (1.5 times) compared to 2022, and four times
or 179 thousand UAH compared to 2021. It should be noted separately that in peacetime,
crop production brought the farm three times more profit per 100 hectares of agricultural
land than livestock production. However, under the influence of negative factors of the
war, it was already inferior to the livestock industry in 2022 by 22.7%, and in 2023 - by
43.6%.

Therefore, we must summarize the following. The private enterprise "Agro-
Novoselivka 2009" is an existing example of a medium-sized, modern agricultural
enterprise of the grain and meat direction. Despite the difficult, and in the spring of 2022,
critical situation in our country, the decrease in production and financial indicators in
2022, it withstood all the adversities, applied cardinal, quick decisions regarding
production management, continued to produce and produced crop production products so
necessary for the population agriculture and livestock farming and at the same time
received positive financial results.

Discussion of research results. Before the war, economic instability and the
economic crisis in the agro-industrial complex of Ukraine negatively affected the
development of the livestock industry. From 2015 to 2021, the cattle population in
Ukraine decreased by almost a third and amounted to 2.87 million heads, the cow
population during this period decreased by 493 thousand heads and amounted to 2.64
million heads. Milk production volumes decreased by 1.9 million tons to 8.7 million tons.
However, cow productivity during this period increased from 4.69 to 5.15 t/head.

Force majeure factors caused by the war accelerated the reduction in the cattle and
cow populations by 488 thousand heads (22.6%) and 281 thousand heads (22.3%). Milk
production during the two years of the war decreased by 1.28 million tons or 17.3%,
despite an increase in cow productivity by 321 kg per year. Over the same period, beef
production decreased by 53 thousand tons (20.9%).

Due to the war, rural households in Ukraine, according to FAO estimates, suffered
about 2.25 billion USD in losses, 25% of agricultural households stopped or reduced
production volumes due to the war, in front-line regions - 38%. The total share of cattle
in households in the total number of livestock in the country decreased from 62.0% in
2021 to 57.3% in 2023, and cows to 69.7%. Despite the catastrophic impact of direct
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factors of the war, households remain an important source of food supply. They produce
75.0% of meat and 37.8% of milk in Ukraine.

In general, the share of cows kept by agricultural enterprises in the total livestock
has been growing dynamically in recent years - from 23.4% as of the beginning of 2015
t0 29.2% at the beginning of 2023, and their meat and milk production in 2023 amounted
to 25.0% and 62.2%, respectively.

In Ukraine, the processes of concentration of dairy farms have been taking place
for a long time, because keeping a larger number of cows is considered to be more
economically profitable. Small farms with a livestock of up to 100 cows occupy 42.5%
of all enterprises (of which 28.0% - up to 50 heads), medium - 42.7%, large - over 500 -
9.7% and 1000 cows - 5.1%. However, the largest share of the cow population is
concentrated in large enterprises (over 500 heads) 53.9%, in medium-sized enterprises —
40.0%, and in small ones — 6.1%. Accordingly, the amount of produced products (milk
and meat) is distributed in the same proportion.

The reduction in the animal population is primarily caused by military operations
in the territory of Ukraine. Also, the difficult macroeconomic situation in the agricultural
sector has affected the work of enterprises and households, where animals are
increasingly being sent for sale due to the financial inability to maintain them.

Today, 90% of agricultural enterprises in Ukraine are engaged in narrow
specialization and concentrate only on the production of crop products, which is
considered profitable and win-win. However, the critical force majeure conditions of the
war emphasized that in similar conditions, the livestock industry has advantages
compared to crop production. This is influenced by both systemic and force majeure
factors.

It can be concluded that the livestock sector in the agricultural enterprises
segment, despite the adverse conditions of martial law, began its growth in 2023. Along
with other factors, it is due to the unfavorable situation in the field of crop production,
where the cultivation of traditionally high-margin export-oriented crops has ceased to
bring excess profits to agricultural enterprises. In contrast to the arguments of
Antoshchenkova V. V. (2020) about the need for narrower specialization, it should be
emphasized the need to diversify production and concentrate agricultural enterprises not
on one, but on two or three types of products. It is desirable that these be the branches of
crop production and livestock farming (most often - livestock farming, where two types
of products are formed: milk and meat). And here we completely agree with a number of
authors (Pidpala T. V., 2018, Shiyan N.I., 2019, Kernasyuk Y. V., 2020, Eifeel A., 2022),
who believe that improving the economic mechanism in livestock farming lies in the
plane of ensuring the level of profitability for commodity producers.

An analysis of the production activities of the medium-sized agricultural
enterprise PP "Agro-Novoselivka 2009" of Novovodolazha district, Kharkiv region,
which has a grain-meat specialization and is engaged in the production of grain, pork and
beef, was conducted. Despite the force majeure factors of the war, the enterprise simply
maintained production capacity, and ended both the first and second years of the war with
a positive financial result. In 2022, 8.9 million profit was received with a profitability of
13.6%. In 2023, having applied a number of measures to overcome critical conditions,
the farm increased its profit to UAH 12.7 million with a production profitability of 9.6%.
It should be especially noted that the traditionally profitable crop growing sector of the
enterprise could not withstand force majeure factors and significantly reduced its profits
from UAH 9.1 million in 2021 to UAH 4.0 to 5.1 million in 2022 and 2023. The livestock
sector, on the contrary and in two years of war increased its profitability from 2.2 to 7.6
million UAH. It should be noted that the ratio of crop and livestock sectors in the total
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profit of the enterprise in 2021 was in favor of the first 3: 1, in 2022, livestock farming
already exceeded the first by 25%, in 2023 - the ratio also changed in favor of livestock
farming and amounted to 1.5: 1. This became possible due to the specialization of the
enterprise not on one type of product, but on three: crop production (wheat and
sunflower), pig meat and beef. In this regard, the statement of Antoshchenkova V. V.
(2020) that specialized production, as a rule, is highly intensive and efficient, has a place
to exist. As reported by Izhdolbina O. O. (2021), research experience shows that large-
scale financial support from the state, as a rule, does not guarantee successful production
of livestock products, which is more relevant for large-scale producers. Therefore, we
believe that in crisis conditions, and especially in war and post-war periods, attention
should be paid to the development of small-scale producers (up to 50 and up to 100 cows)
with the use of specialization in two or three types of products and resource-saving
technologies, including keeping livestock in open pastures, according to the technology
adopted in the Agro-Novoselivka 2009 PE.

Conclusions. Based on the research conducted to assess the current state of
development of Ukrainian livestock farming and the formulation of recommendations for
increasing the efficiency of milk and meat production, the following conclusions can be
drawn:

1. It has been proven that the state of the livestock industry was negatively affected
by both the economic crisis in the agro-industrial complex of Ukraine and force majeure
factors caused by the war. The number of cattle and cows in Ukraine decreased sharply
from 2015 to 2021 by 1.1 million heads and 493 thousand heads, respectively, and during
the two years of the war they decreased by another 488 and 281 thousand heads.

2. It has been determined that the total volume of milk production in Ukraine is
declining. Milk production during the two years of the war decreased by 1.28 million tons
or 17.3%, despite the increase in cow productivity by 321 kg per year. During the same
period, beef production decreased by 53 thousand tons (20.9%). The reduction in total
milk production is largely due to its decline in households. According to FAO estimates,
in Ukraine, 25% of agricultural households have stopped or reduced production due to
the war, in frontline regions - 38%.

3. It was determined that the share of cows kept by agricultural enterprises in the
total livestock was growing dynamically and as of the beginning of 2023 reached 30.2%.
Households, respectively, accounted for almost 70% of the total number of cows in the
country. Meat and milk production by agricultural enterprises in 2023 amounted to 75.0%
and 37.8%, respectively. In households, these figures were 25.0 and 62.2%, respectively.

4. It was established that the number of specialized dairy farms is increasing in
Ukraine. Over the past ten years, the number of enterprises that keep cattle has halved
and amounted to 1,533 units in 2022. Small farms with a livestock of up to 100 cows
occupy 42.5% of all enterprises (of which 28.0% - up to 50 heads), medium - 42.7%,
large - over 500 heads - 9.7% and 1,000 cows - 5.1%. The largest share of the cow
population is concentrated in large enterprises (over 500 heads) 53.9%, in medium -
40.0%, and in small - 6.1%.

5. As of the beginning of 2022, more than 80% of agricultural enterprises in
Ukraine were narrowly specialized and focused only on the production of crop products.
The level of profitability of the operating activities of agricultural enterprises in 2015 was
43.0%, in 2021 it halved to 19.2%, in 2022, despite the beginning of aggression from the
Russian Federation, it increased again to 41.9%, in 2023 it halved to 21.0%.

6. The analysis of the production activities of the medium-sized agricultural
enterprise PE "Agro-Novoselivka 2009" of the Novovodolaz district, Kharkiv region
showed that despite the force majeure factors of the war, the enterprise maintained
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production capacity and received profits of 8.9 million UAH. in 2022 and 12.7 million

UAH. 2023 with profitability of 13.6% and 9.6%, respectively. The crop sector could not

withstand force majeure and reduced its profits in 2022 by half (by UAH 5.1 million), in

2023 it increased them by UAH 1.1 million, but still almost half as much as in 2021. The

livestock industry, on the contrary, increased its profits in 2022 by two times (by 2.7

million UAH), in 2023 by another 1.5 times (by 2.6 million UAH).

7. Agricultural enterprises of Ukraine specializing in grain production are
recommended to switch from narrow crop specialization to grain-meat or grain-meat-
milk specialization with the ability to use available resources more efficiently and be able
to withstand the impact of negative force majeure factors. In livestock farming, it is
necessary to apply resource-saving technology with keeping livestock in open grazing
areas.
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This study 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. region (Pomeranian Voivodeship,
northern part of Poland). Twenty-one healthy adult Shetland ponies (11 mares and 10
stallions) aged 6.5 + 1.4 years were used in this study. All horses participated in
recreational riding. The training session started at 10:00 am, lasted 1 hour and consisted
of a cross-country ride including walking (5 min), trotting (15 min), walking (10 min),
trotting (10 min), walking (5 min), galloping (5 min) and walking (10 min). Blood was
collected from the animals' jugular veins in the morning, 90 min after feeding, while the
horses were in the stable (between 8.30 and 10 am) and immediately after the exercise
test (between 11 am and 12 am). Blood samples were taken once per season for one year.
The research highlights the complex interplay between environmental factors and
physiological stressors in modulating antioxidant defence mechanisms. Significant
seasonal variations in the activities of SOD, CAT and GPx were observed, with the
enzymes showing increased sensitivity to exercise, particularly during the colder months.
Mares showed a more pronounced exercise-induced decrease in SOD activity compared
to stallions, especially during autumn and winter. Conversely, stable enzyme activity was
observed in spring and summer, indicating reduced oxidative stress during milder
seasons. Statistical analysis revealed significant seasonal differences in SOD and GPx
activities, with higher coefficients of determination for SOD (R? = 0.45) compared to CAT
and GPx. The study suggests that mares have a greater oxidative response to exercise in
colder seasons, highlighting sex-specific differences in antioxidant defences. These
findings contribute to the understanding of how seasonal and exercise-related stressors
influence antioxidant enzyme activity and highlight the role of environmental adaptations
in equine health and performance. The results have practical implications for optimising
exercise regimes and antioxidant supplementation in equine management. Further
research is needed to explore the underlying mechanisms of these differences and their
wider implications for animal health.

Keywords: superoxide dismutase, catalase, glutathione peroxidase, exercise,
seasonal alterations, Shetland ponies, mares and stallions
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AKTUBHICTb AHTUOKCHUJIAHTHUX ®EPMEHTIB Y
KPOBI KOBWJI TA )KEPEBIIB ITIETJIAHACBKOI'O ITIOHI, SIKI
BEPYTH YUYACTD Y PEKPEALIIMHINA BEPXOBIH i3111: POJIb
®OTOIEPIONY TA ®I3UYHOI'O TPEHIHT'Y
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Y yvomy oocniosxcenni oyinroanu ce3oHHi ma cmamesi 3MIHU AKMUBHOCMI
KAH0Y08UX aHmuoxcuoaumuux ¢hepmenmis [cynepokcuooucmymasu (SOD), kamanazu
(CAT) i enymamionnepoxcuoaszu (GPX)] 6 kposi kobun i scepebyie uwemianocoKux noui
0o i nicia mpenysannsa. Mu npoananizysanu eniue gpomonepiooy i QisuuHux enpas Ha
PI6HI  AKMUBHICMb  AHMUOKCUOAHMHUX —(epMenmie y Kposi Kooun [ dicepedyis
wWemaaHOCbKux Noui, AKi 6epymov yuacms y pekpeayiunii 6epxosii i30i 8 yeHmpaioHill
yacmuni Ilomopcokozo peciony (Ilomopcvke 6oe6o0cmeo, nisniuna yacmuna llonvuyi).
Jleaoysmov 00un 300posuit dopocauil wemaarnocokuti nowni (11 xooun i 10 scepedyis)
gikom 0,5 £ 1,4 poxie Oyu gukopucmaui 8 Yybomy 00CaioNcenti. Yci Koni opanu yuacmo
y pexpeayitinii eepxosiil i30i. Tpenysanus poznoyunanocs o 10:00, mpusano 1 200uny i
CKAA0anocs 3 Kpocy xo0vooio (5 xe8), puccio (15 xs8), xoovboio (10 x8), puccro (10 xs),
X00b0010 (5 x8), eanonom (5 x8) i x00vb010 (10 x8). Kpos dpanu 3 apemHoi éenu meapum
epanyi, uepez 90 xeunun nicisi 200y8aHHs, Nio 4ac nepedysanHs KOHel )y CMatiHi (Midxc
8:30 ma 10 pauxy) ma eiopa3y nicia mecmy 3 QizuyHuM HaganmadxcewHam (mixc 11
panxy ma 12 pauxy). [lpobu kpogi 6i0b6upanu oOuH paz 3a ce30H NPOMALOM POK).
Hocniooicennss niokpecntoe CKIAOHy 63ae€MO0il0 MidC (Hakmopamu HABKOIUUWHBO2O
cepedosuwia ma Qiziono2iuHUMU CMpPecosuUMY (haKmopamu 8 MOOYII08AHHI MeXAHI3Mi8
anmuoxcuoanmuozo 3axucmy. Cnocmepieanucs 3HayHi ce30HHI KOMUBAHHSA AKMUBHOCTI
SOD, CAT i GPx, npu ybomy ¢hepmenmu 0eMOHCMPYBAIU NiOBUWYEH) UYMIUBICIb 00
@izuunux enpas, 0ocobauso 6 xon00Hi micayi poxy. Kobunu nokasanu dinow eupasicene
3Hudcennsa akmuenocmi SOD, cnpuuunene Qi3uyHuUM HABAHMANCEHHAM, NOPIGHAHO 3
arcepedbyamu, ocobuso soceHu ma 63umky. Hasnaxu, cmabinona axmuericms ghepmenmy
cnocmepieanacs HagecHi ma 6imKYy, W0 6KA3YE HA 3HUNCEHHS OKUCHIOBANbLHO20 CIMPeECy
8 Oinbut m’aki cezonu. CmamucmuyHull aHanis 8UsABUS 3HAUHI CE30HHI 8IOMIHHOCMI 8
axmusnocmi SOD i GPx, 3 suwumu xoegiyicumamu oemepminayii onsa SOD (R? = 0,45)
nopiguano 3 CAT i GPx. [ocnioscenns nokasye, wjo KOOUIU MAaromo iHMeHCUBHIULY
OKUCHIOBANILHY peakyilo Ha @QIi3uyHi 6npasu 6 XolN00HY NOpY POKY, NIOKpecuonyu
BIOMIHHOCMI 8 AHMUOKCUOAHMHOMY 3axucmi 3anedxdcho 6i0 cmami. Li eucHosxu
CHpUSAIOMb PO3YMIHHIO MO0, AK Ce30HHI Ma Nos8 A3aHi 3 QisuyHUMU HABAHMANCEHHAMU
cmpecopu 6nuearms Ha AKMUBHICMb AHMUOKCUOAHMHUX hepMenmis, i niOKpecaoms
POb adanmayii HA8KOIUUHbO20 Cepedosuua OJist 300P08 ‘s ma NPOOYKMUBHOCHI KOHELI.
Pezynomamu maroms npakmuune 3HayeHHA 08 ONMUMI3AYIT pedcumis izuunux 6npas i
AHMUOKCUOAHMHUX 000aB0K Y 00211501 3a KOHAMU. TTompiOHTI nodanbuti 00CIiOHCeH S,
wob odocnioumu OCHOBHI MeXaHi3MU Yux GIOMIHHOCMeU ma iXHil WUupuul enius Ha
300p08 sl MEAPUH.
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Knrouosi cnoea: cynepoxcuooucmymasa, Kamaniasda, 2nymamioHnepoxcuodsa,
QizuuHi HABAHMAdICEHHS, Ce30HHT 3MIHU, WEeMNAHOCLKI NOHI, KOOUIU ma Jicepeoyi.

Introduction. Oxidative stress, characterised by an imbalance between the
production of reactive oxygen species (ROS) and the antioxidant defence system, is a
critical factor affecting animal health and performance (Durand D. et al., 2022).
Antioxidant enzymes such as superoxide dismutase (SOD), catalase and glutathione
peroxidase (GPx) play a key role in mitigating oxidative stress by neutralising ROS and
maintaining cellular homeostasis (Bhattacharyya A. et al., 2014; Kurutas E. B., 2016). In
equine physiology, the activity of these enzymes can be influenced by various intrinsic
and extrinsic factors, including exercise, environmental conditions and sex
(Kirschvink N. et al., 2006; Andriichuk A. and Tkachenko H., 2017; Bazanow B. A. et
al., 2020; Kurhaluk N. et al., 2022).

Recreational riding, a popular activity with Shetland ponies, involves varying
degrees of physical exertion which may affect oxidative metabolism (Kurhaluk N. et al.,
2022). Exercise-induced oxidative stress is well documented in horses, leading to
increased ROS production through increased metabolic activity (Maranon G. et al., 2008;
Yavari A. et al., 2015). Seasonal variations, such as changes in photoperiod and
temperature, further influence metabolic and physiological processes and may modulate
the antioxidant defence system (Chainy G. B. et al., 2016). The interplay between these
factors remains an area of active research, particularly in smaller breeds such as Shetland
ponies, which are often used for recreational purposes.

The Shetland pony, known for its resilience and adaptability, provides an excellent
model for studying the effects of environmental and physiological stressors on
antioxidant mechanisms (Brinkmann L. et al., 2012, 2014). Despite their robust nature,
little is known about how photoperiod and exercise affect the activity of key antioxidant
enzymes in mares and stallions. Understanding these dynamics is essential to optimise
management practices and ensure the health and welfare of these animals.

This study aims to investigate the activity of antioxidant enzymes [superoxide
dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx)] in the blood of
Shetland pony mares and stallions involved in recreational riding in the central
Pomeranian region (Pomeranian Voivodeship, northern part of Poland). Specifically, we
are investigating the effects of photoperiod (seasonal variation) and exercise on enzyme
activity, providing insights into the adaptive responses of these animals to environmental
and physical challenges. By identifying sex- and season-specific patterns, this research
contributes to the growing body of knowledge on oxidative stress and its management in
equine species.

Materials and methods.

Horses. The study followed 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. All ponies were involved in
recreational riding. They were individually housed in box stalls, fed twice daily (hay and
oats) at 8:00 am and 6:00 pm, and had unlimited access to water. Comprehensive clinical
examinations and assessments of haematological, biochemical and vital parameters
confirmed that all horses were within normal reference ranges. The mares were not in
heat and were non-pregnant.

Training protocol. Exercise sessions started at 10:00 am, lasted 1 hour, and
included the following sequence: walking (5 minutes), trotting (15 minutes), walking
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(10 minutes), trotting (10 minutes), walking (5 minutes), galloping (5 minutes), and
walking (10 minutes).

Blood sample collection. Blood samples were collected from the jugular vein in
the morning, 90 minutes after feeding, while the horses were in their stalls (between 8:30
and 10:00) and immediately after the exercise session (between 11:00 and 12:00).
Samples were taken once per season over one year: spring, summer, autumn, and winter.
Blood was stored in tubes containing Ks-EDTA or 3.8% sodium citrate and kept on ice
until centrifugation at 3,000 rpm for 10 minutes. The plasma was separated and the
erythrocyte suspensions were washed three times with five volumes of PBS (pH 7.35)
and centrifuged at 3,000 rpm for 5 minutes.

Assay of superoxide dismutase activity. The Randox kit method (RANSOD, Cat.
N SD 125, Randox Laboratories Limited, UK) was used to measure plasma superoxide
dismutase (SOD) activity using xanthine and xanthine oxidase (XOD). The method
proposed by Woolliams J. A. et al. (1983) and Suttle N. F. and McMurray C. H. (1983)
was used. This method is based on the use of xanthine and xanthine oxidase (XOD) to
generate superoxide radicals which react with 2-(4-iodophenyl)-3-(4-nitrophenol)-5-
phenyltetrazolium chloride to form a red formazan dye. The results were calculated and
expressed as U per mL.

Assay of catalase activity. Catalase (CAT) activity was determined by measuring
the reduction of H2O> in the reaction mixture according to the method developed by
Koroliuk M. A. et al. (1988). One unit of CAT activity was defined as the amount of
enzyme required to degrade 1 umol H2O> per minute per mL.

Assay of glutathione peroxidase activity. Glutathione peroxidase (GPx) activity
was measured in blood by the standard method using a Ransel Glutathione Peroxidase
Assay Kit (RX Monza, RS 504, Randox Laboratories Limited, UK). This method is based
on GPx catalysis of the oxidation of glutathione by cumene hydroperoxide. All
procedures followed the methodology proposed by Paglia D. E. and Valentine W. N.
(1967) and Kraus R. J. and Ganther H. E. (1980) with our modification. The decrease in
absorbance at 340 nm was measured on an Rx Monza analyser in a 1 cm cuvette light
path at +37°C and expressed as U per mL.

Statistical analysis. Results are presented as mean + S.D. Significant differences
between means were determined using a multiple range test with a threshold of at least p
< 0.05. Data that did not follow a normal distribution were log-transformed. Statistical
tests with 95% confidence intervals (o = 0.05) were used to assess the significance of
differences between the studied parameters (Stanisz A., 2006, 2007). Homogeneity of
variance was assessed using Levene's test and normality was assessed using the
Kolmogorov-Smirnov test.

Parametric correlations were analysed using Pearson's regression analysis within
the multiple regression module. The results of the MANOVA analysis were further
supported by the sum of squares test (total SS model) versus residual SS, taking into
account the multiple correlation analysis (R), the coefficient of determination (R?) and
the adjusted coefficient of determination (R? adjusted), which takes into account random
errors.

Basic statistical analyses, including significance of regression slopes and analysis
of variance, were performed using the STATISTICA 13.3 software package (TIBCO
Software Inc., USA). The SS test was used to quantify the contributions of all analysed
biomarkers of oxidative stress and biochemical parameters in the assessment of
antioxidant defences, using the F test and its significance (Stanisz A., 2006, 2007).

Results. We examined the activity of antioxidant enzymes in the blood of
Shetland ponies under the influence of three factors: photoperiod, sex, and exercise. The
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enzyme activity in the blood of Shetland pony mares and stallions, both before and after
exercise, during spring, summer, autumn, and winter, is illustrated in Figures 1-3.
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Fig. 1. Superoxide dismutase activity in the blood 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.

* — between values obtained before and after exercise in mares in autumn;

** _ between values obtained before and after exercise in stallions in autumn;

# — between values obtained before and after exercise in mares in winter;

a — between values obtained in stallions before exercise in winter and autumn.

The results of our study showed that the blood SOD activity of Shetland pony
mares in autumn was statistically significantly decreased after exercise to (245.7 + 102.89
U- mL™) compared to the state before exercise (465.01 £ 156.10 U-mL™). On the other
hand, a statistically significant decrease in blood SOD activity was observed in stallions
after exercise (294.38 £ 75.52 U-mL™) compared to the state before exercise (413.06 +
27.95 U-mL™). The percentage decrease was 47.2% (p < 0.05) for mares and 28.7% (p <
0.05) for stallions. Similarly, in winter, SOD activity in the blood of mares of Shetland
ponies was statistically significantly decreased after exercise to (243.60 + 103.10 U-mL"
1y compared to the state before exercise (399.89 +42.80 U-mL™?). The percentage decrease
was 39.1% (p < 0.05). Blood SOD activity in Shetland pony mares was statistically
significantly lower before exercise in autumn (399.89 + 42.80 U-mL™?) compared to
before exercise in winter (465.01 + 156.10 U-mL™). The percentage decrease was 14%
(p < 0.05). After exercise, SOD activity in the blood of both mares and stallions of
summer and spring was statistically non-significantly lower than before exercise. Higher
levels of SOD activity were observed in the blood of mares compared to stallions in
autumn and winter (Fig. 1).

Catalase 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. Catalase activity in the blood 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.

* — between values obtained before and after exercise in mares in spring;

# — between values obtained before and after exercise in mares in winter;

a — between values obtained in mares after exercise in spring and autumn;

b — between values obtained in mares after exercise in spring and winter.

The results of our study showed that catalase activity in the blood of Shetland
pony mares in autumn was statistically significantly increased after exercise to (5.11 £
1.92 pmol-min"t-mL™) compared with the pre-exercise state (2.59 + 0.79 umol-min™*-mL-
1. The percentage of increase was 97.3% (p < 0.05). Conversely, in winter, catalase
activity in the blood of mares of Shetland ponies was statistically significantly decreased
after exercise to (2.47 £ 0.98 umol-min-mL*) compared with the pre-exercise state (4.09
+1.92 pmol-min™-mL™?). The percentage reduction was 39.6% (p < 0.05). Blood catalase
activity in Shetland pony mares was statistically significantly lower after exercise in
autumn (2.70 £ 1.58 umol'mint-mL?) and winter (2.47 + 0.98 pmol-min™tmL) than
before exercise in spring (5.11 £ 1.92 umol'-min™*-mL™?). The percentage decreases were
47.2% (p < 0.05) and 51.7% (p < 0.05) respectively. In summer and spring, catalase
activity in the blood of both mares and stallions after exercise was not statistically
significantly higher than before exercise. Higher levels of catalase activity were observed
in the blood of stallions compared to mares in all seasons (Fig. 2).

GPx activity in the blood of Shetland pony mares and stallions before and after
exercise in spring, summer, autumn, and winter were illustrated in Figure 3.

The results of our study showed that GPx activity in the blood of Shetland pony
stallions in autumn was statistically significantly decreased after exercise to (260.13 +
72.71 nmol-min™-mL") compared with the pre-exercise state (425.54 + 77.07 nmol-min-
LmL™1). The percentage reduction was 38.9% (p < 0.05). Similarly, in winter, GPx activity
in the blood of mares of Shetland ponies was statistically significantly decreased after
exercise to (208.31 + 73.82 unmol'-minmL?) compared with the pre-exercise state
(379.12 £ 64.39 nmol-min-mL?). The percentage reduction was 45.1% (p < 0.05). Blood
GPx activity in Shetland pony mares and stallions was at the same level during exercise
in both spring and summer (Fig. 3).
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Fig. 3. Glutathione peroxidase activity in the blood 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.

* — between values obtained before and after exercise in stallions in autumn;

** _ between values obtained before and after exercise in stallions in winter;

# — between values obtained before and after exercise in mares in winter.

Discussion. The results of this study demonstrate distinct seasonal, sex and
exercise-induced variations in the activity of key antioxidant enzymes (SOD, catalase and
GPx) in the blood of Shetland ponies. These variations highlight the complex interplay
of environmental and physiological factors in modulating antioxidant defence
mechanisms in horses.

This study identifies GPx, CAT and SOD as key markers of enzymatic antioxidant
defence. These enzymes are considered part of the first-line antioxidant defense system
as they rapidly neutralize free radicals or molecules with the potential to form free radicals
(Jomova K. et al., 2024). SOD activity showed a marked decrease in both mares and
stallions following exercise in autumn and winter, with mares showing a more
pronounced reduction than stallions (Fig. 1). This suggests that mares may have an
increased oxidative response to exercise during these colder seasons. The seasonal
comparison showed that SOD activity was significantly lower in autumn than in winter
before exercise, suggesting possible seasonal adaptations in oxidative stress management.
Conversely, no significant changes in SOD activity were observed in spring and summer,
probably reflecting a more stable oxidative state during these milder seasons (Fig. 1). In
our study, the activity of this enzyme showed higher statistically significant variability
(F15.152 = 8.34; p = 0.000) compared to the activities of CAT (F1s.152 = 4.18; p = 0.000) or
GPx (F15.152 = 5.95; p = 0.000). This finding was further supported by the correlation (R)
and determination coefficients, as well as the corrected form of the latter used in the
statistical analysis. In our study, SOD activity was more strongly influenced by the sex
and exercise variables, but not by the photoperiodic factor. However, the differences in
SOD activity were statistically significant in the total SS model versus the residual SS,
with correlation coefficient values (R = 0.67), coefficient of determination (R? = 0.45),
and the adjusted form (R?adj = 0.40) at F = 8.34 (p = 0.000).
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In the study of Bazanow B. A. et al. (2020), these researchers observed
significantly higher activities of total SOD, MnSOD, and CuZnSOD in blood samples
from Hucul horses compared to Arabian horses. The superoxide dismutase (SOD) family
serves as the first line of defense against ROS (Wang Y. et al., 2018). Changes in SOD
activity are known to protect hosts against microorganisms, bacteria, and parasites, with
such variations influenced by physical activity, diet, and chemical factors (Rahal A. et al.,
2014).

SOD activity was positively associated with long-term improvements in maximal
oxygen uptake in horses following a 12-week conditioning programme in the study by de
Moffarts B. et al. (2004). However, during a single exercise session, SOD activity does
not appear to change significantly during short duration, high intensity work. In
Standardbreds undergoing a 14-minute high-intensity treadmill test, no changes in
resting, peak or recovery SOD activity were observed, although a reduction in reduced
glutathione levels was noted (de Moffarts B. et al., 2004). Similarly, Ji L. L. et al. (2001)
found no significant changes in SOD, catalase or glutathione peroxidase activity in
response to acute exercise when measured at rest, 2 minutes and 30 minutes after a 12-
minute high-intensity treadmill session.

The response of SOD activity to prolonged, lower intensity exercise is less well
understood. Balogh N. et al (2001) reported no significant differences in SOD activity
when measured 24 hours before, immediately after and 24 hours after exercise in horses
competing in a pentathlon. This event involved two consecutive rounds of 20-minute
warm-up followed by 1-minute jumping sessions for each horse, although no
measurements were taken during the recovery period after the second round. The
response of SOD activity to low-intensity standardised exercise tests remains unclear. In
addition, the nutritional status of the horses used in these studies was not reported, which
could influence the functionality of their antioxidant systems.

A longitudinal cohort study was conducted by Bollinger L. et al. (2023) with 49
healthy horses participating in the 160 km endurance ride at the 2016 World Endurance
Riding Championships in Samorin, Slovakia. The study of Bollinger L. et al. (2023)
found that lower pre-ride SOD levels were associated with better race results. It is possible
that SOD levels are altered primarily after prolonged exercise, such as endurance rides
over 120 km (Ono K. et al., 1990). This is consistent with the findings of Kinnunen S. et
al. (2005) who reported that general resting markers of oxidative stress — such as oxygen
radical scavenging capacity, vitamin E levels, lipid hydroperoxide (LPO) concentrations
and glutathione-related enzyme activities - were higher in endurance horses than in
trotters. However, even prolonged exercise, such as an 80 km ride, did not induce
oxidative stress in endurance horses (Kinnunen S. et al., 2005).

Although it was initially expected that higher pre-ride SOD levels would reduce
the likelihood of elimination, the opposite was observed. SOD levels are known to
increase after prolonged exercise, suggesting that horses with higher pre-ride SOD levels
may have experienced sustained oxidative stress prior to sampling. This stress could be
due to overtraining or inadequate recovery periods (Balogh N. et al., 2001; Ferraresso R.
L. et al., 2012). Blood SOD levels reflect current SOD activity and oxidative stress
defence rather than stored SOD reserves (Bollinger L. et al., 2023).

After a race, lower SOD availability in failed horses compared to successful
horses may make them more susceptible to oxidative damage (Bollinger L. et al., 2023).
Further studies, possibly including muscle biopsies to assess muscle SOD levels prior to
competition, may provide more detailed insights. Currently, there is limited data on pre-
ride or resting SOD levels in endurance horses, apart from a small sample studied by
Fraipoint A. et al. (2011). As a result, it remains unclear which levels are indicative of a
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healthy resting state and which are indicative of increased SOD activity due to ongoing
oxidative stress.

CAT is a cytoplasmic protein that plays a crucial role in reducing hydrogen
peroxide by catalyzing its conversion into water and oxygen. The efficiency of CAT in
metabolizing hydrogen peroxide is dependent on the level of hydrogen peroxide
accumulation (Nandi A. et al., 2019). Catalase activity showed contrasting seasonal
patterns (Fig. 2). In autumn, exercise induced a significant increase in catalase activity in
mares, suggesting an upregulated response to counter oxidative stress. In winter,
however, catalase activity decreased significantly after exercise, possibly indicating a
reduced capacity for antioxidant defence during the colder months. Stallions had
consistently higher catalase activity in all seasons, which may reflect sex differences in
enzymatic antioxidant defences (Fig. 2). Plasma CAT activity showed statistically
significant differences only in the group of mares after exercise during the spring-summer
and spring-winter photoperiods. The following coefficients were calculated for CAT
activity: correlation coefficient (R = 0.54), coefficient of determination (R? = 0.29), and
its adjusted form (R?adj = 0.22) at F = 4.18 (p = 0.000). For GPx activity, the statistical
analysis revealed the following values: R =0.61, R*=0.37, and R?adj =0.31 at F =5.94
(p = 0.000). Therefore, the activities of the selected antioxidant enzymes showed the
following relationships in the statistical model: SOD > GPx > CAT. Siqueira R. F. et al.
(2014) reported that prolonged endurance exercise had no effect on CAT activity in
racehorses.

Another enzyme involved in maintaining redox balance is GPx, which removes
H>0: by converting it to water and reducing lipid peroxides to their corresponding
alcohols. This function is essential for the prevention of lipid peroxidation (Pei J. et al.,
2023). GPx activity followed similar trends, with significant decreases observed in
stallions during autumn and in mares during winter after exercise (Fig. 3). These findings
highlight the sensitivity of GPx to both seasonal and exercise-induced oxidative
challenges, particularly during the colder months when environmental stressors may
exacerbate oxidative demands. The consistent GPx levels observed in spring and summer
further support the notion of seasonal stability of antioxidant enzyme activity during these
periods (Fig. 3). The observed seasonal and gender differences in enzyme activity may
be due to variations in metabolic demands, hormonal influences and environmental
conditions, including photoperiod and temperature. Exercise-induced oxidative stress
appears to be modulated differently by season and sex, reflecting the dynamic adaptability
of Shetland ponies to their environment.

This finding is consistent with previous research suggesting that antioxidant
enzyme activity may decrease during intense exercise due to increased ROS production,
but may return to higher levels during recovery (Fisher-Wellman K. and Bloomer R. J.,
2009). Conversely, Balogh N. et al. (2001) reported no significant changes in SOD or
GPx activities in pentathlon horses between blood samples taken before, immediately
after and 24 hours after exercise. Ott E. C. et al. (2022) observed unchanged GPx activity
after prolonged exercise in horses. However, their study reported an increase in SOD
activity, another key marker of enzymatic antioxidant defence.

In our previous study (Kurhaluk N. et al., 2022), we aimed to determine the
photoperiod-induced variations and the effects of exercise on oxidative stress biomarkers
(2-thiobarbituric acid reactive substances [TBARS], aldehyde [AD] and ketone [KD]
derivatives of oxidatively modified proteins [OMP], total antioxidant capacity [TAC],
and biomarkers of metabolic changes (glucose, urea and uric acid, and lactate
dehydrogenase [LDH] activity) in the blood of Shetland pony mares and stallions
involved in recreational riding. A MANOVA analysis showed that photoperiod played a
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predominant role in the changes in these biomarkers, while exercise and sex had a lesser
effect. Lipid peroxidation biomarkers, such as plasma TBARS levels, showed the highest
adjusted coefficient of determination (R%adj = 0.77). Pre-exercise (resting) plasma
TBARS levels in stallions and mares were lowest during the spring and summer
photoperiods and highest during the autumn and winter photoperiods. A statistically
significant reduction in the levels of both aldehyde and ketone derivatives of OMP was
observed in the blood of ponies during the autumn and winter periods; in addition, the
level of ketone derivatives of OMP decreased after exercise in the spring. TAC was
statistically significant in the spring and winter photoperiods, both before and after
exercise. Photoperiod and exercise-induced changes in markers of oxidative stress and
antioxidant defences may play a role in the adaptation of animals to exercise, with sex
differences observed. Seasonal variations in antioxidant defences and energy metabolism
substrates in the blood of mares and stallions as a function of exercise capacity may be
crucial in understanding how animals' endogenous adaptive mechanisms prepare for
environmental changes associated with different seasons (Kurhaluk N. et al., 2022).

Conclusions. This study highlights the significant influence of photoperiod, sex
and exercise on antioxidant enzyme activity in Shetland ponies. Antioxidant enzyme
activity was generally more affected during autumn and winter, indicating increased
oxidative stress during these seasons. Stable enzyme activity in spring and summer
suggests reduced oxidative stress during these periods. Mares were more sensitive to
exercise-induced oxidative stress in colder seasons, while stallions had higher overall
catalase activity. Exercise consistently modulated antioxidant enzyme activity, with the
magnitude and direction of change influenced by both season and sex.

These results provide valuable insights into the physiological adaptability of
Shetland ponies to environmental and physical stressors. The findings may inform
strategies for optimising equine management practices, including seasonally adapted
exercise regimes and dietary supplementation to support antioxidant defences. Future
research should explore the underlying mechanisms driving these variations and assess
their implications for equine health and performance.

This research has been supported by Pomeranian University in Stupsk (Poland),
and it is cordially appreciated by the authors.
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The article presents the results of a study of the genetic and population structure
in herds of Ukrainian Black-and-White and Red-and-White dairy breeds kept in the
Kharkiv region (DPDH "Hontarivka™). The analysis of genetic variability in the
experimental groups of animals was carried out using 10 microsatellite loci
recommended by FAO-ISAG: ETH225, BM2113, ETH3, BM1818, BM1824, ILSTS006,
INRA023, TAGLAO53, TAGLA12, ETH10. The amplification products were separated in
native polyacrylamide gels of different concentrations (5 — 8 %). All studied loci were
found to be polymorphic. The number of detected alleles per locus ranged from 4 to 8 (on
average 5 alleles per locus) the size of which ranged from 115 bp (ETH3) to 307 bp
(ILSTS006). The vast majority of studied loci belong to informatively valuable markers
(PIC > 0.5). The most polymorphic loci for both breeds were TGLA053 (8 alleles),
BM2113 (6) and ETH3(6). The main population genetic parameters were calculated for
the studied loci. The highest values of heterozygosity indices (He) and effective number
of alleles (ne) were characteristic of the BM2113 locus (He=0.80-0.81, ne=5.1-5.3). The
minimum values of expected heterozygosity were established for the ETH3 loci (0.53-
0.55; Ukrainian Black-and-White and Red-and-White dairy breeds) and BM1818 (0.59,
Ukrainian Black-and-White dairy breed).

For most microsatellite loci, an equilibrium state between the actual and expected
genotype frequencies is characteristic. A probable deviation in the form of a deficit of
heterozygotes was established only for the BM1818 locus in both experimental
populations (Fis = 0.37; p < 0.05).

Changes in the genetic structure of the experimental cattle population (Kharkiv
region) were analyzed in comparison with data from previous years of research, other
regions, and with data from the initial forms involved in the creation of these breeds.
Analysis of genetic changes that occurred during the reproduction of experimental cattle
populations indicates a narrowing of genetic variability and the need to control genetic
processes in breeding work.

Keywords: microsatellites, polymorphism, population, cattle, allele, genotype,
heterozygosity.
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YV cmammi Hasedeni pesynomamu  OOCHIONHCEHHS 2eHEeMUKO-NONYIAYIHOL
CMPYKMYpU 8 cmaoax Kopié YKPAiHCbKUX YOPHO-pAO0i ma 4ep8oHO-psOOi MOIOYHUX
nopio, ski ympumyromscs 6 Xapxiscoxit ooracmi (QIIAI «I'onmapiska»). Ananiz
2EHeMUYHOI MIHAUBOCMI 8 OOCTIOHUX 2PYNAX MEAPUH NPOBOOUNU 3 BUKOpUcmanHsam 10
mikpocamenimuux noxycie pexkomenoosanux FAO-ISAG: ETH225, BM2113, ETHS,
BM1818, BM1824, ILSTS006, INRA023, TAGLAO53, TAGLA12, ETHI0. IIpooyxmu
amniigikayii po30inanu 6 HAMUSHUX NOJIAKPULAMIOHUX 2esX PI3SHUX KOHYeHmpayitl (5 —
8 %). Bci 0ocnioowceni noxycu suseunucy nonimopgrnumu. Kinoxkicme eunenenux anenie na
JIOKYC Konueanacs 8io 4 0o 8 (y cepeonvomy 5 anenis Ha 10KYC) pO3MIp AKUX 3HAXOOUBCS
6 medxcax 6i0 115 n.n. (ETH3) — 0o 307 n,n,(ILSTS006), [lepesarxcna 6Ginvuicmo
00CNi0JCeHUX N0KYCI8 Hanedcums 00 iHgopmamusHo yinnux mapkepie (PIC > 0,5).
Hauibinow nonimopuumu ons 06ox nopio eussurucs nokycu TGLAOS3 (8 anenis),
BM2113 (6) ma ETH3(6). Po3paxosaro ocHo8HI nonyiayitiHo-eeHemudti napamempu 3a
odocrnioxcysanumu aoxycamu, Hatisuwi snauennsn nokasnuxie eemepozuecomuocmi (He) i
epexmuenoi kinoxocmi anenie (Ne) oyau eracmusi noxycy BM2113 (He=0,80-0,81,
ne=>5,1-5,3). Minimanvni 3nauenHs o4iKys8amoi eemepo3ucoOmHOCmi 6CMAHOBIEHI O0Jis
nokycie ETH3 (0,53-0,55, VUP, Y4eP) i BM1818 (0,59, V4P).

s 6inbuocmi MikpocamenimHux 10Ky Cig 1acmusUM € PiBHOBANCHUL CIMAH MIXHC
GdaxmuyHumMU i O4IKY8AHUMU NOKAZHUKAMU Yacmom 2eHomunis, Bipocione gioxunenns y
suenadi deiyumy cemeposucom 6CMAHOBNEHO Juwe 0as aokycy BMI1818 & o6ox
oocnionux nonynayisx (Fis = 0,37; p < 0,05).

Ilpoananizoeano 3minu 6 eeHemuuHiti CMpPYKmMypi OOCHIOHUX NONYIAYIL KOpie
(Xapkiecoka 0611.) nopieHAHO 3 OaHUMU NONEPEOHIX POKI8 O0CIIONCeHb, IHUUX Pe2iOHi8
ma 3 OAHUMU BUXIOHUX (hOPM, 3A0ITHUX ) CMBOPEHHT YuXx nopio. AHaniz 2ceHemuuHux 3MiH,
AKi io0yeanucs 8 npoyeci 8i0meopenHs Oocuionux nonyaayiu BPX ceiouums npo
38YHCEHHS 2EHEMUYHOI MIHIUBOCMI MA HEOOXIOHICMb KOHMPOJIIO 2EHEMUYHUX NPOYECIB 8
cenekyiiHo-naeMinHil poOomi.

Knrwowuosi cnosa: mikpocamenimu, noiaimopghizm, nonyasiyis, KOposu, djieib,
2eHOmMUN, 2emepo3uUOMHICb

Introduction. To solve a number of tasks related to the scientific support of
breeding work, in particular regarding the certification of animal breeds, determining the
level of consolidation of created groups and the degree of genetic differentiation of
populations, a separate class of molecular genetic markers - microsatellites - is widely
used (Debrauwere H. et al., 1997, Senan S. et al., 2014). Due to the high level of
polymorphism of microsatellite markers (SSR, Simple Sequence Repeat), which is
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reflected in a larger number of alleles per locus compared to classical biallelic systems,
microsatellites can be used as a rather subtle and effective tool for studying genetic
variability, which allows successfully solving the entire range of these issues (Shelyov,
2015; Mishra S. et al., 2017, Zhao J. et al., 2017). SSR markers are considered to be
selection-neutral and, due to their wide localization in the genome, are of interest for
controlling genetic processes that occur in artificially reproduced animal populations
(Shelyov, 2017, Al-Jubori & Senkal, 2023). Given the importance of this issue in the
context of preserving the biodiversity of animal breeds, the international organizations
FAO and ISAG have proposed microsatellite panels for the main species of farm animals
and recommendations for their use in scientific research (ISAG/FAQO, 2004, FAO, 2011).
According to the FAO recommendations for cattle, 30 microsatellite loci have been
identified with localization in each chromosome. ISAG proposes the use of the 12 most
polymorphic of them. The first publications on the polymorphism of microsatellite loci
in cattle (Bostaurus, Bovidae) appeared in the early 90s of the 20th century, and to date,
a considerable amount of information has been accumulated on the genetic variability of
individual breeds within this type of farm animals.

In Ukraine, studies of microsatellite variability in cattle have mainly concerned
local herds of indigenous breeds of domestic selection, which are valuable as carriers of
specific biological and economic characteristics for specific geoclimatic breeding
conditions. These are breeds such as Ukrainian gray (Shkavro N. et al., 2010),
Lebedynskaya (Shkavro et al., 2018, Ladyka et al., 2019), red steppe (Kramarenko et al.,
2018), southern meat (Kramarenko, 2019), buffaloes (Dzitsiuk et al., 2020).

Purpose of the study. Changes occurring in the genetic structure of populations

of factory-type breeds used in intensive milk and meat production are also of great interest
from the point of view of optimizing the selection and breeding process in the direction
of maintaining biological diversity.
In ukraine, the vast majority of dairy cattle are represented by two breeds - ukrainian
black-and-white and ukrainian red-and-white dairy breeds (glady m.v. et al., 2015,
vyshnevskyi et al., 2019). more than 28 years have passed since the official registration
of these breeds (black-mottled (1996), red-mottled (1993)). there are data on the number
of allelic variants of microsatellite loci of cattle of 24 breeds bred in ukraine, including
the ukrainian black-and-white and red-and-white dairy breeds (podoba b.e. et al., 2013).
among the publications over the past 5-7 years, one can note the work of shelyov a.v. et
al. (2017) on the study of microsatellite variability in herds of ukrainian black-and-white
and red-and-white dairy breeds of the kyiv region. another joint publication concerned
microsatellite variability in cattle populations of ukrainian and russian origin (snegin et
al., 2019).

Given the wide distribution area of Ukrainian black-and-white and red-and-white
dairy breeds, our goal was to analyze changes in the genetic structure of the experimental
cow population in the Eastern region of Ukraine (Kharkiv region) compared with data from
previous years of research, other regions, and data from the initial forms involved in the
creation of these breeds.

Materials and methods of research. The population of cows of Ukrainian black-and-
white and red-and-white dairy breeds (DPDH “Hontarivka” of Vovchansky district of
Kharkiv region) was used as the object of research. The sample consisted of 30 individuals
for each experimental population. DNA isolation was performed from hair follicles using
the “NeoPrep DNA” reagent set (Lab Neogene P.C., Ukraine).

According to the recommendations of FAO-ISAG, 10 microsatellite loci were
selected for research: ETH225, BM2113, ETH3, BM1818, BM1824, ILSTS006,
INRA023, TAGLAO053, TAGLA122, ETH10 (Table 1).
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Table 1
Nucleotide sequences of primers for microsatellite loci

Ne | Microsatellite Primers Annealing, °C | Amplicon, bp

1 ETH225 gatcaccttgccactatttcct; 58 131-159
(Chromosome 9) | acatgacagccagctgctact

5 BM2113 gctgccttctaccaaataccc; 58 199156
(Chromosome 2) | cttcctgagagaagcaacacc
ETH3 gaacctgcctctcctgeattgg; i

3 (Chromosome 19) | actctgcctgtggecaagtagg 60 103-133
BM1818 agctgggaatataaccaaagg; i

4 (Chromosome 23) | agtgctttcaaggtccatgc 58 248-218
BM1824 gagcaaggtgtttttccaatc; i

> (Chromosome 1) | cattctccaactgcttccttg 56 176-197

6 ILSTS006 tgtctgtatttctgetgtgg; 56 277-309
(Chromosome 7) | acacggaagcgatctaaacg
INRAO23 gagtagagctacaagataaacttc; i

! (Chromosome 3) | taactacagggtgttagatgaactc 58 195-225
TGLAS53 gctttcagaaatagtttgcattca,; i

8 (Chromosome 16) | atcttcacatgatattacagcaga 58 143-191
TGLA122 ccctectccaggtaaatcagc; i

; (Chromosome 21) | aatcacatggcaaataagtacatac 58 136-184
ETH10 gttcaggactggccctgctaaca, i

10 (Chromosome 5) | cctccageccactttctcttcte 62 207-231

Amplification of fragments of the studied loci was carried out using a
thermocycler "Amply-4" (Biocom, Russia) using the appropriate program: 1 cycle -
denaturation 94°C 3 min; 35 cycles - denaturation 94°C 30 s, annealing 30 s (56-62 °C
depending on the locus), elongation 72°C 50 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 MgCl2, 0.4 mM DNTP mixture and 0.5 units of DreamTaq DNA
polymerase (Thermo Scientific), 2.5 uL of 1 mM primer and 2.5 kl of DNA template.

The amplification products were separated in polyacrylamide gels of different
concentrations (5-8%), both native and denaturing. Gels were stained using ethidium
bromide (visualization was performed in the ultraviolet spectrum) or silver nitrate. The
size of the fragments was determined using molecular mass markers pUC19 and
O'RangeRuler 20 bp («Thermoscientificy, USA). Calculation of molecular masses of
amplification products was performed using the GelAnalyzer program (Version 2010a
freeware).

Genotyping of individuals by a set of microsatellite markers in native
polyacrylamide gels was performed according to the authors' method (Kulibaba &
Liashenko, 2016).

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

Research results. According to the results of the studies, it was found that all
microsatellite loci used in the experimental animal populations are polymorphic (the
proportion of polymorphic loci was 100%).
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The number of detected alleles per locus ranged from 4 (ETHL10, etc.) to 8
(TGLAS3). The analysis of the obtained results of genotyping of individuals allowed to
detect a total of 51 alleles for 10 microsatellite loci, the size of which was in the range
from 115 bp (ETH) to 307 bp (ILSTS006) (Table 2).

Table 2
Allele frequencies of the studied breeds for 10 loci
Allele Black- Red- Red- Red- Red-a_md- Red-
Locus bp "| and- and- and- and- White and-
White White | White White White
ETH 140 0.41 0.37 TGLA 160 0.03 0.03
225 146 0.15 0.18 053
150 0.05 0.04 168 0.06 0.06
152 0.19 0.16 170 0.54 0.46
154 0.2 0.25 174 0.07 0.1
TGLA 148 0.14 0.11 178 0.06 0.07
122 152 0.35 0.28 180 0.15 0.11
156 0.02 0.06 182 0.03 0.1
160 0.40 0.45 190 0.06 0.07
172 0.09 0.10 ETH 115 0.61 0.26
BM 125 0.16 0.23 3 117 0.02 0.02
2113 127 0.25 0.15 119 0.03 0.02
135 0.06 0.13 121 0.03 0.04
137 0.12 0.07 125 0.03 0.03
139 0.26 0.17 127 0.28 0.63
141 0.15 0.25 ILSTS 291 0.26 0.07
BM 190 0.35 0.42 006 295 0.17 0.22
1824 192 0.05 0.07 301 0.22 0.31
194 0.24 0.29 307 0.35 0.40
196 0.36 0.22 BM 266 0.30 0.48
INRA 199 0.02 0.03 1818 268 0.13 0.13
023 276 0.55 0.35
203 0.07 0.17 278 0.02 0.04
211 0.52 0.33 ETH 216 0.14 0.17
215 0.05 0.06 10 218 0.23 0.25
222 0.17 0.43
219 0.34 0.41 994 0.46 0.15

The most polymorphic loci in terms of the number of alleles were the TGLAS3
loci (8 alleles) and 2 loci that had 6 alleles (BM2113 and ETH3). The studied
microsatellite loci differed significantly in terms of the number of detected genotypes.
Thus, for the most polymorphic locus TGLAS3, out of 32 possible genotypes for the black
and red-and-pigmented breeds, only 15-16 were detected. At the same time, the frequency
of occurrence of two genotypes out of all detected was about 50%, and for 11 genotypes
the frequency of occurrence was less than 5%. This distribution of genotypes affected the
value of the effective number of alleles (ne), which was 3.0-3.9 (37-48%) (Table 3)
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Table 3
Main genetic and population indicators of the studied breeds by microsatellite loci
Parameter
Locus Na Ne Ho He Fis PIC
| 1 | 1 | 1 | 1 | 1 | 11
ETH225| 5 5 3,7113,86|069|0,71|0,73|0,74 | 0,05|0,04 |0,70 | 0,72
BM2113 6 6 5,10 (5,30 |0,82 (0,77 | 0,80 | 0,81 | -0,02| 0,05 | 0,79 | 0,80
ETH3 | 6 6 22012141059 |057|055|053|-0,07|-0,08/ 0,50 | 0,49
BM1818| 4 4 244 1269|037 |0,40(059|063|0,37|0,37|0,55|0,59
BM1824| 4 4 3,20 13,19 |0,66 | 0,68 | 0,69 | 0,69 | 0,04 | 0,01 | 0,65 | 0,66
'LSESOO4 4 |3741323]0700,66|073 0,69 |004|004 070|065
INRéAOZ 5 5 254 13,221063|0,65]|0,61]|0,69 |-0,03|0,06 |057]0,67
TGLAS3| 8 8 3,02 388|064 0,72 0,67 0,74 (0,04 |0,03|0,68 |0,72
TG"2A125 5 [322326|0670,65]|069|0,69|003|0,06|066 0,65
ETH10| 4 4 3,19 13,35|0,70 | 0,74 | 0,69 | 0,70 | -0,01| -0,06| 0,67 | 0,68
3,24| 3,41| 0,65| 0,66| 0,67| 0,69| 0,04| 0,05| 0,65| 0,66
5,14 5,1+
Mean 041 0.41 + + + + + + + + + +
! ! 0,26| 0,26| 0,04| 0,03| 0,02 0,02| 0,04| 0,04| 0,03| 0,03

Notes: | — Ukrainian Black-and-White dairy breed; Il — Ukrainian Red-and-White dairy breed; Na
— number of alleles; n. — effective number of alleles; H, — observed heterozygosity; He — expected
heterozygosity; Fis — Wright’s fixation index; PIC — Polymorphic Information Content.

Among the 6-allelic loci for dairy breeds, the most balanced in terms of allele
frequencies (0.17 + 0.03) and the maximum value of their effective number (ne = 5.2;
87%, Table 3) was BM2113. Among the loci with 5 alleles, the most uniform distribution
of allele frequencies was observed for the ETH225 locus (0.2 + 0.05), of which 74-77%
can be considered effective.

Analysis of the distribution of expected heterozygosity (He) in the studied cattle
breeds by the set of loci revealed an average level of genetic variability in dairy cattle
populations (He = 0.67 + 0.023 and 0.69 + 0.023. The highest expected heterozygosity
indices were characteristic of the studied populations at the BM2113 locus (0.80 and 0.81,
respectively). For the remaining loci, the minimum estimated number of heterozygous
individuals was at the level of 53 (ETH3, Ukrainian Red-and-White dairy breed) -59
(BM1818, Ukrainian Black-and-White dairy breed) %.

For most microsatellite loci within the studied cattle populations, an equilibrium
state between the actual and expected indices is characteristic (Table 4).

Checking the nature of the distribution of genotype frequencies according to
Hardy-Weinberg revealed a probable deviation in the form of a deficit of heterozygotes
for the VM1818 locus in only 2 cases (Fis = 0.37; %% = 8.0-8.3; p < 0.05). The average
value of the Wright fixation index gives grounds to believe that in the study populations
there is an independent state of genotype distribution with a certain tendency to increase
the number of homozygous individuals (Fis = —0.04 =+ 0.13 (black-pigmented) and Fis
=—-0.03 + 0.14 (red-pigmented).

The obtained analysis results prove the possibility of using 9 out of 10 SSR
markers for passporting, identification and confirmation of the origin of individual
individuals within the studied cattle populations.
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Table 4
Results of the assessment of the reliability of deviations in the distribution of
genotype frequencies according to Hardy-Weinberg

X2
Locus Ukrainian Black-and-White dairy | Ukrainian Red-and-White
breed dairy breed
ETH225 0,150 0,099
BM2113 0,037 0,146
ETH3 0,317 0,342
BM1818 8,342* 7,997*
BM1824 0,113 0,013
ILSTS006 0,101 0,113
INRAQ023 0,064 0,202
TGLA53 0,120 0,044
TGLA122 0,050 0,202
ETH10 0,013 0,196

Note. * — 42 > 42 level of significance p < 0,05

According to the results of the conducted studies, it was found that the vast
majority of the studied loci belong to informatively valuable markers (PIC > 0.5). The
exception is the ETH3 locus (PIC = 0.50) for both breeds.

Discussion. The obtained data on the genetic structure of the studied cattle
population according to the complex of microsatellite loci are a valuable source of
information in terms of both the preservation of the gene pool of breeds and for the control
of genetic processes in artificially reproduced animal populations. Given the potential
value of the studied dairy breeds as carriers of specific biological and economic
characteristics for specific geoclimatic breeding conditions, it would be advisable to
analyze changes in their genetic structure according to microsatellite markers compared
with data from previous years of research, with data from the initial forms involved in the
creation of the breed. Unfortunately, in the available literary sources there is little
information on the subject of the study, which could be correctly used for analysis.

Similar studies on the determination of allelic polymorphism of microsatellite loci
of biological objects, starting from the end of the 90s of the last century, are carried out
on appropriate equipment. We are talking about DNA analyzers (sequencers), which
allow to unify the fragmentary analysis of amplified fragments and, thereby, minimize
the influence of the human factor on the decision-making process regarding the number
and size of microsatellite alleles. This allows, taking into account the recommended FAO-
ISAG list of SSR markers, to correctly conduct a comparative analysis of genetic
polymorphism both within one and several animal populations.

However, most domestic scientists are deprived of the opportunity to use such
equipment and, at best, send samples for analysis abroad. We have accumulated
considerable experience in studying microsatellite variability in various animal species
and have developed a method for assessing the conformational structure of DNA under
native PAGE electrophoresis conditions based on the use of available equipment
(Kulibaba & Liashenko, 2016). This allows us 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 sizes of amplified fragments. In the case of a
DNA analyzer, a molecular mass marker for each individual sample and software data
processing based on a given mathematical regression equation are used to determine the
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size of the allele. We use one molecular marker for several samples and unlicensed
GelAnalyzer software (Version 2010a freeware) with manual selection of the appropriate
approximation equation for electrophoresis analysis and a regular millimeter ruler for
control. This may give certain inaccuracies and deviations from the data obtained on the
DNA analyzer. Considering the above, we will conduct a comparative analysis obtained
by other authors based on the assessment of the total number of alleles per locus, their
effective number, heterozygosity indicators, Wright's F-statistics and deviation from the
Hardy-Weinberg equilibrium. We found three options for analysis. The first source that
provides information on microsatellite variability of breeding bulls of different breeds of
cattle from the Genetic Resources Bank is the work of scientists of the Institute of Genetic
Resources of the National Academy of Sciences of Ukraine (Podoba et al., 2013). The
studies were conducted using a microsatellite panel (10 loci) on an ABI Prism 3130 DNA
analyzer. This work presents only data on the total number of allelic variants detected. It
should also be noted that the comparative analysis was performed for 6 of the 10
microsatellite loci that are common to both studies, namely the loci: ETH3, ETH10,
BM2113, BM1824, INRA023, TAGLA122 (Table 5).

Table 5
Total number of alleles detected in the studied cattle breeds
Locus
Cattle breed g\ 00 TBM2113 | ETHI0 | ETH3 | INRA023 | TGLAL22
Holstein 13 9 9 9 12 18
Simmental 7 8 4 6 9 9
Ukrainian Black-and-
White (genbank) > > > ° ! !
Ukrainian Red-and-
White (genbank) 10 10 8 ° 1 10
Ukrainian Black-
and-White 4 6 4 6 > >
Ukrainian Red-and-
White 4 6 4 6 5 5

The largest number of alleles was observed in Holstein cattle, which is a
component breed in the creation of Ukrainian dairy breeds. The maximum number of
allelic variants in this breed was recorded at the TGLA122 locus (n=18). The magnitude
of allelic polymorphism in breeding herds of black and red-and-white breeds of the
experimental farm of the NAAS network "Hontarivka™ is significantly lower (5 alleles
per locus) compared to Holstein (11.7), Simmental (7.2), Ukrainian Red-and-White (9.2)
and Ukrainian Black-and-White (5.8) breeding herds.

Another study of microsatellite variability in herds of cows of Ukrainian Black-
and-White and red-and-white dairy breeds was dated 2017 (Shelyov et al.). The authors
of the article analyze population genetic processes in experimental groups of cows from
the Boryspil district of the Kyiv region (Voronkiv village). Unfortunately, this work
presents data only on the level of heterozygosity (No and No). Of the 10 microsatellite
loci used, we present values for 7 (ETH3, , ETH10, ETH225, BM2113, BM1824,
INRA023, TAGLA122, Table 6).
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Table 6
Level of genetic variability in experimental herds of dairy cows
Kyiv region Kharkiv region
Locus I 1 [ 1
Ho He Ho He Ho He Ho He
TGLA122| 0,76 086| 0,74| 0,86| 0,67 | 0,65 | 0,69 0,69
INRA23 0,73| 086| 088 088| 063 | 0,65 | 0,61 0,69
ETH3 084| 077 086| 0,77| 059 | 057 | 0,55 0,53
ETH225 0,78 080| 091| 080| 069 | 0,71 | 0,73 0,74
BM1824 080, 084| 081| 086| 066 | 0,68 | 0,69 0,69
BM2113 087| 086| 0,77| 083 082 | 0,77 | 0,80 0,81
ETH10 082| 077| 081| 0,77| 0,70 | 0,74 | 0,69 0,70
Cepenne 0,80+ | 0,82+ | 0,83+ | 0,82+ | 0,68+ | 0,68+ | 0,68+ 0,69+
0,018 | 0,016 | 0,023 | 0,017 | 0,027 | 0,025 | 0,030 0,032

Notes: | — Ukrainian Black-and-White dairy breed; Il — Ukrainian Red-and-White dairy breed; H, —
observed heterozygosity; He — expected heterozygosity.

Analysis of actual and expected heterozygosity in dairy herds of Kyiv region
indicates a relatively high level of genetic variability. (He=0.82). Some cases of
consanguineous inheritance (excess homozygotes) were noted at loci TGLA122 and
INRA23 for the black and white breed (Fis =0.12 and 0.15, respectively) and for
TGLA122 of the red and white breed (Fis =0.14). A significantly lower level of
heterozygosity occurred in the experimental groups of animals of Kharkiv region
(He=0.68-0.69), although without significant deviations from the equilibrium state in the
distribution of genotypes.

Another option for analysis was the article by Snegin, Kramarenko et al., (2019 )
in which the authors assess the genetic diversity and relationships among eight Russian
and Ukrainian breeds of cattle using 10 microsatellite markers. The object of the study
was two Ukrainian (Southern Beef and Red Steppe, Kherson, Mykolaiv regions) and four
breeds kept in the Belgorod region (Ayrshire, Simmental, Black and Piebald Holstein,
Swiss, Russian Black and Piebald and Red and Piebald). First of all, we were interested
in data on the genetic structure of the populations of the Ayrshire, Simmental, Holstein
breeds, which were the initial forms in the creation of the Ukrainian Black and Piebald
and Red and Piebald dairy breeds. It was also possible to compare our data with the results
obtained in herds of black-and-white and red-and-white dairy breeds from a neighboring
region (Bilgorod region).

It should be noted that the comparative analysis was carried out for 8 out of 10
microsatellite loci that are common to both studies, namely for the loci: ETH3, , ETH10,
BM2113, BM1818, BM1824, INRA023, TAGLA053, TAGLA122. Analysis of the total
allele pool for these loci indicates a narrower interval of variation of allele sizes for our
experimental populations of dairy breeds. This applies to both the upper and lower limits
of variation in the lengths of amplification fragments for most microsatellite loci
(Table 7).

Among the studied breeds, the smallest number of alleles per locus was observed
in the herds of Ukrainian Black and Red-motley cows. In particular, it is almost half as
low as in the Ayrshire, Holstein, Simmental breeds of foreign selection and the Black and
Red-motley breeds from the neighboring Belgorod region (Table 8).
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Table 7
Allele sizes of microsatellite loci in the compared cattle breeds
L ocus Alleles, bp .
BPua-RPua Ayr, BPH, Sim, Sw, RPru, BPru

BM2113 125-141 122-156
ETH3 115-127 103-133
BM1818 266-278 248-278
BM1824 190-196 176-197
INRA023 199-219 195-225
TGLA53 160-190 142-191
TGLA122 148-172 129-184
ETH10 216-224 206-231

Notes: Ayr — Ayrshire; BPH — Holstein black-and-white; Sim — Simmental; Sw — Swiss Brown;
RPru — Russian red-and-white; BPru — Russian black-and-white; BPua — Ukrainian black-and-white
(Hontarivka); RPua — Ukrainian red-and-white (Hontarivka).

Table 8
Indicators of genetic variability in the studied cattle populations
Cattle Parameter
breed Na Ne Ho He Fis
Ayr 10,3+1,2 5,2+0,6 0,870+0,046 | 0,775+0,034 —-0,120=+0,030
BPH 13,6£1,3 5,6+0,6 0,823+0,037 | 0,800+0,024 —-0,033+0,044
Sim 10,241,3 | 4,0+0,5 | 0,808+0,059 | 0,698+0,051 -0,161+0,033
Sw 6,0£1,0 3,3+0,7 0,619+0,074 | 0,597+0,067 —-0,042+0,062
RPru 9,4+0,9 4,5+0,5 0,824+0,047 | 0,745+0,035 —-0,104+0,024
BPru 9,6+1,0 4,84+0,6 0,794+0,044 | 0,735+0,035 —-0,064+0,056
SMua 10,4+0,8 4,7+0,2 0,673+0,047 | 0,780+0,012 0,138+0,056
RSua 6,4+0,6 3,840,4 | 0,603+0,094 | 0,700+0,037 0,185+0,116
BPua 5,104 3,24+0,3 | 0,647£0,036 | 0,675+0,023 0,044+0,038
RPua 5,1+0,4 3,41+0,3 | 0,655+0,033 | 0,691+0,023 0,052+0,039

Notes: Ayr — Ayrshire; BPH — Holstein black-and-white; Sim — Simmental; Sw — Swiss Brown; RPru —
Russian red-and-white; BPru — Russian black-and-white; SMua — Ukrainian Southern Meat cattle; RSua
— Ukrainian red steppe; BPua — Ukrainian black-and-white (Hontarivka); RPua — Ukrainian red-and-white
(Hontarivka).

In terms of the number of alleles per locus (Na), effective alleles (ne) and the level
of heterozygosity (He), the populations of dairy breeds studied by us are similar to the
indicators obtained in the population of the Ukrainian Red Steppe breed (N.=6.4; ne=3.8;
He=0.7). Among the breeds of foreign selection, the lowest level of genetic variability
was found in the herd of cows of the Swiss breed (Na=6.0; ne=3.3; He=0.6). The maximum
values of the indicators of genetic diversity were characteristic of the populations of the
Ayrshire and Holstein breeds (Na=10.3-13.6; ne=5.2-5.6; H.=0.78-0.8).

In relation to the Hardy—Weinberg Equilibrium (HWE), a characteristic feature of
Ukrainian breeding breeds is the deficit of heterozygous individuals (4.4-13.8%), which
is reflected in the magnitude and sign of Wright's fixation index (Fis (SMua) = 0.138; Fis
(RSua) = 0.185; Fis (BPua) = 0.185; Fis (RPua) = 0.185; Table 8). A significant deviation
from HWE towards the excess of homozygotes was established at the BM1818 locus for
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Ukrainian black and red-motley breeds, ETH3, INRA023, TGLAO053 for southern meat
breeds and INRA023 and TAGLAO053 for red steppe breeds (Table 9).

Table 9
Results of Hardy-Weinberg Equilibrium (HWE) testing in cattle populations
for 8 microsatellite loci

Cattle breed
Ayr | BPH | Sim | Sw | RPru | BPru | SMua | RSua | BPua | RPua
BM1818 | NS E NS | NS | NS E NS NS D D
BM1824 E NS E D E NS NS NS NS NS
BM2113 | NS | NS E | NS E NS NS NS NS NS
ETH10 E NS | NS | NS| NS E NS NS NS NS
ETH3 E D NS | NS E D D NS NS NS
INRAO23 | E E NS | NS | NS NS D D NS NS
TGLA122 | NS | NS | NS | NS E NS NS NS NS NS
TGLAS53 | NS | NS | NS | NS | NS E D D NS NS

Locus

For breeds of foreign origin, out of 18 cases of deviation from HWE, only 3
showed a deficit of heterozygotes.

Thus, the results of the comparative analysis of microsatellite variability give
reason to believe that in the herds of Ukrainian Black and Red-motley dairy breeds kept
in the DPDG "Hontarivka™ of the Kharkiv region. a significant narrowing of genetic
variability is observed. First of all, this is manifested in a significant decrease in the
number of allelic variants for all studied loci (an average of 5 alleles per locus), as well
as the number of heterozygous individuals (H,=0.65-0.67). The reason for this may be
several factors. First of all, this is the selection of individuals for crossing in artificially
reproduced animal populations and, as a consequence, gene drift. On the example of
artificial populations, we have an example of the action of the main factors of the
evolutionary process, which arise in nature by chance. A person himself isolates
individuals, preventing free crossing, purposeful selection of desired genotypes, as a
result of which changes in allele frequencies occur primarily in small populations.
According to reported data as of 01.01.2022, there were 714 dairy cows in the
experimental farm (370 Red-mottled and 344 Black-mottled dairy breeds). Is this a lot or
a little for the normal functioning of the genetic potential of an artificial population of
animals. If we draw an analogy with natural populations, it is believed that the threshold
values of the effective population size (Ne) are 50 individuals, which is an insufficient
number to prevent inbreeding depression. Even 500 individuals are too few to fully
preserve the evolutionary potential of a given species of animals (the best approximation
is Ne >. 1000, Frankham et al., 2014). In our case, when there are objective reasons for
limiting the number of animals, the first priority should be the control of genetic processes
in artificially reproduced animal populations, which must be taken into account in
selection and breeding work.

Conclusions

1. Analysis of polymorphism of 10 microsatellite loci in experimental populations
of Black-and-White and Red-and-White dairy breeds allowed to detect a total of 51 alleles
for each of the populations. The number of detected alleles per locus ranged from 4
(ETH10 and others) to 8 (TGLAS3) (average 5.1).

1. The average level of genetic variability was established for the set of
microsatellite loci in dairy cattle populations (He = 0.68+0.025).
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2. For most microsatellite loci, an equilibrium state between the actual and
expected genotype frequencies is characteristic. A probable deviation in the form of
heterozygote deficiency was established only for the BM1818 locus in both experimental
populations (Fis = 0.37; %2 = 8-8.3; p < 0.05).

3. The vast majority of the studied loci belong to informatively valuable markers
(PIC > 0.5), The exception is the ETH3 locus (PIC = 0.50) for both breeds.
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Development of new and improvement of existing biotechnological methods for
activating the reproductive function of sows remains one of the current areas of scientific
research, which is a necessary condition for the current revival of industrial complexes
with a full cycle of pig production.

The results of experiments on studying the influence of vitamin-hormonal
stimulation of older sows to extend their productive longevity are presented. The
experiments were carried out in the conditions of industrial pig farming separately in the
spring and summer seasons. The work was aimed at increasing the efficiency of pig
farming in conditions of intensified production.

According to the results of the research, it was found that in the spring period of
the year, when using vitamin and hormonal treatment, an increase in the fertility of older
sows (3 years and older) is observed to 86.6 %, compared to 76.9 % in the control group.
In the experimental group, 15 sows came into heat within 4—5 days, of which 13 were
fertilized; in the control group, out of 15 animals, 13 animals came into heat within 8
days, of which 10 or 76.9 % of the sows were fertilized. Comparing the obtained data, it
should be noted that the sows of the experimental group came into heat 3 days earlier
than the control animals.

It has been proven that when vitamin and hormonal preparations are
administered to the main sows older than 3 years and using natural mating, an increase
in the fertility rate is observed by 9.7 %.

Such an important indicator as the multiparity of sows was higher by 4.0 % (from
13 experimental sows 34 piglets were obtained more compared to the control group of
animals).

Studying the main reproductive indicators of sows in the summer season: it was
found that when using vitamin-hormonal treatment, fertilization was at the level of 80 %,
which is 6.7 % higher than in the control. Within 6 days, all 15 animals of the
experimental group came into sexual heat, while 12 of them (80 %) became fertile after
mating. The sows of the control group, which were not treated with vitamin and hormonal
agents, came into sexual heat within 8 days; out of 15 animals, only 11 animals or 73.3 %
were fertilized. The multiparity rate of sows in the experimental group was 8.4% higher
than in the control group (10 piglets were born from 12 sows).

Keywords: vitamin-hormonal stimulation, pigs, fertilization, multiparity
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Pospobrka noeux ma yoockouanenHs ICHYIOYUX OIOMEXHON02IUHUX MemOoOig
akxmugizayii 8i0meopHoi (OYHKYII CEUHOMAMOK 3aTUUAEMBC OOHUM 13 AKMYATbHUX
HanpsMKi8 HAYKOBUX OOCNIONCeHb, WO € HeoOXIOHOI YMO80I0 NpU Menepiunbomy
BIOPOONCEHHI NPOMUCTOBUX KOMNIEKCIE 3 NOBHUM YUKIOM BUPOOHUYMEA NpoOyKYii
ceuHapcmaa.

IIpeocmasneno pesynomamu eKCnepuMeHmis 3 6UUEHHS GNAUBY GIMAMIHHO-
2OPMOHANLHOT  CMUMYAAYI]  CEUHOMAMOK CMApuio2o GiKy 01 HNOO0BI’CEHHs  iX
HPOOYKmMueHo20 0oezoaimms. Jocniou 6yno 30iUCHEHO 8 YMO8AX NPOMUCIOBO20
CBUHAPCLKO20 20CN00APCMEa OKpeMo y 8eCHAHY ma iimHio nopy poky. Poboma 6yna
CNPAMOBAHA HA NIOBUWEHHS epeKMUBHOCMI Be0eHHsI CEUHAPCLKOI 2any3i 6 YyMo8ax
iHmeHcughikosaroco supoOHUYMEA.

3a pezynromamamu 00CnioOHceHb 6CMAHOBIEHO, WO ) 8ECHAHUL Nepiod POKy npu
3ACMOCYB8AHHI  BIMAMIHHO-2OPMOHANILHOI  00pOOKU — cnocmepieaemvcsi  30L1bULeHHS
3anaiOHeHOCMI C8UHOMAMOK cmapuio2o 6iky (3-x pokig i Oinbwe) oo 86,6 %, npomu
76,9 % y xoumponvniu epyni. ¥ O0ocniouii epyni npuuiwiiu 6 oxomy 15 ceunomamox
npomszom 4—>5 0i0, 3 aAkux 3anaionunoce 13 2onie, y KoHmpoawHiu epyni 3 15 econie 6
oxomy npomszcom 8 0i6 nputiwno 13 eonig, i3 Hux 3annionunuce 10 abo 76,9 %
ceunomamox. Ilopieniorouu ompumani 0aui, cio 8iIOMIMUMU, WO 8 OXOMY CEUHOMAMKU
00CniOHOI epynu nputiwiu Ha 3 000U paHiule HidC KOHMPOIbHI MEAPUHU.

llosedeno, wo npu 66edeHHi GIMAMIHHOZO MA 2OPMOHANLHO2O NPENaApamis
OCHOBHUM CEBUHOMAMKAM cmapuie 3-X pOKi6 ma 8UKOPUCIMAHHI NPUPOOHO20 NAPYEAHHSL
cnocmepieaemvcs NIOGUUEHHS NOKA3HUuKa 3aniionenocmi Ha 9,7 %.

Taxuil gaxciugull NOKA3HUK, AK 6A2amoniioHicms C6UHOMAmMOK, 0Vi1a U0 HA
4,0 %, ( 6i0 13 00CniOHUX CBUHOMAMOK OMPUMAHO HA 34 nopocam Oinvuie NOPIBHAHO i3
KOHMPOIbHOIO 2PYNOI0 MEAPUH).

Busuarouu ocnoeni penpooykmueHux nOKA3HUKU CEUHOMAMOK Y JIMHIO HOPY
POKY: 6CMAHOBUNU, WO NPU 3ACMOCYBAHHA GIMAMIHHO-20PMOHANLHOI 00pOOKU
3annionenicmo 6yna na pieni 80 %, wo 6,7 % euwe Hisxc y konmponi. Ilpomsazom 6 0i6 y
cmamegy oxomy nputiwiau 6ci 15 meapurn docnionoi epynu, npu yvomy 12 i3 nux (80 %)
cmanu nopocuumu nicaa napysamts. CEUHOMAMKU KOHMPOJbHOI 2pynu, AKI He
06podAANUCA BIMAMIHHUMU MA 20PMOHANLHUMU 3ACOOAMU Y CMAMe8y 0X0Mmy NPUtiuiIu
npomszom 8 0i6; i3 15 meapun 3annionunoce auwe 11 2onie abo 73,3 %. Ilokaznux
bacamonnioHOCmi C8UHOMAMOK ) Q0CIiOHOI epynu 0y suwge Ha 8,4 % Hidc y KoHmpoii,
(6i0 12 ceunomamox Hapoounocs Ha 10 nopocam Oinvute).

Kniouosi cnosa: 8imamino-2OpMOHANIbHAS CIMUMYTAYISA, CEUHI, 3aNTIOHEHICMb,
bazamonnionicmo

Introduction. In solving the meat problem, an important place is given to pig
breeding as one of the most effective branches of animal husbandry, which is due to the
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biological characteristics of pigs, which are manifested in their high multiparity, early
maturity and significant growth intensity. (Usenko, S. O., et al., 2020).

Intensification of the pig breeding industry should provide for the maximum use
of the biological characteristics of pigs not only through the provision of progressive
breeding and feeding methods, but also through the application of new biotechnological
methods of stimulating the reproductive capacity of animals. (Bezverkha, L. et al., 2021,
Paliy, A. P. et al., 2024).

Reproductive ability is largely determined by the morphofunctional state of the
reproductive system of sows, which depends on environmental factors, the level of
feeding and conditions of detention (Ulyanchenko, O. V. et al., 2015; Mykhalko, O. H.,
2021; Pankeyev, S. P., 2022).

In most pig farms, the main problem is the lack of gilts available to replace old
and unproductive sows. The experience of specialists indicates that the number of gilts in
the herd should be regulated, depending on the goals of the strategy for repairing the
breeding stock (it is advisable to replace old sows only when you have the best young
gilts) (Radchenko, V. 1., 2017).

One of the best indicators for herd repair is the number of farrowings. The
indicators of animal productivity, in particular the number of live-born piglets in the litter,
depend on them. Usually it is highest in sows of the 2nd—4th farrowing, and starting from
the 5th it gradually decreases. The age of the animals and their productivity determine the
terms of economic use of the breeding stock, which in turn necessitates the study of the
reproductive qualities of sows. As a rule, in most pig farms, animals are culled after 3
years of intensive use, but since sows of this age still retain good indicators of multiparity
and good maternal qualities, the animal is left for further use (Kharenko, M. I.,
Khomyn, S. P., 2010; Ivanov, V. O., Voloshchuk, V. M., 2013).

The reproductive qualities of sows depend on the state of the reproductive system
and are determined by the following indicators - sexual behavior, intensity of estrus, and
depend on negative factors of maintenance - stress, monotonous feeding, imbalance of
nutrients according to the physiological state of sows, lack of active exercise and pastures
with green fodder (Baban, O. A. et al., 2018).

The sow's body is physiologically weak after weaning piglets. To restore its
reproductive function, preparations containing vitamins, amino acids and necessary trace
elements are required. One of the veterinary preparations that has proven itself well is
"Introvit". This is a complex preparation that contains all the necessary components for
the treatment and prevention of metabolic disorders in the animal body (Veterinaryye
preparaty, 2024; Pylypchuk, O. S., Sheremet, V. 1., 2015).

In the technology of modern pig farming, the issue of maintaining maximum
productivity and reproduction of sows over a long period of time is important. This, in
turn, requires full-fledged balanced feeding, stable operation of the neurohumoral system
of regulation of reproductive function and endocrine glands (Baban, O. A., 2018;
Pylypchuk, O. S., Sheremet, V. I., 2014).

Scientists’ studies have experimentally proven the possibility of stimulating sexual
activity for planned regulation of reproduction of a herd of pigs. management of
reproductive functions of females, synchronous induction of heat and ovulation in them
by using various hormones and their synthetic analogues (Robert, V Knox, 2015;
Drahan, P. O., lvasenko, B. P., 2023).

To intensify the reproductive function of sows by normalizing, restoring,
stimulating and synchronizing the reproductive function, a variety of methods and
techniques are currently successfully used in the practice of veterinary obstetrics and
reproductive biotechnology, including the use of combined hormonal preparations, which
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contain two gonadotropins: mare serum (stimulates the development of follicles) and
human chorionic (stimulates the onset of ovulation and the formation of the corpus
luteum) (Bodnar, O. O. et al., 2010).

The relevance of vitamin-hormonal regulation of the reproductive system of pigs
lies in the requirements of modern intensive technologies and economic efficiency
(Humennyy O. H., Shpilevska V. V. 2015; Sukhin, V. M., et al., 2012; Andrushko, O. B.,
Sharan, M. M., 2010). The efficiency of reproduction can be increased by using methods
of stimulating the heat of the main sows older than 3 years, to extend their productive
longevity.

The purpose of the research is to study the effectiveness of individual
biotechnological methods for a more complete realization of the reproductive potential of
pigs.

Materials and methods of research. In previous years, vitamin-hormonal
stimulation was studied in studies on replacement pigs and main sows. At the same time,
several variants of stimulation schemes were tested and the most effective one was
selected in terms of improving reproductive indicators (coming to heat after weaning of
piglets, fertilization and multiparity). This made it possible to reduce the number of
experimental groups in the current work and use the most effective variant of vitamin-
hormonal treatment.

For this purpose, 2 groups of Landrace sows were formed, each with 15 heads in
the group, aged 3 years and older, weighing 200—250 kg. The research was conducted in
the private company "Saenko L. V." Krasnogradsky district of Kharkiv region.

In the experimental group of animals, the complex vitamin preparation "Introvit"
was used in a dose of 8 ml intramuscularly to each animal 3 days before weaning the
piglets and on the day of weaning the piglets, the hormonal preparation "Gestavet" was
used in a dose of 5 ml intramuscularly. The control group of animals was not administered
vitamin and hormonal preparations.

The farm keeps 12 Landrace boars and natural mating is used. The selection of
sows in the hunt is carried out twice a day. After establishing the immobility reflex in the
sows by the boar - the probe, the uterus is allowed to the boar-breeder assigned to it.

Research results. The effect of stimulation of sows older than 3 years was studied
to extend their productive longevity. The reproductive indicators of sows were
determined: coming into heat after weaning piglets, fertility, multiparity in the spring and
summer seasons.

According to the results of research in the spring season, it was proven that when
using vitamin-hormonal treatment, an increase in the fertility of sows older than 3 years
is observed to 86.6 %, compared to 76.9 % in the control. 15 sows came into heat within
4-5 days, of which 13 were fertilized (experiment). Of the 15 heads, 13 heads came into
heat within 8 days, of which 10 or 76.9 % of sows were fertilized (control). Comparing
the data obtained, it should be noted that the sows of the experimental group came into
heat 3 days earlier than the control group of animals.

According to the results of the conducted studies, it was found that when vitamin
and hormonal preparations were administered to main sows older than 3 years and natural
mating was used, the fertility rate increased by 9.7 % compared to the control group.

The multiplicity of sows in the experimental group was higher by 4.0 % compared
to the control group of animals, sows that were administered complex preparations gave
birth to 34 piglets more than in the control group.

It was also found that per inseminated sow (those that became pregnant and those
that were not inseminated), the difference between the groups is 14.9 % in favor of the
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experimental one, so 1.29 piglets more than in the control were obtained (P>0.999). The
results of the studies are presented in the table.

Table
Reproductive ability of main sows of older age when using vitamin and hormonal
treatment
Group | Animal Fertil | Farrowing | Number| Fertility, Average
treatment | ized, |rox.| % of (per number of
head piglets | farrowing | piglets (per
born, uterus), inseminated
head. head uterus) head.
Spring time
Experi-| Vitamin-
ment | hormonal 15 13 86,6 130 {10,00=+0,20| 8,67 £0,13 ***
Control| No
treatment 13 10 [ 76,9 96 9,60 +0,27 7,38 £0,21
performed
Summer time
Experi-| Vitamin-
ment | hormonal 15 | 12 | 80 117 | 9,75+0,25 | 7,80+0,26 *
Control| No
treatment 15 11 | 73,3 107 9,72 £0,24 7,13 +£0,19
performed

Note. * P> 0.95; *** P> (0.999 - compared to the control.

The study on sows in the summer season was carried out according to the same
scheme as in the spring, using the same number of animals, 15 animals in the experimental
and control groups. Natural mating of sows with boars attached to them was used.

Determining the reproductive indicators of sows: coming into heat after weaning
piglets, fertility and multiparity of animals in the experimental and control groups, the
following was established: when using vitamin-hormonal treatment in the experimental
group, the fertility indicators were at the level of 80 % and 73.3 % in the control group.
The studies revealed that in the experimental group, the fertility indicator was 6.7% higher
compared to the control group. 15 animals in the experimental group came into heat
within 6 days, 12 of which 80 % became fertile.

The sows of the control group, which did not receive any drugs, came into heat
within 8 days, and out of 15 animals, only 11 or 73.3 % were fertilized.

In the summer, according to the results of the studies, 10 more piglets were born
in the experimental group than in the control, which is 8.4 %. The multiparity index of
the sows of the experimental group was 9.75 piglets, in the animals of the control group
the multiparity was 9.72, that is, the index was 0.4 % lower. In terms of overall efficiency
per inseminated sow (fertilized and unfertilized), a small difference of 8.6% was obtained
and 0.67 piglets were obtained, with the advantage of the experimental group over the
control (P> 0.95).
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Studies on sows in the summer were conducted according to the same scheme as
in the spring, using the same number of animals, 15 animals each in the experimental and
control groups. Natural mating of sows with boars attached to them was used.

Determining the reproductive indicators of sows: coming into heat after weaning
piglets, fertility and multiparity of animals in the experimental and control groups, the
following was established: when using vitamin-hormonal treatment in the experimental
group, the fertility indicators were at the level of 80 % and 73.3 % in the control group.
The studies revealed that in the experimental group, the fertility indicator was 6.7 %
higher compared to the control group. 15 animals in the experimental group came into
heat within 6 days, 12 of which 80 % became fertile.

The sows of the control group, which did not receive any drugs, came into heat
within 8 days, and out of 15 animals, only 11 or 73.3 % were fertilized.

In the summer, according to the results of the studies, 10 more piglets were born
in the experimental group than in the control, which is 8.4 %. The multiparity index of
the sows of the experimental group was 9.75 piglets, in the animals of the control group
the multiparity was 9.72, that is, the index was 0.4 % lower. In terms of overall efficiency
per inseminated sow (fertilized and unfertilized), a small difference of 8.6 % was obtained
and 0.67 piglets were obtained, with the advantage of the experimental group over the
control (P> 0.95).

Determining the influence of the season on the reproductive performance of sows,
it was found that the difference in the fertilization rate between the experimental groups
was 6.6 % in favor of sows that became pregnant in the spring. Between the control
groups, the difference in this indicator was 3.6 %, that is, many times smaller.
Determining the difference in the multiparity rate between the experimental groups, it
was found that it was 2.5 % superior to the group of animals that were pregnant in the
summer. In the control groups, the difference was only 1.2 %. Comparing the number of
piglets born in the experimental groups, a difference of 13 heads or 10% in favor of sows
that farrowed in the summer was found. The advantage of 11 piglets or 1.3 % was between
the animals of the control group in favor of sows that farrowed in the summer.

Thus, it was established that the indicators of reproductive ability were better
when using the vitamin-hormonal treatment scheme for sows, both in the spring and
summer seasons.

Discussion. In the scientific literature, there are a number of reports on the
relationship between the level of reproductive traits of sows and their age. In particular,
researchers (Pokhodnya, H. S., 2011) claim that with increasing age of sows, their
multiparity increases. Studies conducted by scientists (Nekrasova M. A, 2020) revealed
a significant influence of the age of sows on the manifestation of their reproductive
qualities. In particular, it was established that the multiparity of sows increased with
increasing age. Thus, at the first farrowing, the value of this indicator was 9.9 goals.
Gradually increasing with each farrowing, it reached its maximum of 11.3 goals in sows
with the sixth farrowing, the difference between the first and sixth farrowings was 1.4
goals (p<0.001).

According to our data, it was found that when using the vitamin preparation
"Introvit" and the hormonal preparation "Gestavet™ in the sows of the experimental group,
an increase in the fertility rate was observed compared to the control group by 9.7 % in
the spring season and by 6.7 % in the summer. The indicators obtained by us are
confirmed by the data of other researchers. In particular (Pylypchuk, O. S., Sheremet, V.
I., 2015) feeding sows the biologically active preparation "Glutame 1M" at a dose of 20
ml for three days immediately after weaning the piglets in combination with an injection
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of "Introvit" at a dose of 10 ml on the day of weaning increases their fertility by 21.4 %,
multiparity by 1.6 heads and halves the number of stillborn piglets.

Many studies have proven (Drahan P. O., Ivasenko B. P., 2023, Bodnar, O. O. et
al., 2010, Humennyy O. H., Shpilevska V. V., 2015) that the administration of combined
hormonal preparations to sows, which contain two gonadotropins: mare serum (stimulates
the development of follicles) and human chorionic (stimulates the onset of ovulation and
the formation of the corpus luteum), is an effective means of restoring the sexual function
of animals (Andrushko, O. B., Sharan, M. M. (2010). Scientists (Pylypchuk, O. S.,
Sheremet, V. I., 2014) found that the administration of a preparation containing
gonadotropic hormones to stimulate sexual function in sows after weaning piglets helps
to reduce the idle period and increase the fertility of animals. Our studies confirm this
conclusion. Thus, in the spring season, 15 sows came into heat within 4—5 days, of which
13 animals were fertilized (experiment). In the control group, 13 animals came into heat
within 8 days, of which 10 or 76.9 % of the animals were fertilized. In the summer season,
15 animals of the experimental group came into heat within 6 days, of which 12 or 80 %
became pregnant. The sows of the control group, which did not receive any drugs, came
into heat within 8 days, and of the 15 animals, only 11 or 73.3 % were fertilized.

The same authors (Pylypchuk, O. S., Sheremet, V. 1., 2014) noted that with a sows'
idle period of 4—5 days, a higher percentage of fertilization is observed, compared to its
duration of 7—8 days. The same pattern was observed in our experiments.

According to (Kramarenko, S.S. et al., 2008), in most sows, the number of piglets
in the litter increases to the fifth - sixth farrowing. Piglets obtained from sows in the
second and sixth farrowings increase their live weight faster.

According to the studies of scientists (Leontev V.V., 2008; Topchiy L. I., 2009).
Topchiy L. 1., 2009) one of the problems of industrial pig farming is the influence of the
season on the reproductive function of animals. This is probably due to the fact that
environmental factors also change with the season of the year, among which the most
important are ambient temperature, air humidity, etc.

The issue of the influence of individual factors on the indicators of reproductive
characteristics of sows is widely discussed in the scientific literature. It is no coincidence
that we divided the studies into spring and summer in our experiments. It was reported
(Javier Pifian et al., 2021) in particular about a significant difference in fertility and
multiparity indicators depending on the season of the year. It was also reported about the
influence of age on the reproductive characteristics of sows. Therefore, in our studies,
sows after 6 or more farrowings were taken to obtain correct results.

Studies (Mykhalko, O. H., Povod M. H., 2019) showed that the multiparity of
sows in the experimental group in spring was significantly higher by 2.21 heads or
15.13% (p<0.001) in the experimental group compared to the control group. Scientists
noted that in the summer months, despite the increasing influence of external seasonal
factors, which should theoretically reduce the total number of piglets at birth, this
indicator had some increase in the experimental group, in the summer the total number of
piglets born was 16.07 heads, which is 3.01 heads (18.73 %) more than in the control
group (p<0.001). The presence of a significant effect of the season of the year on the
reproductive qualities of sows is confirmed by the findings (J. Hagan, 2018, Y.H. Huang,
2003).

Our studies on a group of sows have shown that the multiparity index of sows in
the experimental group was 4.0% higher than that of the control group in the spring. The
difference in the multiparity index of sows in the summer between the groups was 0.4 %.
The effect of stimulation of sexual function in sows with a combination of gonadotropins
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and vitamins on multiparity indices has also been noted by other scientists (Sukhin, V. M.,
Chumak, V. O., Kryva, O. A., 2012).

Our experiments have shown a positive effect on sows over 3 years of age not
only by the injection of “Introvit” and “Gestavet”, but also by the use of natural mating
with boars with proven reproductive function. In our opinion, this additionally increased
the fertility and multiple birth rates in the older age group of animals.

Conclusions. Based on the results obtained, a scheme for vitamin and hormonal
stimulation of the reproductive function of sows is proposed.

It was found that when vitamin and hormonal preparations were administered to
sows in the experimental group and natural mating was used, the fertility rate increased
compared to the control group by 9.7 % in the spring and by 6.7 % in the summer.

It was studied that the multiple birth rate in sows in the experimental group in the
spring period was higher when using the complex preparation “Introvit” and the hormonal
preparation “Gestavet” by 4.0 % compared to the control. The difference in the
multiparity index of sows in the summer season between the groups was 0.4 %.
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The chronology of scientific research achievements in the process of determining
the biological nomenclature and classification of honey bees and the implementation of
the results obtained for use in the practice of beekeeping in the selection and preservation
of aboriginal breeds (races) of bees in modern environmental conditions is highlighted.
An attempt is made to focus this study in the field of analysis of the chronology of methods
used in the historical aspect of determining the taxonomy of insects, in particular bees.
At the same time, the problems and prospects of scientific research in modern economic
and natural and climatic conditions of the development of the industry are reflected. It is
shown that initially only morphometry was used worldwide to identify bee breeds.
However, morphometric features are not always informative in identifying subspecies,
since they are subject to variability under the influence of environmental conditions.
Later, biochemical methods for identifying bee subspecies based on polymorphism of
allozyme loci were developed. It is shown that at the same time, methods for identifying
bee subspecies based on polymorphism of mitochondrial DNA (mtDNA) loci were
developed. This polymorphism was successfully used in phylogenetic and
phylogeographic studies of honey bees. The disadvantage of mtDNA markers is the
exclusively maternal type of inheritance. At the same time, methods for identifying bee
subspecies were developed taking into account polymorphism of nuclear DNA (nDNA)
loci. Recently, methods for identifying bee subspecies based on SNP analysis have been
developed. These markers have become widely used in population, evolutionary and
phylogenetic studies of bees due to the development of next-generation sequencing
methods NGS (Next Generation Sequencing) Illumina. SNP markers are characterized by
high resolution due to their number and stable inheritance over several generations,
which can be successfully used in genetic mapping, population and evolutionary studies,
selection of lines for economically useful traits and disease resistance, identification of
taxonomic affiliation of bee families.

Keywords: honey bee, taxonomy, morphometric, molecular genetic research
methods.
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KITACUDPIKALIIA MEJOHOCHHUX B/IK1IJI. CYYACHHUU CTAH
TA ITPOBJIEMATHUKA
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Bucsimneno xpononoeito 3000ymkie Haykosux 00CniodiceHb 8 Npoyeci BUHAYEHHS
Oionociunoi HOMeHKamypu i Kiacu@ikayii MeoOoOHOCHUX 00XCIT ma 6npo8adI’CeHH s
OmpuUManux pe3yiomamie 0Nl BUKOPUCMAHHA V  NPAKMUYi 6e0eHHA  2any3i
00dCinbHUYMBA w000 cellekyii ma 30epedicenHsi abopuceHHux nopio (pac) 60icin y
CYUACHUX YMOBAX O06KINIA. 3pobieHo cnpoby 30cepedumu 0ane OOCHIONCEHHS 8 NOJ
AHanizy XpOHON02ii Memoois, Wo 3aCMOCOBY8ANUCH 8 ICMOPUYHOM) ACNEKMI BUSHAYEHHS
MAaKkcoHoMii Komax, 30kpema 60xcin. Pazom 3 yum 6i0obpadiceno npobdremu i
NEPCNeKmusy  HAYKoBUX OOCHIOHNCeHb 6 CYYACHUX EeKOHOMIYHUX Mmd NPUpooHO-
KAIMAMUYHUX yMo8ax po3sumky eanysi. Iloxkazano, wo ona ioenmugbixayii nopio 60xcin
CNOYAmMKY 'y 8CbOMY C8Imi BUKOpUCMOBY8AIU Jauue Moppomempiro. Oouak
Mopomempuuni 03HAKU He 3a8dcou iHopmamueni npu idenmughixayii niosudis,
OCKINbKU NI BNIUBOM YMOB O0BKILIA CXUNbHI 00 MiHAusocmi. Hadani nabynu pozsumxy
Oioximiuni memoou ioenmuikayii niosudie 6ONCLL Ha OCHOBL NONIMOPDIZMY ANLOZUMHUX
JI0Kycie. Bidobpasiceno, wo 00HOUACHO po3pobnsnucs memoou ioenmugixayii nioguoie
060o1cin Ha ocHogi nonimopghizmy noxycie mimoxonopianvroi JHK (mm/HK). Ilei
ROMIMOPIZM  YCHIWHO 3ACMOC0o8Y8a8Ccs V (pinoeenemuunux ma Ginoeeoepaghiunux
00CNIOJHCEHHAX MeQOHOCHOI 00xconu. Heodonikom mapkepie mm/HK € euxaouno
MaAmepuHCbKUuti mun YCnaoxky8aumHs. Y moiu camuti uac po3eU8aAnuUcs Mmemoou
i0oenmucixayii niosudie 60xiCin 3 ypaxy8arHuam nonimopgismy noxycie sadeproi /[HK
(a/[HK). Ocmannim yacom nabynu po3sumky memoou ioenmugikayii niosuoie 60xcin Ha
ocnogi ananizy SNP. /lani mapxepu Habyau wupoKoco NOUIUPEHHs ) NONYIAYIUHUX,
eBOIIOYIUHUX Ma DinoceHeMUUHUX OOCTIOHCEHHAX OOHCI 3A805KU PO3GUMK)Y Memooi8
cexeenysanns nacmynnozo noxoninnsa NGS (Next Generation Sequencing) Illumina.
SNP-maprepu xapaxmepuzyromocs 6UCOKOWO PO30IIbHOW 30AMHICMIO 8 CUNLY IXHbOI
KiIbKOCmI ma cmabiibHOi yenaoko8anocmi y psioi NOKOJIHb, SIKI MONXCYMb Oymu yCniuHo
BUKOPUCMAHI 68  2eHeMUYHOM)Y  KAPMYBAHHI, NONYIAYIUHUX MA  eBOJIOYIUHUX
00CNI0JCEeHHAX, celleKYii NiHill 3a 20CN00APCbKO—KOPUCHUMU O3HAKAMU MA CMILKICMIO
00 3ax680p108aHb, I0eHMUPIKAYI] MAKCOHOMIYHOI NPUHANEHCHOCMI cimell DOMHCI.

Kntouoei cnosa: medonocua 600dcona, makcoHoMis, MoOpgho MempuuHi,
MOJNIEKYNAPHO-2eHeMUUHI MemOoOU O0CIONHCEHHSL.

Beekeeping has existed for millennia. Pollination of crops by honey bees is even
more important than its products from both a commercial and ecological point of view.
Knowledge about the main pollinators of agricultural plants, in particular, bee breeds, is
one of the modern sections that expand the understanding of the most valuable species of
insects and encourage a deeper understanding of their role in the direct and indirect impact
of both pollination activity on the reproduction of entomophilous plants and the
production of food products for humans. Apis melliffera (honey bee) is one of the
economically valuable species represented in Ukraine. It is characteristic that bees show
the greatest adaptive efficiency precisely to those climatic conditions, species
composition of honey plants, parasites and bee diseases, where their breed (race) was
historically formed. (Metlytska O. 1., 2016).
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As in other branches of animal husbandry, in beekeeping, significant attention is
paid to the breed resources of bees, the rational use of which in appropriate natural and
climatic conditions ensures an increase in the received products and balances the
multifaceted connections in wildlife. (Metlytska O.1, 2010).

The achievements of any science are the result of historical development, which is
manifested in the concepts of leading representatives, through whose efforts it moves
forward.

The goal was to generalize the issue of taxonomy and classification of honey bees,
distributed throughout the territory of Ukraine through the analysis of population and
molecular genetics methods.

Research methods. The methodological tools included both general scientific
methods - logical analysis and synthesis, classification and systematization,
generalization, and special ones - problem-chronological and source and terminological
analyses, as well as analysis of literary sources.

Research results. According to the main taxonomic categories (ranks), bees — Apis
— belong (Zlotin O. Z., 1988., Cherkasova A. 1., 1991, Kotthoff U.et al., 2013) to:

* Phylum: Arthropoda / Arthropoda

* Class: Insecta / Insecta

* Order: Hymenoptera / Hymenoptera

* Family: Apidae / Apidae

* Genus: Bee / Apis

Hymenoptera is a large order of insects, consisting of bees, sawflies, ants and
wasps. Currently, about 150,000 living and about 2,000 extinct species of hymenoptera
have been described.

The only genus Apis of honey bees is included in the family Apidae. All species of
honey bees of the genus Apis are very similar in behavior, social biology, morphology,
nest architecture and nutrition. However, despite the great similarity between species of
honey bees, differences in behavior and ecology are observed.

According to some authors, species of honey bees of the genus Apis are grouped
into three lineages:

« dwarf - Apis andreniformis and Apis florea;

* giant - Apis dorsata;

» with closed nests - Apis koschevnikovi, Apis cerana and A. Mellifera.

Some scientists divide bees into four species:

« A. mellifera — western cryptic bee;

* A. cerana — eastern cryptic bee;

* A. dorsata — giant bee;

* A. florea — dwarf bee.

Each of these species occurs in a wide range of climatic conditions and habitats.
Each lineage includes many ecologically and morphologically differentiated allopatric
subspecies and related species that live in the same territory but occupy different
ecological niche (Meixner et al., 2013). In particular, A. mellifera L. bees were distributed
throughout Europe, Africa, and were divided into many subspecies, and are currently
distributed on all continents except Antarctica.

Apis mellifera (honey bee) is one of the most well-studied species of honey bees,
although many questions about its biology, taxonomy and evolution remain unanswered.

At the initial stage of the classification of honey bee subspecies, there were several
identification methods, in particular, morphometric: morphometry of body parts; classical
morphometry of the wing. It was used to establish the breed composition of bee colonies,
starting from the first half of the 20th century. (Ruttner, 1973).
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Some of the most important exterior indicators are listed below (Yarovets, 2022):

1. Length of the proboscis. This indicator is taken into account when determining
the breed of bees. It also has independent breeding, biological and economic significance
- bees with a long proboscis are able to extract nectar from deeply located nectaries.

2. Length and width of the right front wing. Some researchers associate wing size
with the potential foraging capabilities of bees.

3. Number of hooks on the hind wing. This indicator is rarely used, but it is of
interest because it is not associated with seasonal variability.

4. Cubital index. This indicator does not change during the season, weakly
correlates with other exterior indicators.

5. Length and width of the third tergite. The dimensions of the tergite correlate well
with the overall dimensions and body weight of the bee and can be a reliable criterion for
determining the breed of bees.

6. Length and width of the third sternite.

7. Length and width of the wax mirror.

8. Tarsal index. The indicator is practically independent of seasonal influence, and
it can be successfully used to determine the breed of bees.

9. Discoidal displacement.

Classical wing morphometry is an important and inexpensive method for
determining the breed composition of bee colonies by phenotypic characteristics. The
latter include the so-called indices - the values of the ratios of the lengths of certain
segments on the wings. Over time, classical morphometry has developed, and the
DAWINO discriminant analysis (Fig. 1) has appeared; geometric analysis of the wing
shape.

Fig. 1. Scheme of drawing and numbering points on the wing according to the
DAWINO method

Morphometric methods are based on numerous measurements of many individuals.
From a large number of characters for the analysis of honey bees from a wide range of
geographical locations, researchers selected 42. This set of characters was called the
“standard morphometric” indicators. They have stood the test of time and continue to
remain relevant and used in a wide range of studies of geographical variations (Diniz-
Filho et al, 2000, Bouga M., 2011, Vinutha R Bhatta et al, 2022, ).

The biodiversity of the honey bee Apis mellifera L was first assessed using
morphometry. After the development of multivariate statistical methods, they were used
by Ruttner (1988) to systematize the taxonomy of honey bees of the genus Apis.
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Initially, the biodiversity of honey bees was determined using the morphometric
method, which was entirely based on a large collection of samples with subsequent
multivariate analysis of morphometric characters. This identification method was long
considered definitive among honey bees.

The systematics and nomenclature of honey bees of the genus Apis are quite
complex (Sheppard, Meixner, 2003; Chen., 2016,). Maa T.C., (1953) distinguished 24
species of honey bees and three genera. Kanderir, Fuchs et al., 2011, provide tabular data
obtained from the Oberurse Database and used in their works for 24 names of subspecies

of honey bees (Fig. 2).

Subspecics Sample size
Colony Bee

Tropical African

A. m. adansonii 1l 108
A. m. capensis 3 30
A. m. lamarckii 7 69
A. m. litorea 6 53
A. m. monticola 8 77
A. m. scutellata 14 136
A. m. unicolor 7 67
A. m. yemenitica 14 126
Western Mediterrancan  Northern Afnican

A. m. iberica 2 18
A. m. intermissa 8 78
A. m. mellifera 14 136
A. m. sahariensis 2 19

Central Mediterrancan - Southeastern European

A. m. carnica 15 146
A. m. cecropia 9 87
A. m. ligustica I 107
A. m. macedonica 2 20
A. m. sicula 4 39
Middle Eastern

A. m. adami 5 50
A. m. anatoliaca 5 50
A. m. armeniaca 6 54
A, m. caucasica 12 119
A. m. cypria 4 39
A. m. meda 8 79
A. m. syriaca 9 85

Fig. 2. List of honey bee subspecies
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Based on a large volume of samples and multivariate analysis, a classification was
proposed, the basis of which is the division of bee subspecies into branches. Initially,
three branches were distinguished - A (from South and Central Africa), M (North Africa
and Northern Europe), C (Eastern Europe and the Mediterranean). The classification was
further refined by adding a fourth evolutionary branch - O (Near and Middle East).

Recently, two more branches have been described as lineage Y from Ethiopia and
lineage Z from Syria (table 1) (Franck et al., 2001; Ruttner, 1988 .; Alburaki et al., 2013,
Whitfield, 2006, Wallberg, 2014, Chen C. et al.,2016).

According to other literature data, currently about 30 subspecies of the species A.
Mellifera are recognized by most scientists. In particular: Species: Apis mellifera.
Subspecies: A. m. adami; A. m. adansonii; A. m. anatoliaca; A. m. artemisia; A. m.
capensis; A. m. carnica; A. m. caucasia; A. m. cecropia; A. m. cypria; A. m. iberica; A.
m. intermissa; A. m. jemenitica; A. m. lamarckii; A. m. ligustica; A. m. litorea; A. m.
macedonica; A. m. meda; A. m. mellifera; A. m. monticola; A. m. remipes; A. m. ruttneri;
A. m. sahariensis; A. m. scutellata; A. m. siciliana; A.m. sicula A. m. simensis; A. m.
sinisxinyuan; A. m. sossimai; A. m. syriaca; A. m. taurica; A. m. unicolor (Linnaeus, C.
1758, Engel, M.S. 1999,).

Table 1
Classification of Apis subspecies by morphological characteristics and
distribution area

Ne Name

Branch, distribution area Subspecies
1 A. m. adansonii
2 A. m. capensis
3 A. m. lamarckii
4 . A. m. litorea
5 A, Africa A. m. monticola
6 A. m. scutellata
/ A. m. unicolor
7 A. m. yemenitica
9 A. m. ibericensis
10 M, Western and Northern Europe A . intermissa
11 ' A. m. mellifera
12 A. m. sahariensis
13 A. m. carnica
14 A. m. cecropia
15 C, Mediterranean. Eastern Europe A . hg”‘mcf’
16 A. m. macedonica
17 A. m. caucasia
18 A.m. sicula
19 A. m. aoami
20 A. m. anatoliaca
21 O, Near and Middle East A. m. armeniaca
22 A. m. cypria
23 A. m. meda
24 A. m. syriaca
25 Z, Syria A. m. syriaca
26 Y, Yemen A. m. jemenitica
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llyasov R. et al. (2017) provide a list of subspecies of honey bees, the names of
which differ somewhat from the data of previous authors (Table 2).

Table 2

Division of A. Mellifera subspecies into branches
Ne | Branch Subspecies Ne Branch Subspecies
1 A. m. sahariensis 16 A. m. ligustica
2 A. m. intermissa 17 A. m. carnica
3 A. m. lamarckii 18 A.m. carpathica
4 A. m. litorea 19 A. m. macedonica
5 A. m. scutellata 20 C A. m. cecropia
6 A A. m. monticola 21 A.m.sicula
7 A. m. adansonii 22 A.m. pomonella
8 A. m. unicolor 23 A. m. ruttneri
9 A. m. capensis 24 A. m. caucasia
10 A. m. simensis 25 A. m. remipes
11 A.m. nubica 26 A.m.armeniaca
12 M A. m. mellifera 27 0 A. m. adami
13 A. m. iberiensis 28 A. m. meda
14 Z A. m. syriaca 29 A. m. cypria
15 Y A. m. jemenitica 30 A. m. anatoliaca

They differ in many features, both behavioral and morphological. Initially, the
recognition of subspecies was based on a descriptive basis, but they turned out to be
insufficient.

Important remarks regarding the use of classical, standard wing morphometry were
expressed by A. Tofilski (2008), emphasizing the possibility of using different options in
terms of the number of wing features, which, as a rule, lead to classification results that
differ little from each other.

In addition, the use of stepwise discriminant analytics allows you to reduce the
number of features and leave only those that make a significant contribution to the
discrimination of wing phenotypes.

However, there are several circumstances that prevent the effective use of this
method to its full extent. The use of segment lengths and segment areas requires studying
only bees of the same age, which is extremely problematic, especially if a significant
number of colonies from different regions and apiaries are being studied, and the use of
segment areas requires the presence of specific technological and software, to which most
Ukrainian beekeepers do not have access (Cherevatov V.F. et al., 2023).

The difficulty also lies in the further use of the obtained classification data for the
purpose of correct comparison of wing phenotypes from different apiaries or regions.
From this point of view, the use of a set of 8 indices has the advantage that it allows
creating sufficiently compact banks of reference index data. According to the authors,
such banks must meet certain requirements - contain the minimum number of signs that
would be sufficient for reliable classification of bee wings; signs must be unified; signs
must be established without technological difficulties. The use of such reference data
banks is the key to reliable identification of the breed composition of bees by wing
phenotype. Thus, morphometric research methods, despite their low accuracy, allow for
a quick and inexpensive preliminary assessment of the taxonomic affiliation of bee
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colonies. Additional assessments of biological and ethological signs of bee colonies allow
for increasing the accuracy of identification of their taxonomic affiliation. These facts
make morphometric methods of studying bees widespread in the practical activities of
beekeepers today.

Determining the breed of bees by studying exterior features using the classical
method is complicated by the fact that the indicators of some measurements of body parts
in breeds are within the same or close limits. In addition, some authors indicate that the
results of morphometric measurements carried out using the standard method are
influenced by subjective factors.

However, phylogeographic studies have shown that variations in the
morphological features of these subspecies as a result of adaptation to local conditions
often complicate their correct identification. Therefore, molecular methods based on
DNA markers, such as mitochondrial DNA (mtDNA), microsatellites and single
nucleotide polymorphisms (SNP, Single Nucleotide Polymorphism), have been
developed. Molecular genetic studies have generally confirmed the previously obtained
morphometric data for branches A, M, C; O. More recently, the Y branches, which
include the subspecies 4. m. yemenitica from Ethiopia (Franck et al.,2000, 2001) and the
Z branches, which include the subspecies A. m. syriaca from Syria (Alburaki et al., 2013,
Meixner et al., 2013, Babu K. N. et al., 2020), have been isolated.

Among molecular markers, non-recombinant and maternally inherited mtDNA is
one of the most widely used objects of study. PCR-based assays for bee typing were first
used in connection with the Africanization of honey bees in the Americas. The
introduction of the African subspecies A.m.scutellata in Brazil, and its subsequent
hybridization with previously imported European subspecies (Michener, 2000), led to the
rapid spread of wild populations of the new hybrid strain (Africanized honey bee) over a
large area covering most of South America, Central America, Mexico, and the
southwestern United States (Texas, New Mexico, Arizona, Nevada, and California)
(Pinto et al., 2012).

A feature of mtDNA as a molecular marker is that it is inherited from only one
parent: it is transmitted through the maternal line (from mother to offspring) during
fertilization. Due to maternal inheritance, there are no genetic recombinations in the
mitochondrial genome, thus a single haplotype is inherited - a set of closely linked loci.
The mutational process acts as the only factor in the formation of mtDNA polymorphism,
and mutations that are stored and accumulate in the mitochondrial genome can be a trace
of the evolutionary history of a species or an individual (Metlitskaya et al. 2012).

One of the first molecular genetic studies to identify Africanized bees in California
was based on polymorphisms of three mtDNA loci and required the use of three
restriction enzymes (Hall Smith, 1991. Smith, 1995). Later, the analysis methodology
was improved, and today the most informative for typing is the intergenic locus located
between the genes of cytochrome oxidase subunits I and Il (COI-COIl) of the
mitochondrial genome of Apis mellifera.

Proposed by Garnery et al. (1993) PCR protocol involves the use of one pair of
primers and restriction endonuclease Dra I. Classification of mitotypes of the COI-COII
locus is carried out on the basis of a complex analysis, which includes the length of the
amplification fragment and polymorphism of the Dra | restriction endonuclease sites.
Based on the Dra I restriction of the COI-COII locus of bee mtDNA, 91 mitotypes of the
evolutionary branch M, 30 of the branch A, 5 of the branch C and 7 of the branch O
mitotypes have been identified to date (Ilyasov et al., 2016). As an alternative approach
to determining the mitochondrial genome of African bees, an analysis method based on
the polymorphism of the cytochrome b gene of mtDNA can be considered. Crozier et al.

118



g[
Hayxoeo-mexuiunuii broremens Incmumymy meapunnuymea HAAH, 2024, Ne132 F=5

(1992) developed primers within cytochrome b and proposed to diagnose Africanized
bees by the presence/absence of the Bgl 1l restriction site. The advantage of this method
Is its simplicity and ease of interpretation of the results (convenient for analysis of
amplification 485 nucleotide pairs (bp) and restriction 291/194 bp fragments, use of
agarose gel). However, this method does not allow to distinguish the mitotypes of bees
from the southern part of Africa A. m. scutellata from A. m. intermissa (Northeast Africa)
and the genetically related A. m. iberica (Southern Spain).

In addition, the intergenic region of cytochrome oxidase subunits I and 11 (COI-
COll) of the Apis mellifera mitochondrial genome is also widely used as a simpler, but
less informative method for classifying mitotypes of bee subspecies, which is based on
the analysis of inertias/deletions in this region. At least 7 variants of the lengths of the
amplified fragments PoQ, PoQQ, PoQQQ, PQ, PQQ, PQQQ and Q are known, which
can be explained by a combination of 3 sequences: Po (67 bp), P (54 bp) and Q (192-196
bp). For their analysis, primers 5° CAKATTTATI'AAATCCATAT 3’ and 5’
ATAAATATAAATCATGTGGA 3’ are used, which flank the 3’- and 5’-terminal
sequences of the COIl and COII genes, respectively. The size of the amplified fragment
using the specified pair of primers is 350 bp for the case of the simplest combination Q
(A. m. sausasica and other southern subspecies of A. mellifera) and 600 bp for the case of
a more complex combination PQQ in A.m.mellifera. Mitotype classification is carried out
using agarose gel electrophoresis.

In addition to the mitochondrial genome, to confirm breed affiliation, analysis of
allelic polymorphism of microsatellite loci is used according to the recommendations of
the Food and Agriculture Organization of the United Nations (FAO) and the International
Foundation for Animal Genetics (ISAG). The use of a set of microsatellites allows you
to successfully determine the main genetic and population parameters of the study groups
and carry out breed differentiation, assess the level of inbreeding/outbreeding, the level
of population cross-breeding, etc. (Grygorchuk D.I. et al., 2020).

One of the promising areas of work using molecular genetic markers is the
possibility of a comprehensive assessment of the level of hybridization of bees (using the
types of molecular genetic markers listed above) to address the issue of their adaptive
abilities. As a result of all this, continuous hybridization leads to greater mortality and
corresponding economic costs.

Timely assessment of bee colonies using different types of molecular genetic
markers (primarily using microsatellites and analysis of mitochondrial genome
variability) allows you to determine with a high level of probability the level of genetic
variability and, accordingly, the degree of hybridization. All this allows you to effectively
control the selection process (Shaibi, 2008).

Regarding the study of the genetic foundations of the adaptive qualities of bees at
this stage of the development of molecular genetics, researchers' attention is focused on
finding a set of allelic variants of genes, the functioning of which is directly related to the
regulation of the adaptive properties of the organism. The ability to identify a molecular
genetic marker associated with an economically useful trait, in particular, hygienic
behavior, etc., provides the broadest prospects for the application of marker-associated
selection (MAS) methods in beekeeping. However, at this stage of genetics development,
there are no effective DNA tests for assessing the polymorphism of quantitative trait loci
(QTL), which significantly complicates the possibility of using MAS. In this direction
(search for potential QTL for the needs of MAS), a lot of work is being done to study the
expression features of various candidate genes (associated with any economically useful
trait); a search for single-nucleotide polymorphisms in the nuclear and mitochondrial
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genomes is being conducted; DNA markers are being searched / developed that could be
used in breeding programs (primarily in the areas of bee resistance), etc.

Today, uncontrolled hybridization of bees belonging to different races (breeds) of
Apis mellifera mellifera has reached an alarming pace in Ukraine. Preservation of the
gene pool of local (aboriginal) bees well adapted to local natural conditions is an urgent
area of scientific research, which cannot be solved without the use of molecular genetic
methods for monitoring local populations (Van der Zee, R. et al, 2009, Brodschneider,
2016, Cherevatov et al., 2019).

Correct identification of these subspecies is important for sustainable beekeeping
and the preservation of honey bee biodiversity, since the artificial movement of
subspecies/breeds between different regions leads to the loss of purity of the aboriginal
gene pool as a result of hybridization. Until recently, beekeeping used mainly morpho-
physiological criteria to assess the degree of genetic characteristics of subspecies
(purebredness): body color, length of the proboscis, features of wing venation, cubital
index, egg production of queens, etc. However, they vary greatly in hybridized colonies,
which significantly reduces the reliability and even makes it impossible to determine
breed affiliation using traditional morphometric analysis. Phylogeographic studies have
shown that variations in morphological features as a result of adaptation to local
conditions often complicate their correct identification.

In solving important issues of establishing the breed affiliation of bees, preserving
its unique gene pool within natural ranges, there is an urgent need to apply molecular
genetic methods (Magnus, 2014).

Preservation of the gene pool of local forms of Apis melliffera seems to be
particularly relevant for Ukraine due to the significant diversity of natural conditions and
the prevalence of several races (breeds) of the honey bee. During the last years of the late
20th and early 11th centuries, queens of different breeds were massively imported to
Ukraine from abroad, then a hybrid of several breeds began to be imported, in particular
Backfast. Uncontrolled crossing of different species led to the loss of useful traits by bees
and a decrease in their adaptability to the environmental conditions of the territory in
which this species is widespread. It also creates obstacles to the selection of bees and the
preservation of their purebredness. To prevent this, it is necessary to establish and monitor
the genetic structure of bee populations kept in Ukraine today.

Conclusions. The material presented above argues that each individual indicator
does not allow for a full assessment of the state of the population. Only by taking into
account the results of applying a set of indicators can one draw the right conclusions. The
prospects of using different types of molecular genetic markers for solving a number of
practical problems in selection and breeding work in Ukrainian beekeeping are
undeniable. Summarizing all of the above, we can conclude that the prospects of using
different types of molecular genetic markers for solving a number of practical problems
in selection and breeding work in Ukrainian beekeeping are undeniable.
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Two options for resource-saving technology of mechanized production of
compound feeds and PVMS with flexible connections were developed and implemented
in farm conditions with loaded backup of weighing batchers and mixers and with loaded
backup of mixers.

The studies have established that the dosing accuracy of 0.1 kg., the mixer shaft
revolutions have an impact on the mixing quality indicator, so at 30 rpm. mixing quality
Is 95.18%, and at 46 rpm. — 96.1% and 1 min of mixing. Based on a multifactor
experiment, polynomial linear and quadratic models were obtained for the mixing quality
of compound feed ingredients due to the factors: rotation speed, number of blades and
operating time with a mixer volume of 0.54 m3. The time spent on performing operations
for the production of compound feed was determined and two versions of the cycle
diagrams of the process of compound feed production of technological lines were
constructed: with loaded redundancy of weighing batchers and mixers and with loaded
redundancy of mixers.

The time of the initial cycle of the process of compound feed production of
technological lines was established:

- with the redundancy of weighing batchers and mixers, the time of the initial cycle
was 9.7 min. and the established cycle was 6.9 min.

- with the redundancy of mixers, the time of the initial cycle of the process of
compound feed production of technological lines with a capacity of 2 tons per hour was
9.7 min. and the established cycle was 5.9 min.

It was established that the productivity of technological lines for the production
of compound feed was:

- using technology with flexible connections and loaded redundancy of two
weighing batchers and two mixers - 1.974 t.

— using technology with flexible connections and a weighing dispenser, which
provides unloading of raw material components in two opposite directions and loaded
redundancy of two mixers — 2.307 t.

Keywords: technologies, compound feed, dosing, displacement, destruction,
components
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Ilposedeno po3pobxy ma peanizayito 080X 6apiaHmié pecypcozbdepicaiouoi
MexXHON02I MexaHi308aHo20 upodbHuymea Kombikopmie ma BBMJ] 3 enyuxkumu
38’A3KAMU 8 YMOBAX 20CNOOAPCMBA 3 HABAHMAINCEHUM pPe3ep8YSaAHHAM B8a208UX
003amopie i 3MiuLy8ayie ma 3 HABAHMAINCEHUM Pe3eP8YBAHHAM 3MilLy8ayis.

Jocniosxcenuamu ycmanogneno, wjo mounicmo 003yeanns 0,1 ke., obopomu eany
3MIULY8aAYA MAIOMb BNIUE HA NOKAZHUK AKOCMI 3Miutyeanus, mak npu 30 00/xe. axicms
smiwysanns — 95,18 %, a npu 46 06/x6. — 96,1 % ma 1 xé smiwysanns. Ha ochosi
bacamogakmopnozo excnepumenmy OmpumMaui NOJNIHOMHI JIHIIHA Ma KeaopamuiHa
MoOeni Onist SIKOCMI 3MIULYBAHHS [TH2PeOiEHmMi8 KOMOIKOpMI8 3a PAXYHOK (haxmopis:
weuoxocmi obepmanms, KiIbKOCMi JIoOnamox ma uacy pooomu 3 00’emom 3miulysaua
0,54 M°. Busnaueno eumpamu uacy Ha 6UKOHGHHS ONepayili no 6upobHUYMEY
Kombixopmie — ma nobyoosami 06a 6apiaHma YUKIOSpAM npoyecy UpOOHUYMSA
KOMOIKOpMI6 MEXHONOSITYHUX JUHIN: 3 HABAHMAICEHUM Pe3eP8YBAHHAM BA208UX
003amopie ma 3MiUy8ayie i 3 HABAHMANCEHUM Pe3epP8YBaAHHIM 3MIULYBAYIE.

Ycemanosneno uac nouamkosozo yukiy npoyecy upoOHUYmMEa KOMOIKOpMIe
MexXHOI02TYHUX TTHIU.

- 3 pe3ep8y8aHHAM 8A208UX 003AMOPIE Ma 3MIULYEAYIE YAC NOYAMKOBO20 YUKTLY
cknas 9,7 x8. a yuky, wjo ycmanosugcs — 6,9 xs.

- 3 pe3epeysanHAM 3MIULY8aUie 4ac no4amKko8020 YUKy npoyecy eupoOHUYmMea
KOMOIKOPMI6 MEeXHON02IYHUX IHINl RPOOYKMUBHICMIO 2 MOHU HA 200uHy ck1as 9,7 x6. a
yukay , o yemanosuscsi — 35,9 xa.

Yemanoeneno, wo npooykmugHicmbs mMexHONOIMHUX JiHIU  BUPOOHUYMEA
KOMOIKOpMI8 cKaana:

— NO MEeXHON02Il 3 CHYUKUMU 36 SA3KAMU MAa HAGAHMANCEHUM De3ep8ySaAHHIM
080X 6a208UX 003amopie ma 080x 3miutyeadie — 1,974 m.

— 1O MexXHON02ll 3 CHYUKUMU 38 S3KaMU ma 6a208UM 003amMoOpoM, KUl
3abe3neyyc GUBAHMANCEHHSA KOMNOHEHMI8 CUPOBUHU 8 080X NPOMULEHCHUX HANPAMKAX |
HABAHMAIICEHUM Pe3ep8YBaHHAM 080X 3miutysauie — 2,307 m.

Knrwuoei cnosa: mexnonocii, KomoOikopmu, 003V8aAHHA  ,3MiU)y8aAHMHS,
0ecmpyKyisi, KOMNOHEeHmu

Creating a comprehensively developed and highly profitable agro-industrial
production, including in animal husbandry, is possible only on the basis of accelerated
development of achievements of science and technology and is one of the conditions for
stable socio-economic development of the country. The main conceptual approaches of
the strategy for the development of modern feed production are the introduction of
science-intensive, innovative technologies for the use of feed, which will become the
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basis for the revival of competitive animal husbandry and guarantee the food security of
the state. Innovative feed production, and in particular compound feed, should ensure the
sustainable functioning of the agricultural sector. The provision of high-quality
compound feed largely determines the level of development and economy of this
direction, since in the cost structure of livestock production the cost of feed reaches 65-
75%. Therefore, the compound feed industry is an important link in the development of
the country's agro-industrial complex. The compound feed industry is characterized by
large-scale production and produces significant products that play a leading role in the
development of industrial livestock farming in Ukraine.

The most important factors of effective livestock farming and providing it with
high-quality feed are taking into account the peculiarities of the territorial distribution of
feed raw material production, the availability of resources, and the procurement of feed
using domestically produced protein-vitamin-mineral supplement (PVMS) and based on
new resource-saving technologies.

Only under such conditions will the implementation of the strategy make it
possible to create organizational and economic foundations for the effective, socially
directed development of the agricultural sector of the economy. Therefore, the
development of compound feed production is very relevant for the stable provision of the
industry with agricultural raw materials, and the population with high-quality and safe
domestic livestock products (Petrychenko V. et. al, 2022, Voronetska I. et. al, 2021,
Fihurska, L., 2024 et. al )

The feed industry in Ukraine requires significant attention, as this industry is one
of the main factors in the development of livestock and poultry farming.

In modern conditions, feed is produced at large specialized feed plants, regional
and district plants, and directly on farms. The production of compound feed, both at large
specialized compound feed plants, regional and district plants and directly on farms, is
associated with the use of processes: various types of destruction of raw materials
(Hulavskyi V. 2014, Yehorov B. 2019, Postnikova M., et. al., 2019, Soldatenko, L 2020
et. al., Aleksashin, A 2021, Rybalchenko V., et. al. 2023), dosing (Milko D. 2015, Buryma
M. A. et. al. 2017, Yehorov B. 2018 , 2019) and mixing (Yeremenko O. et. al.. 2015,
Yehorov B. 2019, 2019, Malakov O. et. al. 2019).

Manufacturers of large specialized feed mills declare the completeness of the
composition of feed and the maximum productive effect from their use, but it is not
always possible to obtain the declared level of quality from them. A study was conducted
on the effectiveness of using feed from different manufacturers in feeding hybrid pigs.
The effect of using pre-starter and starter feed from the manufacturers of TM
"TrauNutryshin Ukraine" and "Yedynstvo" in feeding hybrid piglets was studied.
(Chudak R. et al. 2017). Based on these studies, we conducted a multifactorial analysis
of the use of feed from these manufacturers. The results of the comparative analysis of
the use of pre-starter and starter feeds of different manufacturers in feeding hybrid piglets
by the complex efficiency index of each of the alternative options N(Ck) compared to the
idealized one allow us to note a significant advantage of using pre-starter and starter feeds
of manufacturers of TM "TrauNutryshin Ukraine" in feeding hybrid piglets, for which the
objective function according to the considered criteria is the smallest and is 0.02103,
while the objective function for "Yedynstvo" feeds is 5.5342 times worse. That is, feeds
manufactured by different powerful specialized feed mills differ in quality for the same
age groups of pigs. Improved nutrient absorption is necessary to increase productivity,
profitability and environmental protection. Incomplete digestion of nutrients reduces the
profitability of livestock farming due to limited consumption, reduced animal
productivity and increased production of by-products (organic waste), which leads to
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increased environmental pollution, in particular greenhouse gases (Novakovska V., 2023;
Zolotaryov, et. al., 2021, 2023).

Low-component compound feeds with guaranteed productive effect should be
prepared directly on farms from grain of own production and purchased balancing
additives. In this case, any one type of grain or grain mixture can be used. Production of
low-component compound feeds directly on farms makes it possible to:

- expand the availability of the use of high-quality compound feeds in animal
feeding and implement it according to scientifically based standards;

- significantly increase animal productivity and increase the volume of livestock
production;

- significantly reduce the cost of compound feeds by reducing transportation costs
and energy consumption;

- reduce losses of raw materials and finished products during transportation and
storage;

- reduce the cost of production by not including VAT on compound feed (since
compound feed is prepared for own consumption).

Research objective. To develop and test the technology of compound feed
production with loaded backup of weighing batchers and mixers and with loaded backup
of mixers under production conditions to determine the main technical and economic
indicators.

Materials and methods. The study was conducted on the basis of GSTU 46.007
- 2000 "Machines and equipment for feed preparation™; "DSTU 3218-95 Crushers Test
methods"; DSTU OIML R 61 - 1 : 2008 Discrete action weighing batchers.

The following parameters were determined: unit productivity, loading and
unloading time, grinding module, dosing accuracy, quality of mixing of compound feed
ingredients, operation time.

The mixer productivity ( W) was determined by the formula (1):

=M
W_t’ 1)

where M - mass of feed obtained after the mixer, kg; t- mixing time, h.

The experiment was repeated three times. The mixing duration was determined
by a stopwatch SOS-pr-26-2 TU 25.1819.0021.

The quality of mixing of compound feeds was determined by the distribution of
the control component in 15-20 samples, which were taken at equal intervals during the
unloading of the finished compound feed. The repetition of the experiment was three
times.

The weight of the selected samples for compound feed mixtures was 100 g each.

As a control component for compound feed mixtures, table salt was used (for
mixtures of crushed concentrated feeds).

The uniformity of mixing of components ( p ) in percent was determined by the
formula (2):

p =100-Va, (2)

Where V, — the coefficient of variation of the actual distribution of the control
component in the samples.

V, =

n _ 2
100 \/Zl=1(mn M) )

Mgy n—1
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Where m, is the value of the content of the key component in the samples; n is the
number of selected samples; may is the average value of the content of the key component
in the grain mixture samples.

In the case of deviation of the actual dose of the control component from 1%, the

indicator Va was multiplied by\/rTa , Where na is the actual and percentage content of the

control component in the mixture (obtained in experiments).

The revolutions of the mixer working shaft were determined using the "Time
tachometer" brand T410-R, GYU 2.780.001PS, TU 25-07-1051.79.

The problem of obtaining the dependences of the mixing quality by changing three
factors:

rotation speed (rpm);

number of blades;

operating time (min).

To solve this problem, experimental studies were conducted - mixing quality at
the following values of variable factors:

rotation speed: 30, 37 and 46 rpm;

number of blades: 0, 2 or 3;

operating time: from 1 to 6 minutes with a step of 1 minute.

In total, a full factorial experiment was conducted, containing 3x3x9=54 studies.

Based on the cycle diagrams of the feed production process on technological lines
and a lunch break and two technological breaks of 20 minutes each, the productivity of
the mechanized feed production technology was determined, taking into account the
dependencies (Chernyaev A.l.):

g, = {14— [60 _(TIC +TTB )]}'GPFI’ (4)

EC
where g1 - productivity of the feed production technological line in the first hour of
operation and technological breaks, kg/h; Tic - initial cycle time, min; Ttg -
technological break time, min; Tec - established cycle time, min; Gpr — weight of
the portion of feed ingredients prepared for mixing, kg.

60
d, :[T_EC]'GPFI’ (5)

where g2 — productivity of the feed production line at the established cycle, kg/h.

Multicriteria analysis was performed using the method of evaluating the integral
criterion of the distance to the target using the approach of collapsing all criteria to one N
using. For comparative assessment by a complex indicator based on the multicriteria
analysis method, the relative distance N(Ck) was found for each alternative solution from
the expression (Piskun V.1. et. al., 2020).

iuu”—iui?
N(Ck)z i=1 - i=1
2
i=1

where N(Ck) — the efficiency of each of the options under study compared to the idealized
one;

, (6)

uM;; — the normalized j-th indicator of the option under study;
uN;, — the normalized 0-th indicator of the idealized option;
n — the number of evaluated criteria.
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Research results. Two original variants of resource-saving technology for
mechanized production of compound feed and PVMS with flexible connections in farm
conditions have been developed and implemented.

The first variant includes the following main equipment: a grain loader, a crusher
hopper, a crusher, a conveyor, a distribution auger, a gate valve and feed ingredient
hoppers, each of which has unloading augers that ensure the unloading of raw material
components in two opposite directions, two mobile weighing batchers that are installed
with the ability to move along the feed hoppers, loading augers and mixers of compound
feed ingredients, unloading augers.

The second variant includes the following main equipment: a pneumatic grain
loader that has corrugated hoses at the inlet and outlet and a cyclone; a crusher hopper;
feed ingredient hoppers, each of which has unloading augers, a mobile weighing batcher,
which provides unloading of raw material components in two opposite directions, which
is installed with the possibility of moving along the consumable hoppers; loading augers
and mixers of feed ingredients for two or more weighing batchers, unloading augers. The
scheme of the resource-saving technology of mechanized production of feed and PVMS
in the conditions of the farm with loaded backup of mixers is presented in (Fig. 1).

7 3 2 -0

Fig. 1. Scheme of resource-saving technology of mechanized production of
compound feed and BVMD in farm conditions

Scheme of resource-saving technology of mechanized production of compound
feed and PVMS in farm conditions with loaded backup of compound feed and PVMS
production line functions as follows: the initial components of the pneumatic grain loader
1 through the input and output corrugated hose 1a, 1b and cyclone 1c are fed to the crusher
3, inwhich they are crushed, then using the elevator 4 and the distribution screw conveyor
5 the components are distributed to the corresponding bunkers 7, by overlapping the
valves 6. Components that do not require crushing, bypassing the crusher, go directly to
the storage bunker. Further, through the unloading screws from the component hoppers
9, according to the requirements of the recipe, the components are loaded one by one as
they move to the weighing batcher 10. Mineral components are also loaded to the
weighing batcher. The mass of finished components is fed to the mixer 17 through the
reverse unloading screw 11 of the weighing batcher and the loading screw 13. After
mixing, the compound feed is unloaded from the mixer 17 through the screw 19. When
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the weighing batcher 10 moves in reverse, again, according to the requirements of the
recipe, the components are loaded one by one to the weighing batcher 10 as it moves.
Mineral components are also loaded to the weighing batcher. The mass of finished
components is loaded into the mixer 15 through the reverse unloading screw 11 of the
weighing batcher 10 and the loading screw 14. Subsequently, the ingredients of the
compound feed are mixed in the mixer 15. The finished compound feed is unloaded from
the mixer 15 by the screw 20. Then the cycle is repeated.

The general view and fragment of the resource-saving technology of mechanized
production of compound feed with loaded backup of mixers with a capacity of 2 t/h are
presented in Fig. 2 and 3, respectively.

In this variant, one mobile weighing batcher is used, which provides unloading of
raw material components in two opposite directions, and is installed with the possibility
of moving along the consumable bunkers and mixers of compound feed ingredients, two

more than weighing batchers.
LTI |
B &7

g

—

ld - " —
"y A RTE

Fig. 2.General view of the resource-saving technology of mechanized production of

compound feed
1 - auger for loading compound feed ingredients to the weighing batcher; 2 - hopper of compound feed
ingredients; 3 - weighing batcher; 4 - auger for loading compound feed ingredients to mixer No. 1; 5 -
control panel No. 1; 6 - mixer No. 1; 7 - control panel No. 2; 8 — screw for loading feed ingredients into
mixer No. 2; 9 — unloading screw of mixer No. 2; 10 — mixer No. 2

The results of the study of the technological line show that grinding feed
ingredients on a “Kharkiv’yanka” type crusher on a sieve with mesh diameter of 3 mm
provides a grinding module: for grain mixture in the range from 2.6 to 2.9 mm., for meal
—1.6-1.8 mm, for corn — 2.3-2.4 mm.

The average value of the grinding module and bulk density of feed ingredients
when using a sieve with a diameter of 3 mm and 2.5 mm for grinding and the moisture
content of the ingredients are given in Table 1.

By studying the influence of the mixer shaft speed on the mixing quality index, it
was found that at 30 rpm. the mixing quality level is 95.18%, and at 46 rpm. — 96.1% and
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the mixing duration is 1 min. The conducted studies revealed the influence of the presence
of blades in the mixer on the mixing quality.

Table 1
Crusher performance indicators

Sievewith 3 mm mesh diameter | Sievewith 2,5 mm mesh diameter
_Type qf Grinding - Grinding -
ingredie Bulk Humidity, Bulk Humidity,
4 module, . module, .

nt in the mm density, g/l % mm density, g/l %
feedmill = T3 TV [VIwW[wld|d] VvV [VIW]W
Corn 2,45( 0,09 569,67| 1,86( 16,35 0,25| 1,48| 0,07| 591,0| 0,58| 16,68| 0,55
Grainmix | 2,63 0,15 536,33| 0,33[ 11,46| 0,49| 1,68| 0,07| 547,67 0,33| 14,05| 0,45

Fig. 3.Fragment of resource-saving technology of mechanized production of

compound feed
1 — weighing batcher hopper; 2 — screw for loading compound feed ingredients to the weighing batcher; 3
—compound feed ingredient hopper; 4 — elevator for loading crushed compound feed ingredients; 5 — screw
for loading compound feed ingredients to the mixer; 6 — control panel; 7 — mixer

It was established that when mixing feed ingredients for 1 min in the absence of
blades in the mixer, the mixing quality was 86.9 %, and with three blades - 96.1 %. The
productivity of the resource-saving feed production line is 2 tons per hour, the grinding
module of feed ingredients was 1.80-2.60 mm, the dosing accuracy of the weighing
batcher with strain gauges is 0.1 kg, the mixing quality is not lower than 95.0%.

Based on a full-factorial experiment containing 54 studies, by changing three
factors: rotation speed (rpm); number of blades; operating time (min), two models were
obtained — linear
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and quadratic

F:bn‘l‘blxl"‘bz-’:z"‘baxa (7)

v=Dbg4byx; +baxs+byxg+byxi+bsx:+bexi+ (8)

+bhoxy%a + bgxyxs + bgxaxg.

Calculations were performed in the MATLAB mathematical package using the
regress function, which allows you to find not only the model parameters themselves, but
also confidence intervals for them at a given level of confidence probability (and, if
necessary, you can also get other results: the minimum sum of squares of deviations L,
various statistics, etc.). We took the confidence probability p=95 %. The results of the
calculations were as follows. For the linear model, its coefficients are equal to:

by = 85.555191; b, = 2.819722;
b, =0.054014; by =-0.234127.

9)

Confidence intervals for them at the 95% confidence level:
84.454801 < b, < 86.655581; 2.680337 <= b, < 2.959107; (10)

0.027469 < b, < 0.080559; -0.335919<bh, =< —0.132335.

All factors turned out to be significant: the confidence interval for none of them
covers zero. For the linear model, the maximum value of the response function y is always
reached at the boundary of the region of permissible values. In our model,
y_max=96.2649, and this value is reached at x1=46 rpm; x2=3 blades; x3=1 min. The
response function level surfaces at a fixed value of the parameter x1 or X2 are shown in

Fig. 4.
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Fig 4. Level surfaces of the response function of the
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The results for the quadratic model are muchmoreinteresting. Its coefficients:
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b, =83.325577; b, = 0.208056;

b, = 0.076641; b, = —0.081052;

b, = 2.203267; b, = 0.000486; (12)
by = 0.986178; b, = —0.017381;

b, = 0.000490; by = 0.001054;

and the confidence intervalsatthe 95% confidencelevelareasfollows:

75545275 £ b, £ 91.105880; 0.041186 < b < 0.374925;

—-0.326294 < b, £ 0479576; —0.142986 < b, £=-0.019117;
1300683 < b, £ 3.105852; -0.018428 £ b, £ 0.019401; (12)
0.292309 £ b; < 1.680046;  —0.031194 < b, < —0.003568;

—0.004726 < b, £0.005705;  —0.071476 < b, < 0.073584.

Accordingtothis model, the factors x;, x7, ;% and x,x5 areinsignificant:
theconfidenceintervalsforthemcover zero. Atthesametime, the factor x,x5 issignificant.
The largestvalueoftheresponse function ¥,,., = 96.5483 inthismodelisachievedat X1 = 46
rpm; x;=3; but x; itisnolongerattheboundaryofitsrange of  variation,

butatanintermediatepoint: X3 = 1,2 min (withanaccuracy of 0.1 min).
The level surfacesoftheresponsefunction of the quadratic model at a

fixedvalueoftheparameter x; orare x, shownin Fig. 5.
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Based on the determination of the time spent on performing operations for the
production of compound feed, cycle diagrams were constructed, which are presented in

Fig. 6.
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b - redundancy of mixers;
1 - time of the initial cycle.

The performance of the unloading augers from the feed ingredient hoppers was

determined when loading the feed ingredients into the weigher hopper (Fig. 7). The
performance of the unloading augers was 5.0 £0.06 tons per hour.
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Fig. 7.Unloading of feed ingredients from the weighing batcher to the mixer

1 — mobile platform of the weighing batcher; 2 — platform of strain gauges; 3 — unloading screw of the
weighing batcher; 4 —hopper of the weighing batcher; 5 — hopper of feed ingredients; 6 — unloading screws
of feed ingredients; 7 — cabinet of start-up and protection equipment; 8 — loading screw; 9 — mixer; 10 —
feed unloading screw

It was established the productivity of the technology of mechanized feed
production per hour: according to the technology with flexible connections and loaded
redundancy of two weighing batchers and two mixers — 1.974 t/h; using technology with
flexible connections and a weighing dispenser, which provides unloading of raw material
components in two opposite directions and loaded backup of two mixers — 2.307 t/h.

Discussion. Increasing the efficiency of livestock farming at this stage is
practically impossible without ensuring reliable production of compound feed for each
livestock farm. The use of compound feed produced by powerful specialized compound
feed plants and inter-farm compound feed plants has not become widespread mainly due
to its high cost and significant transportation costs for transporting grain raw materials
and the finished product. The costs of purchasing factory compound feed are often not
repaid by the additional increase in livestock production. Therefore, considerable
attention is paid to organizing the production of compound feed directly on farms from
grain of their own production and purchased protein-vitamin-mineral supplements. This
direction allows to significantly reduce transport and overhead costs, to reduce feed
consumption in comparison with feeding an unbalanced ration of concentrates. In general,
the cost of such compound feeds is 15-30% lower than that produced by specialized
enterprises (Sorokin V. 2009).
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A well-known line for the production of PVMS and compound feeds almost
similar to the equipment we offer, but without loaded backup of mixers, has been tested.
According to the developers, its main technical characteristics are: productivity - 1.2 t/h,
total power of electric motors - 34.5 kW, dimensions (room): - 6x12x6 m, service
personnel - 2 - 4 people (Kosov M. 2020).

At the same time, the solution we proposed for the technology of mechanized
production of compound feed using flexible connections and a weighing batcher, which
provides unloading of raw material components in two opposite directions and loaded
redundancy of two mixers, has a productivity of 2.307 t/h. that is, practically 1.92 times
larger and dimensions (room): — 6x12x6 m. The disadvantage of the line without loaded
redundancy of mixers is also that it has a high specific material consumption per ton of
compound feed produced and at the same time it is possible to produce compound feed
of only one recipe, or only a protein-vitamin-mineral supplement.

Conclusions:

1. Two options for resource-saving technology for the production of compound
feed and PVMS with flexible connections in farm conditions with loaded redundancy of
weighing batchers and mixers and with loaded redundancy of mixers have been
developed and implemented.

2. Research into resource-saving technology of mechanized production of
compound feeds and PVMS in farm conditions showed that the dosing accuracy is 0.1
kg. It was established that the speed of the mixer shaft has an impact on the mixing quality
indicator, so at 30 rpm. mixing quality is 95.18 %, and at 46 rpm. — 96.1 % and 1 min of
mixing.

3. Based on a multifactor experiment, polynomial linear and quadratic models
were obtained for the quality of mixing of compound feed ingredients due to the factors:
rotation speed, number of blades and operating time with a mixer volume of 0.54 m3.

4. The time spent on performing operations for compound feed production was
determined and two versions of the cycle diagrams of the compound feed production
process of technological lines were constructed:

— with loaded backup of weighing dispensers and mixers,

— with loaded backup of mixers.

5. It was established the initial cycle time of the feed production process of
technological lines:

- with the backup of weighing dispensers and mixers, the initial cycle time was
9.7 min. and the established cycle time was 6.9 min.

- with the backup of mixers, the initial cycle time of the feed production process
of technological lines with a capacity of 2 tons per hour was 9.7 min. and the established
cycle time was 5.9 min.

6. It was established that the productivity of technological lines for the production
of feed was:

- using technology with flexible connections and loaded backup of two weighing
dispensers and two mixers - 1.974 t.

- using technology with flexible connections and a weighing dispenser that
provides unloading of raw material components in two opposite directions and loaded
backup of two mixers - 2.307 t.
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The study was conducted in the conditions of a nucleus herd of sheep Kharkiv
intrabreed type of the Prekos breed. By differentiating the population of ewes of two
generations (n=126 mother-daughter pairs) taking into account the deviations of
individual indicators from the average values production of wool and reproductive
coefficients, 4 groups were distinguished, each of which is characterized by a different
reaction in the organism-environment system: AA (increased in both signs), BB
(decreased) and their corresponding combinations - AB and BA. In total, in the maternal
and daughter generations of sheep, the proportion of animals in subgroups (AA + AB)
was approximately the same, and was 46.8% and 45.3%, respectively, which is evidence
of deviations close to the norm in the quality of genotypes, respectively - 3.5% and - 4.7%.
According to the indicator of the sum of values in subgroups (AA + BA), the pressure of
natural selection in the daughter generation is somewhat higher, compared to the
maternal one. The deviation from the norm is -9.5% and -17.5%, respectively. Taking
into account the peculiarities of the combination of the specified traits in animals of
individual groups, in general, the ontogenetic adaptability of the compared generations
to environmental conditions turned out to be the same, and was 1.032. This state of
adaptation in the generation of daughters was observed against the background of their
probable superiority at 12 months of age over mothers in production of wool by 9.4%
(p<0.001) and live weight, by 3.9% (p<0.05).

An improbable decrease in reproductive ability was noted against the background
of an increase in live weight and especially production of wool in the generation of
daughters. At the same time, the values of phenotypic correlations between live weight
and reproductive coefficients in the generation of mothers turned out to be significantly
lower than in their daughters and amounted to +0.009 and +0.156 (for the first three
years of breeding use) and +0.104 and +0.112 (for the entire life), respectively.
Production of wool, on the other hand, had negative correlations, which in the compared
generations decreased in the corresponding age periods from -0.163 and -0.149 (in
mothers) to -0.063 and -0.007 (in daughters). The values of the reproductive coefficients
in sheep of this population are characterized by a low level of heritability: 0.011 - for the
first three lambings, and 0.003 - for the entire life period of reproductive use of ewes.

It has been proven that new lines are characterized by higher adaptive capacity,
and their share in the genealogical structure of the herd is increasing.

Keywords: adaptability, sheep, reproductive capacity, correlations, production of
wool, combination of traits, heritability.
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CTAH OHTOT'EHETUYHOI AJJAITOBAHOCTI TA OCHOBHI
CEJEKIINHO-TEHETUYHI MOKA3HUKH MOITY JIALIT
OBEIIb
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Haniss KOCOBA, k. c.-T. H., ¢. H. ¢., https://orcid.org/0000-0001-7353-1994
Jlapica IOMITYVYH, =. c., https://orcid.org/0000-0001-5264-2898
Anna BE3SBECIJIBHA, naykoBuii criiBpoOiTHUK
Incruryr TBapunnunTea HAAH, XapkiBs, Ykpaina

Hocnioocenuss nposedeHo 6 yMo8ax HYKIEYCHO20 Cmaod 06eyb XAPKiBCbKO2O
BHYMPIUWHLO NOPOOHO20 MUNY NOpoou npekoc. Hughepenyiayicro noconie’s eigyemamox
080X noKoninb (=126 nap mamu+~00HbKa) 3 YPaxy8aHHAM GIOXULEHb IHOUBIOYAIbHUX
NOKA3HUKIB 8I0 cepeOHixX 3HaueHb HACmpu2ie ma Koepiyienmis penpooyKkmuerHocmi, 6yino
8UOINEHO 4 2pynu, KOJCHA 3 AKUX XAPAKMEPU3yEMuCs PI3HOI Peaxkyiclo 6 cucmemi
opeanizm — 0oexinns: AA (niosuwenutl 3a oboma oz3naxamu), BB (3uudicenuil) i 6ionogioui
ix xombinayii - A6 ma BA. Cymapno 6 mamepuncokomy ma OOUIPHbOMY NOKOJNIHHAX
ogeyb wacmka meaput 6 nioepynax (AA + AbB) 6yra npubauzHo 00HaAK080, ma cKadania
8i0nogiono 46,8% ma 45,3%, wo € ceiouenHaM OAULKUX 00 HOPMU 8IOXUNEHb 8 AKOCMI
2eHomunia, 8ionogiono - 3,5 % ma - 4,7 %. 3a nokasHukom cymu 3HaueHv y nio2pynax
(AA+BA) muck npupoonbo2o 0060py 6 00UIPHLOMY NOKOIHHI € 0ewo 8ULUM, NOPIGHAHO
3 MamepuHcoKum. Bioxunenns 6i0 Hopmu 6ionosiono cmarnoeums -9,5 % ma -17,5 %. 3
VPaxy8auHaAM 0cooaueocmell NOEOHAHHA 3A3HAYEHUX O3HAK Y MBAPUH OKDEeMUX pYN, 8
YIIOMY OHMO2eHemUyHa adanmosaHicms NOPI6HIOBAHUX NOKOAIHb 00 YMO8 OO0BKILIA
sussunaca oonaxkoeorw, ma ckiaia 1,032. Taxuti cman aoanmo8anocmi y NOKOJIHHI
O0OHBLOK cnocmepieascss Ha mii 8ipo2ioOHoi ix nepesaeu y 12-micaunomy 6iyi Hao
mamepamu 3a Hacmpuzom 6o6nu, Ha 9,4 % (p<0,001) ma sxcusor macoro, na 3,9 %
(p<0,05 ).

Biosnaueno negipocione snudicenns 6i0meopHoi 30amHocmi Ha mii 30i1bUeHHs
HCUBOT Macu ma 0coOIUB0 HACMPUSY BOBHU 8 NOKOAIHHI 00HbOK. [lpu yvomy eeruyunu
Gheromunosux Kopenayiti Mid HCUsoio Macoro ma KoegiyicHmamu penpooyKmueHocmi y
NOKOJIIHHI Mamepia 8UA8UIUCS 3HAYHO HUNCUUMU, HIJIC Y iX OOHbOK ma CKAAIU 8i0N08i0HO
+0,009 ma +0,156 (3a mpu nepwii poku nieminHo2o eukopucmanns) ma +0,104 i +0,112
(3a yce owcumms). Hacmpueu oc 606HU, Hanpomu manu 6i0 €MHI Kopenayii, AKi 6
NOPIBHIOBAHUX NOKONIHHAX 3MEHULYBANUCS Y IONOBIOHI 6iK06I nepiodu 6i0 — (0,163 ma —
0,149 (y mamepig) oo — 0,063 ma — 0,007 (v 0oHbok). Benuuunu roeghiyicnmie
PenpoOyKmueHoOCmi y 068eyb Yiei nonyaiayii xapakmepuzylomsCcsi HU3bKUM DIGHeM
yenaokosysanocmi: 0,011 - 3a nepwi mpu saeninus, ma 0,003 - 3a no scummeagutl nepioo
DPENnpoOYKMUBHO20 BUKOPUCMAHHSL 8I8YEMAMOK.

Jlosederno, wo HO8I NiHIT 8I03HAYAIOMbCS BUWOIO AOANMAYIUHOIO 30AMHICMIO, d
ix yacmka 8 eeHeano2iuHil CMpyKmypi cmaoa 3pOCcmac.

Kniouosi cnosa: aoanmosanicme, 6i8yi, 6i0mMEOpHA 30amHicmb, Kopensayii,
Hacmpue 8068HU, NOEOHAHHS O3HAK, YCNAOKOBYB8AHICTb.

Introduction. Changes in the breed composition of the modern sheep population
in Ukraine indicate increased competition between imported and domestic breeds of
specialized meat production over local breeds of combined meat-wool and wool-meat
production. This is evidenced by the creation of a new Dnieper meat breed in Ukraine
and the intensive spread of breeding sheep of imported breeds - Merinolandshaf, Texel,
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Dorper, Charolais and others, which have a high conversion of feed into meat products
and are characterized by high reproductive capacity. The indisputable advantage of
domestic sheep breeds remains their high adaptability to various environmental
conditions. The latter are experiencing significant deterioration due to increased
temperature and decreased precipitation, and the associated deterioration of sheep feeding
conditions during the grazing period. An example of this is the current 2024, an extremely
dry year, with long periods of extreme temperature increases in the summer. In such
conditions, domestic sheep breeds are able to compete with imported ones by directing
the breeding process to successfully combine their inherent adaptability with a higher
level of productivity.

In this regard, Werf J., Graser H.-U., Frankham R. (2009) note that adaptability is
a fundamental characteristic of plant and animal genetic resources, which allows them to
survive in their usual environment and adapt to changing conditions. Numerous breeding
programs for farm animals are aimed at increasing productivity, but this is often
accompanied by a decrease in their adaptability. Therefore, the use of more productive
genetic resources is opposed by the question of whether they are adapted to local
production systems.

Therefore, animal adaptation requires reaching certain compromises when
developing and implementing breeding programs and selecting breeds for breeding in
certain environmental conditions (Gaughan, J. B., Sejian, V., Mader, T. L.,
Dunshea, F. R., 2019).

This is also emphasized by the results of the studies of Sila W., Gachuiri C.K. et
al. (2021). Summarizing the experience of five years of breeding of Red Masai sheep in
the arid region of Kenya after their introduction, they note that in order to ensure a stable
long-term increase in their productivity, it is necessary to apply breeding programs that
cover large arrays of animals and compare the results of their breeding with indicators of
productivity and adaptability in reference herds.

The need to take into account in breeding work a complex of such traits as
reproductive ability and productivity of sheep throughout their lives is also emphasized
in their studies by Kizilaslan M., Arzik Y., Behrem S. (2024). They consider this to be
the key factors for the formation of the stability and profitability of the sheep breeding
industry.

So, in modern conditions, an important theoretical and applied task for breeders
is to study the patterns of the breed formation process, analyze changes in adaptability
and genetic structure of populations under the influence of various breeding methods,
assess the combinatorial ability of breeds, types and lines. Artificial populations, which
are sheep herds, are complex biological systems, the development of which is aimed
primarily at ensuring the required level of production of products of a certain quality. In
this regard, assessing the state of such populations and developing methods for managing
them should take into account a set of indicators such as: productivity dynamics,
magnitude and forms of variability and inheritance of quantitative traits, animal
adaptability, as well as the level of financial and energy costs for product production, etc.

As one of the forms of controlling selection changes in the population Kovalenko
V.P., Nezhlukchenko T.I., Nezhlukchenko N.V. (2012) use the establishment of an
adaptive norm of quantitative traits of typological groups of animals with different
parameters and ontogenetic variability in certain technological conditions of maintenance
and at different levels of their feeding. In this case, the division of animals into classes
(M- - minus, Mo - modal, M+ - plus) is used according to the most important selection
quantitatively measured traits, exterior or linear parameters. Depending on the conditions
of the "environment”, the adaptability indicators of the selected classes may correspond
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to one of the following three levels: optimal, suboptimal, or superoptimal. Adaptability
at the optimal level is noted if the viability and reproductive qualities of animals are
manifested against the background of their highest productivity.

For dairy cattle herds Polkovnikova O.P. (1992) proposed and modified by
Pidpala T.V. (2022) a method of monitoring the state of their adaptation, which consists
in determining the group structure of animals in terms of the combination of their
deviations from the optimum in terms of milk yield and reproductive ability in adjacent
generations.

Such a methodological approach allows us to assess, on the one hand, the impact
of selection for milk productivity, and on the other hand, the pressure of natural selection
on controlled livestock populations. That is, for the assessment, signs that are negatively
correlated with each other are used - the average lactation expectancy of cows and the
coefficient of their reproductive ability. The presence of such a connection is emphasized
in their studies by Fedorovych V. V., Fedorovych E. I., Mazur N. P., Dyachenko O. B.
(2019). In addition, according to Gorelik O. V., Gorelik A.S., Galushina P.S. et al. (2021),
the impact of increasing milk productivity by more than 10 thousand kg of milk per cow
per year on reducing their reproductive ability increases.

Regarding the sheep breeding industry, especially for sheep of the combined
direction of productivity, the leading breeding traits are the shearing of wool and the live
weight of animals. The indicators of the reproductive ability of sheep, which ultimately
determine the level of selection intensity in herds and affect the possible volumes of
mutton production, are to some extent competitive in terms of directing the nutrients of
feed to the formation of products, especially wool. This is convincingly traced from the
fact that almost all breeds of sheep that produce a large amount of fine wool have a
multiplicity of only from 110 to 130 lambs per 100 ewes. High multiplicity, from 180 to
220 or more lambs, is inherent in breeds of sheep mainly with a low level of wool
productivity - fur, meat, dairy directions. This is more clearly seen in the example of meat
merinos and multi-fetal merinos of the "burula™ type, which are significantly inferior in
shearing to Australian merinos of all wool types. Kennedy J.P. (1967), studying the
genetic and phenotypic relationships between fertility and wool production in two-year-
old ewes of the Australian Merino breed of the "peppin"” type, emphasized that shearing
of unwashed wool and the number of lambs born and weaned from ewes had highly
probable in value and negative in direction phenotypic correlations. Genetic correlations
also had significant negative indicators and were characterized by significant standard
errors.

Therefore, for a long time, research and development of breeding methods have
been carried out that would ensure an increase in wool productivity and at the same time
improve the reproductive ability of sheep. Now classic studies by Young, S. S. Y. and
Turner H. N. (1965) show that the coefficient of heritability of multiparity in ewes of the
Australian Merino breed after the first lambing is low and is 0.03, and after the second
lambing it increases to 0.35. Among the factors that influence the degree of intrabreed
variability of this trait are the age of the ewes, the level and quality of feeding, the
insemination season, and the combination of climatic conditions. Despite the low level of
inheritance and the influence of phenotypic factors on the degree of variability of this
trait, these researchers nevertheless proposed effective breeding techniques that ensured
an increase not only in wool productivity, but also in sheep fertility.

Ramos Z., Blair H.T., Barbieri I. et al. (2021) also report on the possibilities of
the above-mentioned transformation in nucleus herds of fine-wool sheep in Uruguay,
provided that long-term breeding work is carried out. Over a period of more than 20 years,
breeders have managed to increase the shearing of washed wool, live weight, and
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maintain a high level of reproductive ability of sheep by working to reduce the thickness
of the wool. This has become the basis for increasing the economic efficiency of sheep
production in general.

Thus, indicators of the reproductive ability of farm animals are indicators not only
of the adaptability of populations to environmental conditions, but can also affect the
overall efficiency of production. Therefore, constant attention is required to determine
the level of animal adaptability in connection with the intensification of selection for a
number of other productivity traits that are significant for general production. Given the
relevance of the problem under consideration for the livestock industry over a long period
of time and the need for its further solution, the purpose of this work was determined by
us - to study the correlations between the indicators of reproductive ability and
productivity of sheep, indicators of their heritability and to establish the state of
adaptability of the sheep population and its individual structural elements under the
influence of selection measures.

Materials and methods of research. The study was conducted on ewes of the
Kharkiv intrabreed type of the Prekos breed in the experimental base of the Institute - the
breeding plant, the state enterprise experimental farm "Hontarivka". The analysis
involved the results of the assessment of 126 pairs of ewes, which represent a related
chain of "mother-daughter”. Wool productivity was estimated according to generally
accepted methodological techniques (Ibatullin L.1. et al., 2017). In this case, shearings, as
well as wool coefficients, were determined. The indicators were taken into account in the
year of age. The live weight of sheep at weaning and at 12 months and older was taken
into account according to the results of weighing animals with an accuracy of 0.5 kg, and
the average daily gains (g/day) of live weight in lambs were determined by the calculation
method based on the data of live weight accounting and the growth period.

The signs characterizing the reproduction indicators of ewes were estimated by
the reproductive coefficients, defined as the ratio of the number of live and stillborn lambs
to the number of reproductive years of each ewe. The contribution of ewes belonging to
each of the factory lines to the progress of the population was determined by the ratio of
the number of daughters selected for breeding use to their total number obtained at birth.

Adaptation to environmental conditions of two adjacent generations was assessed
according to the methods of Polkovnikova O. P. (1992), Pidpala T. V. (2022), modified
by us to the conditions of sheep breeding. On generations of related ewes, which form a
mother-daughter chain, the average production of wool and animal reproductive
coefficients were taken into account. At the same time, two levels of their phenotypic
manifestation were distinguished, namely: increased (A) and decreased (B) - deviations
from the average values, as well as the corresponding combinations of values: (A-A) -
increased, or (B-B) - decreased level for both signs and the corresponding combinations
of (A-B) and (B-A) options.

For each generation, the group structure (%) was determined; indicators of
ontogenetic adaptation (F) and the values and directions of its change.

The level of adaptation of the generation to the environment was estimated by the
coefficient, which takes into account the ratio of the sums of group components (A-A) +
(A-B) and (A-A) + (B-A). The relative advantage of animals of the first half-sum of
components was considered as a deviation from the optimum in the quality of genotypes,
and the second - as an increase in the pressure of natural selection on the herd.

To determine the level of adaptation of sheep of individual lines, the formula
modified for the conditions of an artificial population, which is a flock with selection
regulated by the breeder, was used:
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F=BxP 1)

where F is the level of adaptation;

B is the % of selected for further th reproduction of the herd of female livestock;

P — the reproductive coefficient of one sexually mature individual.

The average values of the studied traits, their errors and the values of the
correlation and inheritance coefficients were determined by biometrics methods using the
MS Exel lost environment (Baranovsky D. I. et al., 2017)

Results of the studies. Changes in productivity under the influence of
environmental conditions and selection were determined on two generations of ewes of
the Prekos breed, which represent a related chain mother + daughter. The type of birth of
animals (from singletons or as part of a multiple litter), live weight indicators, shearing at
one year of age, wool coefficients and reproductive coefficients were taken into account.

The studies established that among ewes of the maternal generation, the
proportion of animals that came from twins was 21%, while among their daughters the
similar indicator was 25%. Despite the mentioned minor differences in the type of birth,
qualitative changes occurred in the daughter generation regarding the increase in live
weight and wool productivity against the background of a decrease in reproductive
ability. Thus, the live weight in the daughter generation increased by 3.9% compared to
the indicators of their mothers (p<0.05). Since wool shearing has a positive correlation
with live weight, in this case, a significant increase in wool productivity in the daughter
generation can be considered as a consequence of selection for both of these
characteristics (Table 1).

Table 1
Characteristics of two generations of ewes according to the main indicators of
productivity and reproduction (n — 126 heads in each generation)

Gene Live weight Production of | Wool coefficient Reproduction
ratio wool coefficient
n M=+m, Cv, M=+m, Cv, M=+m, o Cv,
kg % kg % a/kg Cv,% | Mim %
M 44,0 3,72 85,2 1,127
w061 | 7] 2008 | 2| sige | 24| 0033 | B
D 45,7 4,07 90,1 1,094
+0,52 12,7 +0,07 19.9 +1,84 22,9 +0,031 353
+-%| +3,9° - +9,4! +5,8 - -2,9 -

Note 1. M — mothers; D — daughters; +/- — ratio of D to M indicators.
Note 2. - p<0,001; 3- p<0,05.

The daughter generation significantly (p<0.001) exceeds their mothers in terms of
wool shearing at one year of age, but is inferior to them in terms of the reproductive
coefficient, which is calculated by the ratio of the number of lambs obtained from them
on average for the entire period of breeding use. That is, an improbable decrease in
reproductive ability is observed against the background of an increase in live weight and
especially wool shearing in the daughter generation. At the same time, the correlation
coefficients between live weight and reproductive coefficients in the mother generation
turned out to be significantly lower than in their daughters and amounted to +0.009 and
+0.156 (for the first three years of breeding use) and +0.104 and +0.112 (for the entire
life), respectively. Production of wool, on the other hand, had negative correlations,
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which in the compared generations decreased in the corresponding age periods from -
0.163 and - 0.149 (in mothers) to - 0.063 and - 0.007 (in daughters).

Given the indicated correlations between the traits and the role of the reproductive
ability of females in the formation of the population's adaptability to environmental
conditions, in order to quantitatively assess the state of ontogenetic adaptation in
generations of ewes and the magnitude and directions of its change, the animal population
of both generations was differentiated, taking into account the deviations of individual
indicators from the average values of shearing and reproductive coefficients (Table 2). In
this case, 4 groups were distinguished, each of which is characterized by a different
reaction of animals in the organism-environment system.

Table 2
Ratio of animals by combination of shearing and reproductive rate
Genera all AA AB BA BB
tion heads n % n % n % n %
M 126 27 21,4 32 25,4 24 19,1 43 34,1
D 126 13 10,3 | 44 | 350 | 28 | 2272 41 32,5

It was found that in total in the maternal and daughter generations of sheep the
proportion of animals in subgroups (AA + AB) was approximately the same, and was
46.8% and 45.3%, respectively, which is evidence of deviations close to the norm in the
quality of genotypes, respectively - 3.5% and - 4.7% (Table 3).

Table 3
Characteristics of two generations of sheep by shearing wool and reproductive
performance in the distribution groups

Subgroup by Maternal Daughter
Performance indicators | Group trait M+m M+m
development
Production of wool, kg A 4,56+0,13 4,77+0,16
Reproductive rate | A 1,493+0,04 1,469+0,07
Production of wool, kg A 4,48+0,13 4,71+0,10
Reproductive rate I B 0,895+0,04 0,880+0,03
Production of wool, kg B 3,05+0,10 3,48+0,092
Reproductive rate Il A 1,513+0,05 1,463+0,04
Production of wool, kg B 3,00:£0,07 3,55+0,07*
Reproductive rate v B 0,862+0,03 0,805+0,04

Note !-p<0,001; ?- p<0,01.

The increase in production of wool in sheep of the daughter generation occurred
mainly due to the increase in the proportion of animals that combined high shearing with
a non-significant decrease in reproductive ability. This is especially noticeable in ewes of
groups 111 and IV. Judging by the sum of the values in the subgroups (AA + BA), the
pressure of natural selection in the daughter generation is somewhat higher compared to
the maternal one. The deviation from the norm is -9.5% and -17.5%, respectively.

At the same time, the level of productivity and reproduction of animals in
individual groups determined a different indicator of their adaptability (Table 4).
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Table 4

Characteristics of two generations of sheep by state of relation (%0) to
the optimum of wool shearing and reproduction indicators and adaptability
in the distribution groups

Performance indicators Subgroup Generation
Group | by trait maternal | daughter
development
Wool sheared, kg A 122,6 117,2
Reproductive coefficient I A 132,4 139,6
Group adaptability coefficient - 1,08 1,19
Wool sheared, kg A 120,4 1158
Reproductive coefficient ] B 78,6 84,2
Group adaptability coefficient - 0,65 0,73
Wool sheared, kg B 82,0 85,38
Reproductive coefficient i A 134,2 140,0
Group adaptability coefficient - 1,63 1,64
Wool sheared, kg B 80,6 87,0
Reproductive coefficient v B 76,5 77,0
Group adaptability coefficient - 0,95 0,89

In general, animals of both generations of group Il were characterized by reduced
adaptability, in which, against the background of higher by 16-20% against the average
level of shearing, there was a decrease in reproductive coefficients by 15-20%. At the
same time, the deviation from the norm was higher in the maternal generation.

The best adaptability was also noted for the generation of daughters in group AA
and slightly worse only in group BB.

Taking into account the above differences between individual groups, in general,
the degree of adaptation of the compared generations of sheep to environmental
conditions turned out to be the same and amounted to 1.032 (Table 5).

Table 5
Assessment of the adaptability of sheep of the compared generations
Group maternal daughter
(combin | structure, structure, % structure,| adaptation coefficient
ation of % . % .
traits) groups | generation groups | generation
AA(D) 21,4 1,08 0,231 10,3 1,19 0,123
AB(II) 25,4 0,65 0,166 35,0 0,73 0,256
I11(BA) 19,1 1,63 0,311 22,2 1,64 0,364
IV(BB) 34,1 0,95 0,324 32,5 0,89 0,289
1,032 1,032

That is, the increase in shearing did not cause a violation of the ontogenetic
adaptability of the daughter generation sheep.

The studies also assessed the magnitude of the correlations between the main
indicators of productivity and reproductive ability in ewes of the compared generations
(Table 6)
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Table 6
The magnitude of the correlations between the signs of productivity and
reproductive ability in related ewes of two generations

Values of r=mr in ewes of two
Pairs of traits generations
mother | daughters
Average daily gain from birth to 90
days of age
- Number_of Iambs_ per ewes for the 0,043+0,089 0,090-£0,090
entire breeding period
- Reproductive rate for the entire -0,11240,088 -0,061:0,090
breeding period
Live weight at 12 months
Number of lambs per ewes for the entire -0,114+0,088 -0,.132+0,088
breeding period
- Reproductlvg rate fc_)r the entire 0,10440,088 0,1120,088
breeding period
Shearing of wool
- Number_of Iambs_ per ewes for the -0,226+0,0852 0,410+0,074°
entire breeding period
- Reproductive rate for the entire -0,14940,087 -0,070+0,089
breeding period
Wool coefficient
- Number_of Iambs_ per ewes for the -0,148+0,087 0,43240,073°
entire breeding period
- - Reproductive rate for the entire -0,24240,0857 -0,0680,090
breeding period

Note: - p<0,001; - p<0,01.

It was found that in both generations, the growth rate of ewes from birth to 90
days of age (weaning), as well as live weight at the age of 12 months, do not have a
reliable correlation with the number of lambs and their reproductive coefficients for the
entire period of breeding use. At the same time, the shearing of wool and the wool
coefficient associated with it and live weight in ewes of the maternal generation have a
negative reliable (p<0.01) relationship with the number of lambs and fertility,
respectively. In animals of the daughter generation, on the contrary, both indicators of
wool productivity with the number of lambs had a highly reliable positive relationship.
And with the reproductive coefficient, although the relationship remained negative, its
value significantly decreased compared to mothers, and amounted to -0.070 and -0.068,
respectively.

According to the results of the regression analysis we performed, it was found that
the total number of lambs that can be obtained from ewes of the daughter generation
depends on the value of this indicator in their mothers by 34.5% (p<0.001). The total
number of reproductive years in mothers also affects the similar indicator in their
daughters by 41.3% (p<0.001). At the same time, the dependences between the values of
the reproductive coefficients in mothers and their daughters turned out to be low (2 x
=0.011, for the first three lambings, and 0.003 - for the entire period of reproductive use).
The relatively higher coefficient of inheritance of the indicator of the number of lambs
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obtained from ewes for the first 3 years of their breeding use (0.016) indicates the priority
of its use in breeding work with this population of sheep.

A feature of the breeding work in the breeding plant (nucleus) is the use of linear
breeding. Therefore, the general picture of its adaptability is formed by animals of
individual lines. The degree of adaptability of ewes belonging to the existing line
9e89/108 and the new lines 1579/1625 and 4464/4487 was determined based on the
results of their lambing in 2021 and the indicators of further selection and natural loss of
ewes obtained from them. It was established (Table 7) that 101 ewes were obtained from
ewes belonging to the line 1579/1625, with intra-line selection to rams of the same line.

Table 7
Level of selection of ewes of different lines
Lineage of Total Including From the total number of ewes
ewes . Iﬁmzs, rams ewes left for reproduction
receive eads heads %
1579/1625 184 83 101 54 53,5
4464/4487 354 177 177 90 50,8
9¢89/108 110 55 55 27 49,1
- 648 315 333 171 51,4

Of these, after sorting for sale at 90 days of age according to growth rate, type of
birth, correspondence to the type of herd and line, as well as due to natural attrition from
birth to one year of age, 53.5% of the total number of offspring remained for further
reproduction. Similar indicators in line 4464/4487 were 177 and 50.8%, respectively. The
share of the herd selected for further reproduction in both new lines was higher compared
to animals of the line 9e89/108, which has existed for 25 years, by 4.4 and 1.7 absolute
percent, respectively. The average fertility of ewes of the same lines was also taken into
account (Table 8). The average yield of lambs per lambing of a sexually mature female
(reproductive coefficient) was the highest in line 1579/1625. Their advantage over ewes
of other lines was 5.8% and 9.4%, respectively.

Table 8
Fertility of ewes of different lines

Lineage |Total lambs| Number of Offspring produced per 1 ewe, head.
produced, |sexually mature on by lambs
head. ewes, head. average | 1.3 | 4-6 | 7 and more
1579/1625 184 144 1,28 1,23 | 1,46 1,08
4464/4487 354 294 1,21 1,21 | 1,31 1,17
9¢89/108 110 94 1,17 131 | 1,12 0,92

Taking into account that the potential for multiple births in sheep is revealed when
they reach 4-6 years of age, the indicated advantage of animals of this age of a given line
increases by 11.5% and 30.4%, respectively. For animals of the existing line, the peak of
multiple births appears from the first to the third lambing, while in new lines it noticeably
shifts to 4-6 years of age of animals. At the same time, relatively greater multiple births
are maintained in them even at an older age. Taking into account the values of the
percentage of herd repair and multiple births of ewes, the adaptability of animals of the

149



f
gj Scientific and Technical Bulletin of Livestock farming institute of NAAS, 2024, Is. 132

evaluated lines was calculated. Having the corresponding adaptability coefficient of
0.684, ewes of line 1579/1625 exceeded animals of line 4464/4487 by 11.6% (absolute
indicator 0.613) and line 9e89/108 by 19.2% (versus 0.574). This indicates that new lines
are more competitive and their share in the genealogical structure of the herd is growing.

Discussion. Most of the existing publications cited in the introductory part of this
article indicate that the indicators of the reproductive ability of sheep directly, and taking
into account their complex interaction with other breeding traits, affect the efficiency of
sheep production.

Regarding the indicators of the live weight of sheep, most publications show a
positive relationship with the signs of reproductive ability. At the same time, a number of
researchers (Ferguson M. B., Thompson A. N., Gordon D. J. et al., 2011; Slavova P.,
Laleva S., Popova Y., 2015) emphasize that only the influence of live weight and their
fatness before insemination and during the reproductive cycle is significant on the
reproductive ability of ewes. At the same time, the optimal live weight of ewes is
considered to be the one that corresponds to the average value of this trait for the breed,
and fatness is at the level of 2.5 to 3.5 points.

Michels H., Decuypere E., Onagbesan O. (2000), also noting the positive
relationship between live weight in sheep with such an indicator as ovulation frequency,
once point out its absence with the level of animal fatness, due to the state of interaction
of the genotype with the environment. They also did not find any connection between the
live weight of ewes and prenatal mortality of lambs among the breeds and lines they
compared.

The features of the interaction in the genotype-environment system regarding
changes in live weight under the influence of acute feed stress were revealed by Amiri S.,
Puillet L., Huau C. et al. (2023). The results of their study indicate that the stress response
they established can be used as a criterion for assessing the lifespan of goats, the nature
of lactation and the combination of milk productivity and reproductive ability. According
to their data, longer-lived dairy goats better maintain the stability of live weight under
stress, have a more even lactation curve and better milk quality, while their stress-
sensitive peers are better adapted to the redistribution of feed nutrients to ensure such
physiological functions as pregnancy and rapid achievement of the peak of lactation
against the background of a sharp decrease in live weight in the first half of it. As a result,
the duration of use of such animals is significantly shorter.

Research Ramos Z., Garrick D. J., Blair H. T. et al. (2023) prove that the thickness
of the wool has no definite connection, while the indicators of live weight and the area of
the muscle "eye" in one-year-old sheep are positively moderately or strongly correlated
with most indicators of reproductive ability in already adult animals.

One of the important indicators that determines the live weight of adult sheep is
the average daily gain during the first 12 months of their life. Ben Salem M., Rekik M.,
Ben Hamouda N. et al. (2009) conducted an experiment to determine the effect of changes
in the live weight of young sheep during 200 days after weaning from their mothers on
their subsequent reproductive ability. They found that in young sheep of the Barbary
breed with superfine merino wool in desert conditions, due to a decrease in live weight
after weaning, there is a significant delay in the onset of sexual maturity at the age of 13
months. However, due to the high phenotypic plasticity of sheep of this breed, improving
the level of animal feeding allowed at the age of 18 months to obtain a lamb yield of about
80% regardless of the degree of previous loss of live weight.

The studies of Duman M., Sekeroglu A., Aksoy Y. (2024) on the contrary prove
that the reduced growth intensity of sheep of the Akaraman breed under the influence of
environmental factors is one of the reasons not only for the decrease in live weight and
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survival of lambs, but also for some deterioration in the subsequent reproductive qualities
of adult sheep.

Significant variability from -0.36 to +0.11. correlations between maternal additive
effects on live weight of lambs and direct additive effects on reproductive traits of sheep
are noted in their studies by Walkom S. F., Brien F. D., Hebart M. L. et al. (2015).

The results of our research indicate that the average daily growth rates of ewes
during their growth period from birth to 90 days of age do not have significant phenotypic
correlations with the number of future lambs, and with the reproductive coefficients of
ewes for the entire period of their breeding use.

Judging by the presence of negative correlations, larger at the age of 12 months
are subsequently characterized by a shorter period of reproductive use. However, at the
same time, the average multiplicity tends to increase, especially in the generation of
daughters. As evidenced by the corresponding correlation coefficient +0.112, versus
+0.104 in mothers. So, in general, the correlation dependence we found between the live
weight of sheep and their reproductive qualities is consistent with most of the above
publications. However, in our studies, its level has the character of a trend that persists in
the compared generations, which may be a feature of the Prekos sheep breed of combined
meat-wool direction of productivity. With an increase in the average level of the trait in
the generation of daughters, the level of correlation of this trait with the coefficient of
reproduction of animals throughout life increases somewhat.

Unlike live weight, the relationship between wool shearing and the associated
wool coefficient was found to be closer in both generations of ewes. In ewes of the
maternal generation, it had a negative probable (p<0.01) character with both the number
of lambs and the reproductive coefficient. In animals of the daughter generation, on the
contrary, a highly probable positive relationship was established between both pairs of
traits, which is a consequence of directional selection. At the same time, a significant
increase in wool shearing with a moderate increase in live weight in the daughter
generation did not significantly affect the wool coefficient indicator. This is evidence of
the preservation in the compared generations of the type characteristic of sheep of the
combined meat-wool direction.

The presence of an average level of negative correlation between wool shearing
and the number of lambs born is indicated in their work by Ramos Z., Garrick D. J.,
Blair H. T. et al. (2023). However, the researchers note that despite this complexity, it is
still possible to simultaneously carry out selection to improve wool shearing and the
reproductive ability of sheep. They consider the use of appropriately developed indices
for the assessment and selection of animals that successfully combine these traits as a
means of implementation. The complexity of selection even for the main indicator, which
is associated with the adaptive ability of animals - with fertility, is due to its low level of
heritability. According to Mokhtari M.S., Rashidi A., Esmailizadeh A.K. (2010) the
number of lambs at birth and at weaning in Kermani ewes has low heritability indices,
respectively 0.01 and 0.03 and repeatability 0.08 and 0.10.

Also, the heritability coefficients of fertility of meat sheep of Texel, Shropshire,
Oxford Down and Suffolk breeds varied only in the range from 0.04 to 0.06, the absolute
indicators of which were from 1.36 to 1.58 lambs on average per lambing. (Maxa J.,
Norberg E., Berg P., Pedersen J., 2007).

According to Kalaydzhiev. G. 1. (2022), sheep of the Stara Zagora breed, with
average phenotypic fertility values for the first lambing of 1.13, the second - 1.25 and the
third - 1.29, had the corresponding heritability indices of the trait 0.183; 0.149 and 0.137.
Despite the low level of heritability of the indicators of the reproductive ability of sheep,
Kizilaslan M., Arzik Y., Behrem S. (2024). note that further studies of their correlations
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with other breeding traits can significantly improve the sheep breeding systems in the
region of fine-wool sheep breeding. Therefore, they propose to identify and include the
most important lifetime indicators of reproductive ability and productivity of sheep in
breeding programs.

The heritability coefficients determined by us also indicate insignificant
dependencies between the values of the reproductive coefficients in mothers and their
daughters. They turned out to be low, 12 x =0.011 - for the first three lambings, and 0.003
- for the entire period of reproductive use of ewes. The coefficient of heritability in
generations of the indicator of the number of lambs obtained for the first three
reproductive years of ewes turned out to be somewhat higher - 0.016 (p<0.05). Despite
this, the methodological approach applied by us in the conditions of the nucleus for
breeding sheep of the Prekos breed proves that along with the increase in wool
productivity in the daughter generation, the state of ontogenetic adaptability in it remains
stable, since the correlations between shearing and the main signs of reproductive ability
change significantly in it and are somewhat strengthened with the live weight of animals
at 12 months of age. Differentiation of the population of two generations of ewes of the
Prekos breed, taking into account the deviations of individual indicators from the average
values of wool shearing and reproductive coefficients and the selection of animals with
AA and AB combinations of traits is an effective breeding tool for improving both traits.

Conclusions.

1. Differentiation of the population of two generations of ewes of the Prekos
breed, taking into account the deviations of individual indicators from the average values
of wool shearing and reproductive coefficients, did not reveal a deterioration in the state
of ontogenetic adaptability in the daughter generation against the background of a
probable increase in wool productivity (p<0.001) and live weight (p<0.05) over animals
maternal generation.

2. Ewes of the line 1579/1625 with an adaptation coefficient of 0.684 exceed
animals of the line 4464/4487 by 11.6% (absolute indicator 0.613) and the line 9e89/108
by 19.2% (versus 0.574).

3. The values of the reproductive coefficients of this population of sheep are
characterized by a low level of heritability, 0.011 - for the first three lambings, and 0.003
- for the entire period of reproductive use of ewes.

4. The indicators of live weight at the age of 12 months of animals are positively
weakly correlated, while the shearing of wool and wool coefficients also have weak, but
negative correlations with the main indicators of the reproductive ability of ewes. Against
the background of a likely increase in wool productivity and, to a lesser extent, live
weight, these connections are somewhat strengthened in the daughter generation.
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The article is devoted to the review of the formation and activities of the scientific
structural unit on horse breeding of the Livestock farming institute of the NAAS, as a
scientific center on horse breeding, which carries out scientific support of the industry,
starting from 1944 and until now. In particular, the scientific influence of the employees
of the scientific unit on horse breeding in Ukraine is analyzed. The personalities of
scientists who worked in the department (laboratory) of horse breeding of the institute at
different periods, their personal contribution to the horse breeding industry are
considered.

The achievements of the scientists-hipologists of the institute in breeding and
technological research, the creation of new breeds, types, lines of horses, the
improvement of the horse feeding system, elements of horse training, the study of the
features of local horse populations in different regions of Ukraine are highlighted.

The directions of scientific work, the created breeds, types and lines of horses,
breeding, technological developments, research on genetics, feeding, biotechnology,
economics in horse breeding are considered.

In the article, the authors partially used archival research by Victoria
Vyacheslavivna Kunets, in particular, information from her historical and bibliographic
publication “Scientific achievements of scientists in the development of domestic horse
breeding and horse breeding”, for which they express their sincere gratitude to her.

Keywords: Livestock farming institute of the NAAS, horse breeding, scientists-
hypologists, scientific support, breeds, lines, types

BIIVINB HAYKOBHIB-IITOJIOT'IB IHCTUTYTY
TBAPUHHUIITBA HAAH HA KOHAPCTBO YKPAIHU: OI'JISA [
(10 95-pivus Incruryry TBapunnunTea HAAH T1a 90-pivus Bigainy
KOHSIPCTBA)

Ipuna TKAYOBA, 1. c.-r. H,, ¢. H. ¢., https://orcid.org/0000-0002-4235-7257
Cepriii JIOTHUX, k. c.-T. H., C. H. C., https://orcid.org/0009-0009-8964-442X
Incruryr TBapunnunuTBa HAAH, m. XapkiB, Ykpaina

Cmammsa npucéauena o0enady ¢opmyeanns i  OialbHOCMI  HAYKOBO2O
CMPYKMYPHO20 Niopo30iny 3 kouapcmea Incmumymy meapunnuymea HAAH, sk
HAYKOB020 Yenmpy 3 KOHAPCMEA, W0 30IUCHIOE HAYKOBULL CYNPOGIO 2dy3i, NOYUHAIOUU 3
1944 poxy i nouuni. 3oxpema npoamanizo8aHo HAYKOBUL 6NIUE CHIBPOOIMHUKIE
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HAYK0B020 Niopo30iNy Ha KOHAPCmMBo Ykpainu. Pozensinymo ocobucmocmi Haykogyis, sKi
y pi3Hi nepiodu npaywosaru y 6i00ini (1abopamopii) KoHApcmea iHcmumymy, ix
ocobucmuii 8HecoK y KOHAPCHKY 2a1Y3b.

Bucsimneno oocsenenns Haykosyie-inonocie iHcmumymy y CenekyiuHux i
MEXHONI02IYHUX ~OOCNIONCEHHAX, CMBOPEHHI HOB8UX NOpIO, Munie, JiHil KOHel,
VOOCKOHANEHHI cucmemu 200i6li KOHell, eleMeHmi8 mpeHiHey KOHel, BUBYEHHIO
ocobaugocmeti 10KATbHUX NONYIAYIU KOHeU Y PI3HUX pecionax YKpainu.

Poszenanymi nanpsamu nayxoeoi pobomu, cmeopeni nopoou, munu i 1iHii Kowell,
CeNeKyilini, MexXHON02TYHI PO3POOKU, OOCTIONCEHHS 3 2eHEMUKU, 2001671, OI0MexHON02Ii,
E€KOHOMIKU Y KOHAPCMEL.

Y cmammi aemopu uacmkogo euxopucmanu apxieHi 0ocnioxcenHs Bikmopii
B’auecnasieni Kyneywv, 30kpema — gioomocmi 3 ii icmopuko-0ionioepagiunoco euoamHsi
«Haykosuil 00po6ok yueHux y po36umox 8imuu3HAHO20 KOHAPCMEA Ma KiHHO3a800CMEay
3a W0 BUCTOBIIOIOMb iUl WUPY 80SIUHICTD.

Kniwowuosi  cnosa:  Incmumym — meapunnuymea  HAAH,  kousapcmeo,
KIHH03a800CMB0, HAYKOBYI-INOJI02U, HAYKOBULL CYRPOBIO, NOPOOU, NiHii, munu

In 2024, the Institute of Livestock of the National Academy of Agrarian Sciences
of Ukraine will celebrate its 95th anniversary and the 90th anniversary of the creation of
its scientific unit - the Department of Horse Breeding - a modern leading breeding center
for horse breeding. The purpose of this article is to highlight the main areas of scientific
research of the Department of Horse Breeding and its achievements.

Research methods. The article highlights the authors' own scientific achievements,
memories of the formation of the team and scientific topics, the main results of research
from the laboratory's scientific reports during its period of activity, while using historical,
bibliographical methods and systematization of materials.

The prerequisite for the establishment in 1944 of the Department of Horse Breeding
at the Ukrainian Research Livestock farming institute (UNDIT, then - the Scientific
Research Institute of Forest-Steppe and Polissya of the Ukrainian SSR (NIILIP), now -
the Institute of Livestock of the NAAS) after the liberation of the Kharkiv region from
German occupation was the need for a rapid and qualitative improvement of the horse
population, which at that time had an important function in agriculture and the army. The
first part-time head of the Department of Horse Breeding was Candidate of Agricultural
Sciences Yurii Yuriyovych Podoba, who in 1945 headed the Department of Small Animal
Husbandry (Kunets, 2014). The Horse Breeding Department was initially staffed by
scientists whose field of work had not previously been related to horse breeding. The
main tasks of the Horse Breeding Sector, according to the Regulations on the UNDIT,
were:

- methodological guidance of selection and breeding work in the field of horse
breeding in state breeding nurseries and state stables for individual types of horses
(trotters, draft horses, riding horses);

- study and implementation of methods of selection and breeding of horses in order
to improve their quality and accelerate reproduction;

- study of issues of crossbreeding of horses in order to establish the direction of
selection and breeding work with crossbreed animals, improve and compare breeds and
justify their zoning;

- development and implementation of methods and techniques for feeding, caring
for and keeping horses in production;

- study and implementation of methods of using horses for work in production;
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- development of individual issues in the field of horse breeding on the instructions
of the management.

The first scientific report on the research work of the Horse Breeding Department
was compiled for 1945 by Yevhen Yosypovych Senkovsky (a research associate of the
Horse Breeding Department since January 15, 1945) on the topic: "Study of horse
breeding resources in the main regions of the Ukrainian SSR." The materials of this report
were partially published in the journal "Equestrianism" (Senkovsky, 1946). At that time,
E.Y. Senkovsky was an experienced specialist in horse breeding, having worked as the
manager of the "Narodna Ferma" stud farms, a zootechnician in various farms, and an
inspector of horse breeding in the Kharkiv region. Since September 1941, he was
authorized to evacuate animals from the Kharkiv region, in particular, he organized the
evacuation of horses from Derkul stud farm No. 63 in 1941-1942. (Kunets et al., 2009)

The fastest possible restoration and further development of horse livestock and
breeding was one of the main requirements for livestock breeders in the first post-war
years. In connection with the significant arrival of horses from Germany and Hungary in
1945 as reparations and the beginning of the creation of a Ukrainian horse breed, the horse
breeding department was expanded, the management Since March 1, 1946, it has been
carried out by the front-line soldier Professor Vasyl Kuzmich Klyuchnikov, in the past -
a teacher and head of the Kharkiv Dairy and Zootechnical Institute (Kharkiv State Zoo-
Veterinary Academy) and the Kharkiv Agricultural Institute (Kharkiv National Agrarian
University named after V.V. Dokuchaev). Since June 26, 1946, lvan Dmitrievich
Manakov and technician Sergei Servych Shevchenko were enrolled in the department..
Professor S. V. Afanasyev (author of the "Album of Horse Breeds", 1953) also worked
in the department for a short time. In 1947, the department of horse breeding was fully
staffed. Mikhail lvanovich Novikov was hired as a senior research fellow, and the
technician was Fedir Kuzmich Musienko, an experienced zootechnician, formerly the
head of the equestrian unit of the Yagilnytsky stud farm No. 19 (Kuners, 2014).

The scientists of the department of horse breeding widely promoted the industry,
provided practical assistance to stud farms, stud farms, collective farms, state farms and
other farms, gave lectures, held talks for all categories of specialists, and distributed
literature. The achievements of the industry by the scientists of the department were
exhibited at exhibitions.

In 1947, the department employee E. Y. Senkovsky published the monograph
“Feeding and Care of Horses” (Senkovsky, 1947) and the first dissertation in the
department was defended by Ivan Dmitrievich Manakov on the topic “Foreign draft
horses as the basis for creating a draft type of working horses” (Manakov, 1947).

In 1947, scientists from the horse breeding department conducted a survey of
horse populations in the western regions of Ukraine. In this expedition, significant
attention was paid to horses of the Hutsul and Polissya breeds (Manakov, 1948).

In 1948, senior researcher Mykhailo Ivanovych Novikov joined the department,
and in 1948, his position was taken by Viktor Oleksiyovych Solovyov, previously the
head of the horse breeding department of the Kyiv Research Station of Animal Husbandry
(Kunets, 2014).

In 1948, the department conducted two scientific topics; “Study of breed resources
in the Ukrainian SSR” (head V. K. Klyuchnikov) and “Improvement of breed and
breeding qualities of horses of the Krasnogradsk, Pyriatyn and Romensk Autonomous
Okrugs of the Ukrainian SSR” (head I. D. Manakov). In the same year, the first
postgraduate student in the specialty “Equestrianism” was accepted at the institute - Fedor
Kuzmich Musienko, under the scientific supervision of V. Klyuchnikov (Kunets, 2014).
A significant event in the further work of the Department of Horse Breeding was the
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enrollment in postgraduate studies in 1950 of Dmitry Andriyovych Volkov - the future
founder of his own scientific school of scientists and horse breeders (lonov, 2014;
Pomitun & Tkachova, 2019). This year Dmitry Andriyovych would have turned 105 years
old. His enormous contribution to science and the field of horse breeding will be discussed
in more detail below. In the same year, V.K. Klyuchnikov was recalled to the position of
Deputy Minister of Agriculture of the Ukrainian SSR and the horse breeding department
was headed by I. D. Manakov (Kunets, 2014). Thus, the responsible executors of the
scientific topic were the head of Manakov I.D. and graduate student Volkov D.A., the
scientific topic concerned mainly the improvement of draft horses. In just 5 years,
scientists formed more than 20 valuable mother families in a new draft type. Special
attention was paid to the technology of growing, feeding, training and testing draft young
stock, which became the basis of D.A. Volkov's PhD thesis (Volkov, 1953).

In 1953, the head of the horse breeding department and at the same time the deputy
director for scientific work of the institute was appointed an experienced specialist-
hipologist Mykola Mikhailovich Burlakov, who had worked in production for many
years, including being the director of the State Stud Farm No. 49, the director of the Alma-
Ata All-Union Trust of Stud Farms of the USSR National Committee for the Study of
Stud Farms and the Ukrainian Trust of Stud Farms of the USSR National Committee for
the Study of Stud Farms. In 1954, M.M. Burlakov was recalled to the Ministry of
Agriculture of the USSR and Dmitry Andriyovich Volkov became the head of the
department (Kunets, 2014; Pomitun & Tkachova, 2019). In 1956, the horse breeding
department was joined by an experienced specialist in horse breeding and organizer of
stud farms — Pavel Pavlovich Volkov and Anna Stepanivna Filimonova — previously a
lecturer in animal husbandry at the school for training heads of collective farms and
technicians of the Institute of Experimental VVeterinary Medicine. The work of the Horse
Breeding Department in 1958 was aimed at checking the state of breeding and selection,
conditions for keeping breeding stock and raising breeding young stock in stud farms (D.
A. Volkov, P. P. Volkov), as a result of which priority measures were developed and
implemented for the systematic conduct of work on the qualitative improvement of the
horse population of the republic (Volkov D. & Volkov P., 1958).

Since 1960, the Horse Breeding Department has been managing breeding work to
improve the Oryol and Russian trotters, purebred horse breeds, the creation of the
Ukrainian horse breed group and the Novooleksandrivskyy heavy-duty type of horses.
During this work, new lines and mother families in breeds were created, and horse
keeping and training systems were developed.

In 1967, the chief judge (and later the director of the Kharkiv State Hippodrome)
Mykola Mykolayovych Ponomarenko entered the postgraduate program of the Institute
of Horse Research and Training, who conducted important experimental studies on the
influence of training intensity and liveliness of mares on their reproductive ability and the
quality of their offspring, which were covered in his candidate dissertation
(Ponomarenko, 1971). In 1972, significant personnel changes took place at the institute,
and the horse breeding department also underwent changes. D.A. Volkov was appointed
deputy director for scientific work of the institute, and only G. S. Filimonov remained in
the department (Kunets, 2014). But already at the end of 1973, a promising young
specialist, Alexander Aleksandrovich Novikov, was enrolled in the department. The
subject of the department’s work at that time concerned the development and
implementation of methods for improving the breeding and sporting qualities of factory-
bred horses. Volume | of the Ukrainian Horse Breeding Code was compiled and materials
for its approval were prepared. During these years, the Horse Breeding Department was
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reorganized into a laboratory attached to the Small Animal Breeding and Horse Breeding
Department under the leadership of V. V. Myros (Kunets, 2014).

The equine laboratory continued to be replenished with experienced personnel
who entered postgraduate studies under the leadership of Dmitry Andriyovych Volkov,
forming his scientific school (lonov, 2014; Pomitun & Tkachova, 2019). In 1953, the
equine laboratory was replenished with a practicing horseman from the Strelka Stud
Farm, Oleksandr Mykhailovych Latka, later a recognized expert on the Ukrainian horse
breed. In 1981, Tamara Ivanivna Volkova was enrolled in the laboratory staff, in the
future a specialist in horse feeding. In 1985, Violetta Stanislavivna Slizh, a former trotter
rider at the Kharkiv State Hippodrome, who received the second prize in the All-Union
Student Essay Competition named after S.M. Budyonny, entered the postgraduate study.
She became one of the first scientists at the institute to start working with computer
technology and software, and created the first database of Ukrainian horse breeds. In
1987, an experienced zootechnician, Olga Mykhailivna Sobol, entered graduate school,
studying and implementing genetic indicators of trotting horse agility — later a lecturer at
Kherson State Agrarian University. In 1978, the head of the production department (later
director) of the Kharkiv State Hippodrome, Vasyl Oleksiyovych Lebedev, entered the
institute’s graduate school, who substantiated and implemented individual elements of
the trotting horse testing system at the hippodromes, which increased their agility
(Lebedev, 1989)

With the acquisition of independence by Ukraine, reforms took place in all sectors
of the economy, including agriculture. In particular, horse breeding was very difficult
during this period, the number of horses began to decline rapidly, stud farms, racetracks,
and equestrian complexes were in a difficult state. In the conditions of the reduction of
the horse breeding industry and economic decline, scientists of the horse breeding
laboratory received a responsible task - to preserve the gene pool of horses in Ukraine.
The first scientific project on horse breeding in independent Ukraine was the research
project “To improve the gene pool of breeds and develop a highly efficient technology
for breeding horses for agricultural production and equestrian sports” (D. A. Volkov, O.
O. Novikov, V. S. Slizh, O. M. Latka). Scientists studied the current technologies in stud
farms and identified the weakest elements, which were refined and introduced into the
new technology. The most effective elements of horse training technology were studied.
An assessment of the quality of movements at different gaits was developed (V. S. Slizh,
D. A. Volkov), research was conducted on the experimental substantiation of the
technology of growing, training and testing young Ukrainian horse breeds in stud farms
(D. A. Volkov, V. S. Slizh, O. M. Sobol). In 1993, an experienced horseman-practitioner
Serhiy Vyacheslavovich Lyutykh entered graduate school. His research was aimed at
developing breeding directions with draft horses, he studied milk and working
productivity, and is currently working on the problems of sports horse breeding.

A new important transformation of the equine sector of the institute took place in
2000 - the equine laboratory again acquired a separate status due to the expansion of
demand for scientific support for equine breeding of all areas of productivity in new
market conditions (order No. 243/k dated October 23, 2000). Oleksandr Oleksandrovich
Novikov was appointed head of the laboratory.

Taking into account the contribution of the Livestock farming institute of the
NAAS to the practice of domestic horse breeding, the order of the Ministry of Agrarian
Policy of Ukraine No. 165/54 dated June 9, 2003 approved the institute as a scientific
breeding center for equine breeding.

According to the plan of scientific research and contractual topics, a redistribution
of scientific workloads was carried out among the laboratory staff, to which scientists,
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laboratory assistants and technicians from other departments of the institute were
transferred; Anatoly Andriyevich Bondar, Iryna Volodymyrivna Tkachova, Valentyna
Andriyivna Tverdokhlib, Valentyna Viktorivna Yatsutsenko, Victoria Alekseevna
Kuraksyna, Kateryna VVolodymyrivna Gdanska, Valentyna Fedorivna KovalKoval. At the
same time, the laboratory was replenished with talented graduate students: N. V. Volgina,
O. V. Bondarenko, T. O. Kovaleva, N. O. Laryna, O. A. Chorna, O. O. Kornienko, A. V.
Andriychuk, I. V. Bilous. Most of them defended their dissertations on time and joined
the ranks of scientists-hipologists and specialists in horse breeding. Over the entire period
of the scientific division of horse breeding, its employees defended 13 candidate and 4
doctoral dissertations. With the expansion of scientific topics in horse breeding, other
scientific departments of the institute were connected to the work: the biotechnology
center (O. B. Sushko, O. V. Tkachev), the genetics laboratory (V. I. Rossokha, G. M. Tur,
T. L. Voroshina, N. V. Shkavro, T. V. Kovaleva, L. T. Dobrodeeva, O. O. Aleshchenko,
0. V. Boyko, O. A. Zaderikhina, O. V. Brovko, O. L. Grebenyuk), the feeding laboratory
(V. M. Kandyba), the economics laboratory (O. L. Kukla), the analytical laboratory
(L. M. Fedotova, T. O. Bredykhina, S. S. Varchuk). The Livestock farming institute of
the NAAS was the coordinator of the scientific program "Equestrianism", in which the
following took part: the Institute of Animal Breeding and Genetics, Ternopil and
Mykolaiv Institutes of Animal Husbandry, Transcarpathian State Veterinary Service and
Ivano-Frankivsk State Veterinary Service.

In 2007, the head of the laboratory O.O. Novikov passed away prematurely and
the laboratory of horse breeding was headed by Iryna VVolodymyrivna Tkachova (in the
future - the director of the institute). Further work of the laboratory was aimed at
preserving the gene pool and biological diversity of horses, developing effective breeding
and technological methods that contribute to the realization of the genetic potential of
horses in various areas of economic use. Currently, the unit carries out scientific topics in
the coordination network of the Institute of Animal Breeding and Genetics named after
M.V. Zubets of the NAAS for the research project "Genetic Conservation™.

In 2018, the institute underwent staff optimization and changes in the structure of
the institute, as a result of which the horse breeding laboratory entered the newly created
Department of Breeding and Technological Research in Small Animal Husbandry and
Horse Breeding as a scientific sector and breeding center for horse breeding.

And today, in extremely difficult war conditions, equine scientists continue to
work for the preservation and improvement of Ukrainian horse breeding.

Breeding research, creation of new types and breeds of horses.

The limited and heterogeneous horse resources that remained after the occupation
of Ukraine required significant efforts of specialists to successfully solve the problem of
creating a new breed of horses and qualified assistance from scientific institutions.
Employees of the Horse Breeding Department - Head V. K. Klyuchnikov, Candidate of
Agricultural Sciences I. D. Manakov and Senior Researcher E. 1. Senkovsky during 1946
conducted a survey of pedigree horses that survived the war in Poltava, Kharkiv, Sumy,
Kirovohrad regions. The expedition survey covered 4076 horses, including the breeding
stock of the Krasnograd, Kirovohrad, Pyriatyn and Pryluky stud farms. It was established
(Senkovsky, 1946) that in most areas, pedigree horses are very scattered (2-3 heads each)
on collective farms. Only in some breeding farms were they gathered in more or less
significant groups (20-50 heads). In the Novoukrainsk district of the Kirovograd region,
which was saturated with pedigree horses before the war, single individuals remained.
The organization of farms in this area was initially carried out at the expense of a small
number of local horses and imported mares of the Karabair breed, which, according to
scientists, did not meet the task of breeding a new breed. Based on the data from the
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survey and assessment of the population, a meeting of specialists was held at the
Livestock farming institute and urgent measures were outlined to restore pedigree horse
breeding. It was decided to import thoroughbred and high-blooded stallions into the
network of state stud farms to reduce the heterogeneity of the horse massif and improve
the breed, caliber and exterior indicators. On the recommendations of scientists, a
significant number of riding horses of domestic origin and Western European breeds,
which arrived from military units and as reparations, were gradually collected in stud
farms and horse farms. The need to breed a large agricultural horse of the riding-sled type
(universal working productivity) was determined instead of a highly specialized
thoroughbred riding breed (Volkov D., Volkov P., 1958).

On April 16, 1953, Mykola Mikhailovich Burlakov was appointed head of the
horse breeding department, who had previously headed the Kharkiv Regional Department
of Agriculture, and even earlier - in 1945-1951 he was the director of the Ukrainian Trust
of Horse Breeding Plants of the People’'s Commissariat of Land of the USSR. The time
of his leadership of the department coincided with the rapid disbandment of the cavalry
and the direction of horse breeding for sports (Kunets, 2014).

In connection with the transfer of M. M. Burlakov, on June 2, 1954, a front-line
veteran, Candidate of Agricultural Sciences Dmitry Andriyovych Volkov was appointed
as Deputy Director for the Scientific Part of the Institute, Head of the Horse Breeding
Department. He was entrusted with the methodological and scientific management of
breeding work to create the Ukrainian riding breed group of horses. He developed long-
term breeding plans for 1961-1965 and 1966-1970, which gradually reduced the number
of stallions of the original breeds and increasingly used stallions of the desired
genealogical complex of domestic selection. In accordance with the long-term plans, stud
farms carried out measures to improve horses of the Ukrainian riding breed group by
means of targeted selection and selection, organization of sports training, evaluation of
stud stallions by the quality of offspring, selection of progenitors and establishment of
genealogical lines, maternal families.

Based on the materials of the survey of the livestock of the newly created breed
group in 1970, D.A. Volkov and the department staff developed a long-term plan for
breeding work with horses of the Ukrainian riding breed group for 1970-1980. The main
task of the breeding work was to create a new breed of riding-sled horses suitable for use
in equestrian sports (in particular, in its classical types: show jumping, dressage, eventing,
style-chasing), as well as for use in agriculture and the improvement of local horses. The
certificate of the Scientific Research Livestock farming institute of the Forest-Steppe and
Polissya of the Ukrainian SSR dated May 7, 1971 on the mass survey of the horse
population indicated that 95% of the dams met the requirements of the breed group type.
By origin, these were crosses of three and four breeds, obtained as a result of crossing the
Hungarian, Trakehner, Hanoverian breeds with purebred horse breeds and were largely
fixed by further mating of crosses of the desired type with each other. In 1974, the
employees of the Horse Breeding Department compiled the first volume of the State Stud
Book of the Ukrainian Horse Breed Group. In 1978-1979, the employees of the Institute,
as part of the State Commission, conducted a control survey of the horse population, took
measures to organize breeding work on breeding horse farms and developed long-term
work plans for each stud farm. In 1986, the employees of the Horse Breeding Department
were pared in accordance with the then current regulations materials for the approbation
of the Ukrainian horse breed and submitted for consideration to the State Agricultural
Industry of the Ukrainian SSR and the State Agricultural Industry of the USSR.

Further selection work was carried out guided by a single plan of breeding work,
developed by specialists of the horse breeding department, which made it possible to
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combine the positive qualities of the original breeds and obtain horses that surpass them
in a set of selection characteristics. Of great importance in this work was the creation of
an initiative Breeding Council for the breed and the opening of an international auction
in Kyiv for the sale of horses of the new breed. In September 1990, a group of experts,
which included prominent scientists of the time - Professor Yu. N. Barmintsev, Professor
O. A. Balakshin and others, conducted a survey of the basic farms - the originators of the
creation of the new breed. Based on the results of the survey, specialists from the horse
breeding department prepared materials for the approval of the breeding achievement,
approved by the State Commission of the Council of the USSR Ministry of Food and
Procurement. The new breed was given the name “Ukrainian riding horse”.

The process of creating and improving horses of the domestic sports breed would
have been impossible without the authors and main executors of the breeding programs —
scientists of the institute and horse breeders: D. A. Volkov, O. A. Kalantary, P. A.
Deineka, V. O. Peresady, M. B. Ignatieva, A. S. Filimonova, V. I. Kulikov, V. V.
Stashevsky, P. Ya. Belan, N. T. Bobkova, V. P. Shimshyrt, P. M. Krymtsov, B. I.
Moskalenko, 1. G. Kravchenko, I. E. Gotlib. Later, scientific support for the work with
the Ukrainian horse breed was carried out by Slizh V. S., Novikov O. O., Latka O. M.,
Bondarenko O. V., Tkachova l. V.

Currently, the Ukrainian horse breed, the main purpose of which is to be used in
classical equestrian sports, ranks first among other breeds of Ukraine in terms of the
number of breeding stock. The leading farms for its breeding are LLC "Kharkiv Horse
Breeding Plant”, branches of the State Enterprise "Equestrianism of Ukraine™: Lozov
Horse Breeding Plant No. 124, Oleksandrijsk Horse Breeding Plant No. 74,
Dnipropetrovsk Horse Breeding Plant No. 60.

At the same time as the breeding of the Ukrainian horse breed, scientists of the
horse breeding department were engaged in the improvement of heavy draft horses, the
need for which was very significant in the post-war period. The prerequisite for working
with draft horses was the importation of draft horses of Western European origin, mainly
Belgian Ardennes, to the Dibrivsky Stud Farm in 1868. For a long time, breeders of local
and improved mares crossed them with Belgian mountain Ardennes, and to a lesser extent
with Brabancons and Percherons. By 1920, several breed types had formed in the Russian
Ardennes breed, the smallest of which and the most uniform in proportional build were
the Dibrivsky Ardennes. In 1923, draft horses of the Dibrivsky type were transferred to
the Novooleksandrivsky Stud Farm, and in 1929, the stock of draft horses from the
Mariupol People's Farm was transferred to this plant.

Until 1941, the main goal of working with heavy draft horses at the
Novooleksandrivsky Stud Farm was to breed larger horses with correct exterior and high
working productivity.

In the post-war years, heavy draft horses were sent to Ukrainian stud farms for
reparations and were carefully studied. According to the recommendations of scientists
from the horse breeding department, further work with heavy draft horses was based on
crosses of lines with the simultaneous use of inbreeding. As a result, a type of horse was
obtained, which was characterized by small stature, a wide barrel-shaped body, on low,
dry, correctly set legs, with a light head, a short wide neck, a long, bifurcated, wide,
slightly drooping croup.

Under the methodological guidance of D. A. Volkov, in 1948 the creation of the
Novooleksandrivsky (Ukrainian) type of heavy draft horse began, officially approved on
December 31, 1970. (Order No. 437 of the USSR Ministry of Agriculture). Even before
the approval of the new type of heavy draft horses, starting from the selection plans
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approved in 1960, its transformation into a new breed began (Volkov D. A,
Kemarska M. S., Kalantar A. A.).

Further intensive use of the complexes obtained at the Dibrivsky and
Novooleksandrivsky stud farms, the creation of genealogical lines and maternal families,
as well as appropriate training and testing of the working qualities of horses made it
possible to carry out complex work on creating a new heavy draft breed based on the
heavy draft type. The decisive factors in this work were the organization and conduct of
expert assessment of the breeding nucleus, the selection and intensive use of the best
stallions-breeders, selection for improving the type of body structure, assessment of the
quality of the offspring, testing them for working productivity. A certain role in the
selection work was played by a comparative two-stage assessment of line continuations
and breeding stallions by offspring and the quality of daughters used in the reproductive
composition. The selection was aimed at the maximum development of the main
genealogical lines and branches through the best stallions (Pavlovskii & Tkachova, 2019).
The Novooleksandrivskaya heavy-duty breed was approved as a selection achievement
in 1997 (Author's Certificate No. 1262 dated 28.11.1997 r.). The team of authors included
D. A. Volkov (scientific supervisor), M. S. Kemarska, O. A. Kalantar, I. P. Goroshko and
other highly qualified breeders. Under the leadership of Professor D. A. VVolkov, scientific
and methodological support of breeding work with the Novooleksandrivky Draft breed
was carried out by A. S. Filimonova, S. V. Lyutikh, I. V. Tkachova, N. V. Volgina, O. O.
Kornienko, S. S. Pavlovsky.

Modern horses of the Novooleksandrivky breed differ significantly from
analogues of the Russian heavy draft breed, in particular its Ural type. They are more
massive, have a strong constitution, are well adapted to the conditions of maintenance
and use in different regions of Ukraine, are characterized by high working capacity, early
maturity, fertility and milk yield (up to 4000 liters of milk). More than 20 representatives
of the Novooleksandrivky heavy-duty breed were awarded the titles of champions and
record holders in express cargo delivery and draft endurance.

With the participation of scientists from the horse breeding laboratory at the
institute, research was conducted to study the quality of mares' milk, its nutritional value
and the necessary technological conditions for the production of high-quality koumiss
(S.V. Lyutykh, L.M. Rosso). State standards were developed for the requirements for the
quality of mares' milk and koumiss.

Considerable attention in the scientific research of the institute was paid to the
improvement of the purebred riding horse breed, which has been bred in Ukraine for more
than two centuries. At different periods of time, breeding work on the improvement of
horses of this breed was carried out according to selection programs developed under the
methodological guidance of scientists from the horse breeding department (laboratory):
D. A. Volkov, O. O. Novikov, I. V. Tkachova, T. O. Kovaleva. Every year, scientists
evaluated purebred young horses at Ukrainian racetracks, made suggestions for selection
plans, and developed long-term breeding plans for stud farms.

Oleksandr Oleksandrovich Novikov, head of the horse breeding laboratory in
1998-2007, was particularly interested in purebred horse breeding. As part of research on
purebred horse breeding, changes in the parameters of horse selection by breed and by
stud farm and lineal affiliation of the generation were studied in terms of racing class and
liveliness. In stallions and dams used over the past 20 years, age variability and heredity
indicators were studied, and based on these data, a new method of selecting dams for
stallions by liveliness classes and a breeding program for working with purebred horses
in Ukraine were proposed. The results of the research became the basis of the scientist's
PhD thesis (Novikov, 2002).

163



f
gj Scientific and Technical Bulletin of Livestock farming institute of NAAS, 2024, Is. 132

Scientists of the Institute's Horse Breeding Department have conducted many
years of research on the assessment of lines of purebred horse breeds by liveliness,
distance, and the number of victories in races of various levels according to the
international classification. As a result, the modern direction of selection is the
specialization of lines in the breed depending on the presence of certain qualities of
stayers, sprinters, and distancers. For this purpose, a methodology has been developed for
assessing the reproductive composition of the breed by liveliness indicators with its
division into classes; high, medium, and quiet, which makes it possible to take into
account the performance index of horses when selecting breeding young stock and
compiling selections (D. A. Volkov, O. O. Novikov).

At different stages of work with the breed, studies were conducted aimed at
assessing the intensity of selection, features of variability, heredity, and repeatability of
liveliness indicators in generations in terms of lines and individual stud farms. In order to
determine the constant influence of individual stud stallions and the nature of their
compatibility in various genealogical complexes, the horse breeding laboratory annually
evaluates stallions by the quality of their offspring. The main indicator is the stallion's
"success index", the number of victories and prize places in traditional prizes received by
the offspring, and the total amount of winnings by the offspring.

Extensive research work has been carried out to improve the Oryol breed of
horses. Resources have been studied and plans for breeding work on the breed to improve
and create new lines have been developed, breeding traits have been studied and standards
have been developed for individual stud farms (D. A. Volkov, P. P. Volkov, V. V. Galas,
M. M. Ponomarenko, O. M. Sobol, I. V. Tkachova, O. O. Kornienko).

In recent years, active work has been carried out to create and test the domestic
genealogical line of the Zapad Orlov trotting breed (Tkachova & Frolova, 2020).

An urgent task of breeding work with trotting breeds is to further increase the
agility of horses both over short and long distances. In this regard, the question arises
about the directions of breeding work with trotting horse breeds in the future. The basis
of further work is purebred breeding of horses of each breed separately with the maximum
use in breeding work of agile stallions-sprouts, who also have a clearly expressed body
type of their breed. It is certain that in this case it will be necessary to obtain high-class
stallions and dams and ensure their effective use in breeding work.

For a long time, in Ukraine, with the scientific and methodological support of
scientists from the Livestock farming institute of the NAAS, work has been underway to
improve the domestic prize trotter (D.A. Volkov, P.P. Volkov, V.V. Galas, M.M.
Ponomarenko, O.M. Sobol, N.V. Volgina, I.V. Tkachova, O.O. Kornienko). The idea of
creating a domestic trotting breed belongs to the luminaries of equine science at the
institute - D.A. Volkov and O.O. Novikov, but it was their students and followers who
had to implement it. In 2014, the first program for breeding horses of the Ukrainian
trotting breed group was developed, and in 2016, materials on its testing were submitted
for consideration (1.V. Tkachova, O.O. Kornienko). Given the proven genetic uniqueness
of the newly created breeding achievement, it was decided to carry out work on
transforming it into a new breed - the Ukrainian Trotting Horse (Tkachova & Yusyuk-
Omelnytska, 2023). It is currently being tested and there is a gratifying hope that the 95th
anniversary of the Livestock farming institute of the NAAS and the 90th anniversary of
the Horse Breeding Department will be marked by the approval of a new breeding
achievement - the Ukrainian Trotting Horse.

Studies of local horse populations.

In addition to pedigree horses, considerable attention was paid to local horses from
different regions of Ukraine, as well as horses of local breeds imported from other
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countries, which had excellent adaptive qualities, were unpretentious, strong and adapted
to agricultural work. Thus, in 1946, scientists from the Department of Horse Breeding
conducted a survey of Mongolian horses imported to the Kharkiv region in 1944 (Kunets,
2014).

In 1948-1951, scientists from the Department of Horse Breeding conducted
research on the horse population in the regions of Polissya of the Ukrainian SSR, which
made it possible to identify horses of the Polissya breed, and conducted experiments on
improving local Polissya horses as heavy draft horses in Sumy and Chernihiv regions.
The results obtained were included in the candidate's dissertation of graduate student
F. K. Musienko "The Horse of Polissya of Ukraine and Methods of Its Improvement"
(Musienko, 1951).

In the conditions of the mountainous region of Crimea, in 2009-2013, experiments
were conducted to study herd horse breeding as a separate ecosystem. The analysis of the
horse composition of the largest equestrian tourist bases of the mountainous Crimea
determined the main parameters of horse selection, important for equestrian tourism:
morphological and physiological features, ethology and temperament, exterior and
interior indicators, breed and pedigree, as a unifying factor of the complex of selection
parameters. The organizational and technological parameters of equestrian tourism and
the morphometric characteristics of the mass of horses employed in equestrian tourism
were studied, and a methodology for selecting horses for equestrian tourism based on
these characteristics was developed (I. V. Tkachova, I. V. Bilous) (Tkachova et all.,
2009). The adaptive, physiological, morphological and hematological indicators of
Crimean-type horses of different sex and age groups were assessed at altitudes (from 300
to 700 m above sea level) in conditions of distance runs of 18 and 32 km (Andriichuk et
all., 2015).

In 2015, within the framework of the implementation of the international cross-
border program IPBU.03.01.00-18-751/11-00 “Utworzenie Polsko-Ukrainskiego
Centrum Hodowli i Promocji Konia Huculskiego” (“Creation of a Polish-Ukrainian
Center for Breeding and Promotion of the Hutsul Horse”), an inventory of 614 horses was
conducted in the Transcarpathian region in order to identify horses of the Hutsul breed
and the most typical of them, a photo archive and database were formed (1. V. Tkachova).

In the western regions of Ukraine, the Torian breed of draft horses is widespread,
whose representatives were not registered in the state breeding register and were bred
chaotically in small farms. During 2017-2019, at the initiative of the Horse Breeding
Center of the Livestock farming institute of the NAAS (I. V. Tkachova), meetings were
held with the leadership of the Tory Horse Breeding Association (Estonia), an
expeditionary survey of the Tory horse population of Ukraine and an expert assessment
of the horses. As a result of the work carried out, it was established that the Tory horses
of Ukrainian selection meet the breed standard, and the Livestock farming institute of the
NAAS received permission to organize its own pedigree register of Tory horses of
Ukrainian selection, the first volume of which was published in 2021 in English
(Tkachova et al., 2021).

Horse breeding paid significant attention to horse breeding technology. This
direction was developed back in 1949 with the approval of the scientific topic of the horse
breeding department “Development of a system for raising, training and testing pedigree
horses in the State Stud Farms of the Ukrainian SSR” (head I. D. Manakov). The
development of foals, selection of young animals, research groups were formed, and the
results of training draft horses were studied (Kunets, 2014).

Based on the study of the technology of raising horses in stud farms and their
assessment of sporting qualities depending on bloodline, lineage, selection methods and
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body structure, the parameters of the desired (standard types) horses were established, as
well as an experimentally substantiated and developed system of early sports training of
young horses of the Ukrainian horse breed for dressage and show jumping, which ensures
the development of motor skills and the ability to overcome obstacles 120-150 cm high
(D. A. Volkov, V. S. Slizh).

Elements of the technology of systematic education of foals of the purebred horse
breed were developed (T. O. Kovaleva), which contribute to improving work with young
horses during handling, training and, accordingly, increase performance during
hippodrome tests.

Separate elements of the technology of testing trotting horses were developed (V.
A. Lebedev).

The relationship between physiological and biochemical indicators with the
functional state of horses of sports breeds, changes in the content of oxidative stress
markers and the activity of antioxidant defense enzymes in the dynamics of physical
exertion was studied. A patent for a utility model (Pat. 146831 Ukraine, MPK (2021.01)
A61V 5/00) “Method for determining the level of fitness of sports horses by
hematological, biochemical parameters and markers of oxidative stress” (I.V. Tkachova,
A.V. Andriychuk) and a monograph “Antioxidant mechanisms of adaptation of horses in
the process of physical training” (jointly with Polish colleagues) were obtained.

Regulatory documentation has been prepared that regulates the technology of
horse breeding based on the initial requirements for technological, organizational-
economic, zoohygienic and ethological standards for breeding, keeping, training and
testing horses, developed using previous developments, developed standards and
recommendations (1. V. Tkachova).

Improvement of the horse feeding system

Given the great importance of the level of horse feeding for the manifestation of
their genetic potential, the horse breeding department (laboratory) conducted scientific
research on the organization of the feed base, studying the nutritional value of rations for
different sex and age groups of horses, creating original feed premixes, protein-vitamin-
mineral supplements and compound feeds.

Even at the beginning of the operation of the institute, the horse breeding
department paid much attention to the organization of the feed base in the conditions of
various farms. Thus, in 1949, in the conditions of the Pyriatyn and Krasnograd state
breeding nurseries of the Kharkiv region (a total of 74 breeding farms), scientists of the
horse breeding department developed plans for the organization of the feed base, adjusted
crop rotation schemes, the structure of crops for uninterrupted supply of feed. Since 1950,
D.A. Volkov has been engaged in issues of feeding heavy draft young animals, improved
rations, and organized early feeding of foals. Guided by the need of horses for basic
nutrients and biologically active substances, in 1993-1997, premix recipes for different
sex and age groups were developed and experimentally substantiated. The effectiveness
of the developed recipes was tested in the diets of breeding dams and foals from weaning
to 2 years of age in scientific and production experiments at leading stud farms. A patent
of Ukraine was obtained for the developed premixes (Ne 20409 A dated 15.07.97). In
1996, a “sports” version of the experimental premix was developed, which was tested on
sports horses of the dressage and competition groups of the Mykolaiv Equestrian Base
“Kolos”, as well as horses of the Ukrainian national equestrian team.

In 1997-1998, a scientific and production experiment was conducted at the
Lozivsky Stud and the Olimpiysky Stud Farm in Mykolaiv to study the effect of a protein-
vitamin-mineral supplement (PVMD) on the development of foals of the Ukrainian horse
breed. The studies established that the inclusion of PVMD in the diet has a positive effect
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on the development of foals after weaning (V. M. Kandyba, T. I. Volkova,
0. O. Novikov).

In 2001-2005 in Lymarivsky and Stryletsky Stud, the positive effect of the
developed compound feed with the inclusion of premixes on the reproductive ability of
stallions-breeders and dams was studied. In the Stryletsky stud farm, the effectiveness of
compound feed with the inclusion of a vitamin-mineral premix for suckling foals and
young horses in training was also studied. Feeding the developed compound feed to
suckling foals of purebred riding breeds as part of the diet has a beneficial effect on
growth and development, provides a significant improvement in the performance of
horses and keeps them in good prize-winning order (V. M. Kandyba, T. I. Volkova, O.
O. Novikov).

A feed additive for horses during periods of intensive physical exertion has been
developed. It based on oat bran-based feed with the addition of bee honey (mass fraction
— 15.0%), vegetable oil enriched with vitamin D, feed chalk. The biologically active
substance in the feed additive is bee honey. The energy and nutritional value of the feed
additive was calculated (I. V. Tkachova)

In co-authorship with the Department of Animal Husbandry of the NAAS, a
monograph for a wide range of horse breeding specialists “Physiology of Nutrition and
Standardization of Horse Feeding” was published.

The development and implementation of a computerized system of breeding
accounting in breeding, prize, sports and draft horse breeding (V.S. Slizh, 1.V. Tkachova)
ensured an increase in the rate of accumulation of informative material on horse breeding
and the quality of statistical data processing. Unified forms of breeding accounting in
horse breeding have been developed, databases have been created for each breed, which
accumulate information on the origin, development, working capacity and breeding use
of horses, registers, catalogs, state books of breeding horses are maintained, and the
reproductive composition is assessed by the quality of offspring. The Livestock farming
institute of the NAAS currently stores and constantly updates the most informative
database of horse breeding in Ukraine.

Only in the last decade, the institute's hippologists have developed:

- The program for breeding horses of the Ukrainian riding breed until 2020;

- The program for breeding horses of the Novooleksandrivky Draft breed until
2020;

- The program for breeding horses of the Ukrainian trotting breed group until
2020;

- The program for preserving the gene pool of horses in Ukraine until 2025.

- Methodological recommendations have been developed and implemented:

- Selection and genetic parameters of horses in the genetic passporting system";

- Standardized feeding of horses of different areas of use;

- Evaluation of physiological indicators of sports and prize horses by the volume
and intensity of physiological loads;

- Effective formation and use of mother families in the Ukrainian riding breed;

- Regulations on testing horses of the sports direction of work capacity.

The Horse Breeding Center actively cooperates with the State Enterprise
"Equestrianism of Ukraine", the State Enterprise "Agency for Identification and
Registration of Animals", the Public Organization "Association of Horse Breeders of
Ukraine™, the Public Organization "Association of Subjects of Stud Business in Horse
Breeding”, engaged in breeding horses of the Ukrainian riding breed”, the Public
Organization "Association of Horse Racing and Racing", the Public Organization
"Association of the Draught Horse", the employees of the center are members of the
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working group on horse breeding and expert commissions of the Ministry of Agrarian
Policy and Food of Ukraine.

Since 2010, the employees of the horse breeding sector have supported
international cooperation with the Institute of Biology and Earth Sciences of the
Pomeranian University in Slupsk (Republic of Poland) on conducting joint research and
implementing a research project on the study of adaptation mechanisms of sport horses,
as well as with the Tory Horse Breeding Association (Estonia), which coordinates the
Ukrainian-Estonian commission for assessing the breeding value of Tory horses.

The employees of the horse breeding sector carry out advisory activities, provide
practical assistance (conducting boning, expert assessment of horses, description of signs,
rationing of rations, clarification of pedigrees, assistance in identifying and registering
horses, adjusting training elements, etc.) and provide consultations to farms on issues of
breeding, keeping, feeding horses.

The diverse requirements for horses necessitate the study of methods for obtaining
the most desirable types and groups of horses that meet certain requirements, the
development of methods, programs and business projects that will ensure the maintenance
of the competitiveness of breeds in Ukraine, taking into account social and economic
conditions. The priority in scientific research is given to the main direction of horse
breeding - stud horse breeding, which is able to meet the needs for horses of different
breeds in a multi-structured market economy. At the same time, the task is set in the near
future to reach the world level on the basis of breeding and technological developments
to increase the competitiveness of horses of domestic breeding. This is expected to be
achieved both through the intensification of the breeding process in breeds and the
development and implementation of progressive scientifically based energy-saving
technologies for breeding, training, testing of pedigree horses, immunogenetic and
cytogenetic diagnostics, promising methods for assessing work capacity, feed production
and feeding technology, optimal ration structure, and the economics of horse breeding
production at the level of the latest world achievements.

An important issue also remains the preservation and further development of horse
breeds with a limited gene pool. Competition between foreign-bred horses and domestic
ones, well-adapted to the economic and climatic conditions of different regions of
Ukraine, as well as socio-economic restructuring, changes in ownership forms, and the
economic crisis, have made the problem of preserving valuable, small-numbered breeds
of domestic breeding particularly important. The fate of horse breeds that have
traditionally been bred on the territory of Ukraine for many years depends on the solution
to this issue: Orel and Russian trotters of the established domestic type, purebred riding,
Tory, Arabian, and especially breeds created in Ukraine, which are our national heritage:
Hutsul, Ukrainian Trotter, Novooleksandrivky Draft, newly created Ukrainian Scientists-
hypologists of the Livestock farming institute of the NAAS are working on these issues.
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ACTIVITY OF ANTIOXIDANT ENZYMES IN THE CARDIAC
AND HEPATIC TISSUES OF RAINBOW TROUT
(ONCORHYNCHUS MYKISS WALBAUM) FED ADIET
SUPPLEMENTED WITH B-GLUCANS

Halina TKACZENKO, DBiSc, Prof., https://orcid.org/0000-0003-3951-9005
Natalia KURHALUK, DBiSc, Prof., https://orcid.org/0000-0002-4669-1092
Institute of Biology, Pomeranian University in Shupsk, Stupsk, Poland
Joanna GRUDNIEWSKA, Ph.D., https://orcid.org/0000-0002-4272-8337
National Inland Fisheries Research Institute, Rutki, Poland

This study investigates the effects of dietary f-glucans on the activity of key
antioxidant enzymes [superoxide dismutase (SOD), catalase (CAT), glutathione
reductase (GR), and glutathione peroxidase (GPx)] in the hepatic and cardiac tissues of
rainbow trout (Oncorhynchus mykiss Walbaum). Supplementation with [-glucans
significantly modulated catalase (CAT) and glutathione peroxidase (GPx) activities in
both tissues, suggesting enhanced antioxidant defence mechanisms. In the hepatic tissue,
a 264.6% increase in CAT activity (p < 0.05) and a 311% increase in GPx activity (p <
0.05) was observed, indicating enhanced hydrogen peroxide detoxification and oxidative
stress resistance. A similar enhancement of antioxidant capacity was observed in the
heart, with an increase in cardiac CAT activity of 135.7% (p < 0.05). Although changes
in superoxide dismutase (SOD) activity were not statistically significant, a trend of
decreased hepatic SOD activity and increased cardiac SOD activity was observed,
potentially reflecting tissue-specific oxidative defense strategies. Glutathione reductase
(GR) activity decreased in both tissues, albeit not significantly, suggesting possible
adaptations in the glutathione cycle. The findings of this study emphasise the tissue-
specific modulation of antioxidant pathways by dietary p-glucans and their potential role
in enhancing oxidative stress resistance in aquaculture species. The data suggest that
dietary f-glucans induce tissue-specific modulations of antioxidant enzyme activities in
rainbow trout, potentially enhancing oxidative resilience in liver and heart tissues. These
effects are likely to arise from the bioactive properties of f-glucans, which are known to
influence immune and oxidative defence pathways. It is recommended that future studies
focus on long-term feeding trials and the inclusion of additional biomarkers to facilitate
a comprehensive understanding of the physiological effects of f-glucan supplementation.

Keywords: Rainbow trout, Oncorhynchus mykiss, -glucans, antioxidant enzymes,
catalase, glutathione peroxidase, superoxide dismutase, oxidative stress, hepatic tissue,
cardiac tissue.

171



3
va Scientific and Technical Bulletin of Livestock farming institute of NAAS, 2024, Is. 132

AKTUBHICTb AHTUOKCUJIAHTHUX ®EPMEHTIB Y
CEPILIEBIN TA NEYTHKOBIV TKAHUHAX PANTYKHOI
®OPEJII (ONCORHYNCHUS MYKISS WALBAUM), SIKY
T'OJYBAJIA JIETOIO, JOMMOBHEHOIO B-TTIOKAHAMU
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IncruryTt 6ioJorii, [lomopcbknii yHiBepceurter y Cayncbky, Ioabima
Hoanna I'PYJHEBCDBKA, . H., TO1IEHT
IncruryT pudanbcrBa imeni CraniciaaBa Cakosuua, Pytki, ’Kykoso,

Hoabuia

YV yvomy docnioocenni mu gusuanu 6nau OleMuyHUX [-210Kanie Ha AKMUHICMb
KAH0Y08UX AHMUOKCUOAHMHUX ¢hepmenmis [cynepokcudducmymasu (SOD), kamanasu
(CAT), enymamionpedykmazu (GR) i enymamionnepoxcuoazu (GPx)] y neuinyi ma
cepyesii mranuni pandyxicnoi ¢hopeni (Oncorhynchus mykiss Walbaum) nicna 14-
0EeHHO20 nepiody nepopaibHO20 NPULlomy 000asox 3 f-antokanamu. JJobaska f-enoxanis
3Hauno 3minuna akmusnicmo kamanasu (CAT) i enymamionnepoxcudaszu (GPx) 6 060x
MKAHUHAX, WO CEIOYUMb NPO NOKPAWEHHS AHMUOKCUOGHMHUX MeXaHizmie 3axucmy. YV
neuinyi 6yno 3agpixcosano 30invuenns akmusnocmi CAT na 264,6% (p < 0,05) ma GPx
Ha 311% (p < 0,05), wo eéxazye Ha nNoKpaweHy O0emoKCUKAYito NepeKucy 800HI0 ma
nioguweHy  cmiukicmoe 00  OKUCHIO8ANbHO20 — cmpecy. Ilodibne  nocuneuHs
AHMUOKCUOAHMHOT AKMUBHOCME CNOCMEPIeanocs i 8 cepyi, 3 NiOBUWEHHIM AKMUBHOCTT
CAT 6 cepyesiu mxanuni na 135,7% (p < 0,05). Xoua 3minu 6 axmuenocmi
CYynepoxkcuooucMymasu He Oyiu CMamucmuyHo 3HA4YWUMUY, CHOCMepieanacs meHoeHyis
00 3meHuwenns akmuenocmi SOD y neuinyi ma 36invuenns ii akmuenocmi y cepyi, wo
NOMEHYINIHO 8i000padicac MKAHUHHO-CReyudiuni cmpamezii OKUCHIOB8ATbHO20 3AXUCHL).
AxmusHicmb 2nymamionpeoykmasu 3HUNCY8anIacs 8 060X MKAHUHAX, XOUd Ul HE3HAYHO,
WO MOdice 8KA3YBAMU HA MONCIUGE adanmayii 8 yukii enymamiony. Pesyremamu ybo2o
00CNI0dHCEH s NIOKPECAI0Mb MKAHUHHO-CReYUDIUHY MOOYIAYII0 AHMUOKCUOAHMHUX
wiAxie diemuyHumMU B-2nroKanamu ma ix nOmeHyiuHy poisb y nio8UUleHHi cmiukocmi 00
OKUCHI08AILHO20 cmpecy. JlaHi ceiouamb, wo P-2noKanu y cKaaoi payiony patioyicHoi
gopeni CNPUYUHAIOMb MKAHUHHO-Cneyupiyny MOOYIAYiIO aKmMueHOCMmi
AHMUOKCUOAHMHUX (DepMEeHmMI8, WO NOMEHYIUHO NIO8UWYE OKUCHIOBAILHY CMIUKICIb
NeYiHKU ma cepyesoi MKaHuuu y ybo2o eudy pub. Lli eghexmu, timosipHo, 3yMo81eHI
OloaKmueHUMU 81ACMUBOCMAMU [-2NIIOKAHIB, BIOOMUX CBOEI0 30AMHICMIO 8NIUBAMU HA
IMYHHI mMa OKUCHIO8ANbHI 3axucHi wiiaxu. Maitibymui O0ocniodcenHs 30cepedumo Ha
00620CMPOKOBUX BUNPODYBAHHAX [-2NIOKAHI8 6 200i6] 10COCe8UX pub ma 6KIUEeHHI
000amKosux biomapkepia 01 NOBHO20 PO3YMIHHSA (hiziono2iunux eghekmie 000a8oK 3 [5-
2NIIOKAHAMU.

Kniouosi cnosa: Pauidyscna ¢openv, Oncorhynchus mykiss, p-entoxanu,
AHMUOKCUOAHMHI Gepmenmu, Kamanasa, 271yMamioHnepoKcuoasda,
CYNepOKCUOOUCMYMA3d, OKUCHIOBANbHULL CMpec, NeYiHKa, cepyeéa MKAHUHA

Introduction. The supplementation of aquaculture diets with bioactive
compounds has emerged as a key strategy to improve the health and growth performance
of farmed fish (Torres-Maravilla E. et al., 2024). Among these compounds, -glucans —
naturally occurring polysaccharides found in the cell walls of fungi, yeasts and cereals —
have gained considerable attention due to their immunostimulatory and antioxidant
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properties (Singla A. et al., 2024). The incorporation of B-glucans in aquafeeds has been
extensively studied for their role in boosting the immune system and improving resistance
to pathogenic challenges (Rodrigues M. V. et al., 2020). However, their influence on the
activity of antioxidant enzymes in vital organs, such as the heart and liver tissues of fish,
remains underexplored.

Rainbow trout (Oncorhynchus mykiss Walbaum), an economically important
species in aquaculture, serves as a valuable model for studying the effects of dietary
supplementation on fish physiology. As ectothermic organisms, fish are particularly
susceptible to oxidative stress caused by environmental and metabolic factors, which can
disrupt cellular homeostasis and affect overall health (Uiuiu P. et al., 2021; Banaee M. et
al., 2023). The liver, as the primary organ responsible for metabolism and detoxification,
and the heart, which is critical for circulatory function, are particularly vulnerable to
oxidative damage (Cichoz-Lach H. and Michalak A., 2014; Allameh A. et al., 2023).
Antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT) and
glutathione peroxidase (GPx) play a pivotal role in mitigating the deleterious effects of
reactive oxygen species (ROS), thereby maintaining cellular integrity (Jomova K. et al.,
2023).

It has been hypothesised that dietary B-glucans may modulate oxidative stress
responses by increasing the activity of antioxidant enzymes. This modulation is
hypothesised to be facilitated by the activation of signalling pathways that regulate
cellular redox balance (Yu C. etal., 2021). Despite the encouraging evidence from studies
in other animal models, the specific effects of B-glucans on the enzymatic antioxidant
defence systems in fish tissues are not yet fully understood. Investigation of these effects
is crucial for optimising aquafeed formulations and improving the sustainability of
aquaculture practices.

The present study aims to evaluate the activity of key antioxidant enzymes
[superoxide dismutase (SOD), catalase (CAT), glutathione reductase (GR), and
glutathione peroxidase (GPx)] in the cardiac and hepatic tissues of rainbow trout fed a
diet supplemented with B-glucans. By elucidating the biochemical responses to B-glucan
supplementation, this research aims to provide insights into the potential health benefits
and mechanisms of action of B-glucans. The findings will contribute to the development
of functional aquafeeds designed to improve the resilience and performance of farmed
fish under varying environmental conditions.

Materials and methods.

Fish and experimental design. Thirty healthy rainbow trout (Oncorhynchus
mykiss), with an average weight of 55.9 £ 2.1 g, were selected for the experiments. The
fish were housed in an indoor system equipped with a freshwater supply, adequate
aeration and an internal power filter. Water quality parameters were maintained at a
temperature of 16 + 2 °C, dissolved oxygen levels of 12 + 0.5 ppm and pH between 7.4
and 7.6. During a 14-day acclimation period, the trout were fed a commercial basal diet
at 1.5% of body weight (BW) four times a day.

Subsequent to the acclimation period, the fish were randomly divided into two
groups and housed in aerated 250 L square tanks containing dechlorinated tap water, with
each group occupying one tank (15 fish per tank). Throughout the feeding trial, the
photoperiod conditions remained naturally occurring. The study was conducted at the
Department of Salmonid Research, National Inland Fisheries Research Institute (Rutki,
Poland).

The feeding trial lasted for a period of 14 days, during which the control group (n
= 15) received a basal diet, while the B-glucan group (n = 15) received a diet supplemented
with the Yestimun® powder at 1% of the basal diet (containing 85% B-1,3/1,6-glucans,
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Leiber GmbH, Bramsche, Germany). The basal diet was supplemented with 1%
Yestimun® powder (1 kg per 99 kg, w/w). This insoluble, highly purified preparation
contains natural polysaccharides, including B-1,3/1,6-D-glucans, derived from brewer's
yeast (Saccharomyces cerevisiae), which typically contains approximately 30% [-
glucans on a dry weight basis.

Throughout the feeding trial, survival and weight gain were meticulously
monitored. At the conclusion of the 14-day period, the fish were euthanised by
decapitation, and the liver and heart tissues were collected for further analysis. It is
noteworthy that the experiments were performed in duplicate.

Hepatic and cardiac tissue isolation. Tissue samples were collected from the
fish post-decapitation, with one fish utilised for each homogenate preparation. The liver
and heart were then excised, weighed and rinsed in ice-cold buffer. The tissues were then
minced and washed with ice-cold 100 mM Tris-HCI isolation buffer in order to remove
any residual blood. The tissues were then homogenised in 10 volumes (v/w) of isolation
buffer and subsequently subjected to a centrifugation process at 3,000 g at 4°C for a
duration of 10 minutes. The resulting clarified upper layer was stored in a -22°C freezer
for subsequent analyses of enzymatic activity and oxidative stress biomarkers. The
isolation buffer comprised 100 mM Tris-HCI, adjusted to pH 7.2 with HCI.

Biochemical assays. All enzymatic assays were performed at 23 + 1°C using a
Specol 11 spectrophotometer (Carl Zeiss Jena, Germany). The initiation of the enzymatic
reactions was facilitated by the addition of the homogenate suspension. The detailed assay
conditions are described below, and each sample was analysed in duplicate. Protein
concentrations in the samples were determined by the Bradford M. M. method (1976)
using bovine serum albumin as the standard.

Superoxide dismutase activity. Superoxide dismutase (SOD, E.C. 1.15.1.1)
activity was evaluated by its ability to dismutate superoxide radicals generated during the
auto-oxidation of quercetin in an alkaline environment (pH 10.0), according to the method
described by Kostiuk V. A. et al. (1990). The reaction was initiated by adding 0.1 mL of
quercetin (1.4 uM dissolved in dimethylsulfoxide) to the reaction mixture. Absorbance at
406 nm was recorded immediately following the addition of quercetin and again after a
period of 20 minutes. SOD activity was expressed in units per milligram of tissue protein.

Catalase activity. Catalase (CAT, E.C. 1.11.1.6) activity was determined by
monitoring the reduction of H.O> levels in the reaction mixture, measured
spectrophotometrically at 410 nm, as described by Koroliuk M. A. et al. (1988). The
reaction was initiated by adding 0.1 mL of the homogenate sample to the incubation
medium consisting of 2 mL of 0.03% H20: solution and 1.0 mL of 4% ammonium
molybdate dissolved in 12.5 mM H2SO4 solution (used as a blank). The absorbance of the
reaction mixture was compared with the blank. One unit of catalase activity was defined
as the amount of enzyme required to decompose 1 pmol H2O2 per minute per milligram
tissue protein.

Glutathione reductase activity. Glutathione reductase (GR, E.C. 1.6.4.2) activity
was measured by the method described by Glatzle D. et al. (1974). The assay quantifies
NADPH consumption spectrophotometrically in the presence of oxidised glutathione
(GSSG). GR catalyses the reduction of GSSG while oxidising NADPH, resulting in a
decrease in absorbance at 340 nm. The reaction mixture contained 2.4 mL of 67 mM
sodium phosphate buffer (pH 6.6), 0.2 mL of 7.5 mM GSSG and 0.1 mL of the
homogenate sample. The oxidation rate of NADPH was monitored at 340 nm and
quantified on the basis of the molar extinction coefficient of 6.22 mM*-cm™. GR activity
was expressed as nmol NADPH oxidised per minute per milligram tissue protein.
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Glutathione peroxidase activity. Glutathione peroxidase (GPx, E.C. 1.11.1.9)
activity was determined by measuring the non-enzymatic consumption of reduced
glutathione (GSH) in a reaction mixture containing 5,5-dithiobis-2-nitrobenzoic acid
(DTNB), as described by Moin V. M. (1986). The test mixture consisted of 0.8 mL 0.1
M Tris-HCI buffer containing 6 mM EDTA and 12 mM sodium azide (pH 8.9), 0.1 mL
4.8 mM GSH, 0.2 mL homogenate sample, 1 mL 20 mM t-butyl hydroperoxide and 0.1
mL 0.01 M DTNB. The rate of GSH oxidation was monitored spectrophotometrically at
412 nm. GPx activity was expressed as nmol of GSH oxidised per minute per milligram
tissue protein.

Statistical analysis. Basic statistical analyses were performed using the Statistica
13.3 software package (TIBCO Software Inc., USA). Homogeneity of variance was
assessed using Levene's test for equality of error variances, while normality of data was
assessed using the Kolmogorov-Smirnov test. The results obtained are presented as the
mean =+ standard deviation (S.D.). The determination of significant differences between
means was conducted through the implementation of a multiple range test, with a
minimum significance level of P < 0.05. Comparisons between the control and
experimental groups were made using multivariate analysis of variance (MANOVA)
followed by Bonferroni's post-hoc test. Statistical differences were considered significant
at P < 0.05. For data sets that did not follow a normal distribution, logarithmic
transformation was applied according to Zar J. H. (1999).

Results. The activity of key antioxidant enzymes in the cardiac and hepatic tissues
of rainbow trout fed a diet supplemented with B-glucans is shown in Figure 1.

The results of the present study demonstrated that the administration of low doses
of B-glucans induced a decrease in SOD activity in the hepatic tissue of rainbow trout to
(247.83 £ 33.90 U-mg™ protein), in comparison to the untreated trout (309.17 + 68.99
U-mg™? protein) (by 19.8%, p > 0.05). In the cardiac tissue, an increase in SOD activity
was observed, reaching (362.84 + 136.13 U-mg™ protein) in the experimental group
compared to (312.56 = 115.05 U-mg* protein) in the untreated trout (by 16.1%, p > 0.05)
(Fig. 1A). The administration of low doses of B-glucans resulted in a statistically
significant increase in CAT activity (Fig. 1B). In the hepatic tissue of rainbow trout, CAT
activity was increased to (148.88 + 48 pmol'-min-mg™ protein) in comparison to the
untreated trout (62.83 £ 15.3 pmol-min™-mg™ protein) (by 264.6%, p < 0.05). In the
cardiac tissue, CAT activity increased to (43.75 £ 16.08 pmol'mintmg? protein)
compared to the untreated trout (12.0 = 4.89 umol-min"*-mg™? protein) (by 135.7%, p <
0.05) (Fig. 1B).

The results obtained demonstrated that the administration of low doses of 3-glucans
induced a decrease in GR activity in the cardiac tissue of rainbow trout to (6.73 = 1.3
nmol-min-mg™ protein), in comparison to the untreated trout (9.88 + 6.73 nmol-min"
L.mg? protein) (by 31.9%, p > 0.05). In the hepatic tissue, GR activity was decreased to
(27.2 £ 7.1 nmol'min"t-mg™? protein) compared to the untreated trout (52.31 + 20.7
nmol-min"**mg protein) (by 48%, p > 0.05) (Fig. 1C). The administration of low doses
of B-glucans resulted in a modification in GPx activity (Fig. 1D). In the hepatic tissue of
rainbow trout, GPx activity was increased to (738.45 £ 189 nmol-min™*-mg™ protein) in
comparison to the untreated trout (179.66 + 60.52 nmol-min™-mg* protein) (by 311%, p
< 0.05). In the cardiac tissue, GPx activity was reduced to (352.32 £+ 177.43 nmol-min
L. mg? protein) in comparison to the untreated trout (406.24 + 133.88 nmol-min™*-mg*
protein) (by 13.3%, p > 0.05) (Fig. 1D).
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Fig. 1. The activity of key antioxidant enzymes [superoxide dismutase
(SOD, A), catalase (CAT, B), glutathione reductase (GR, C), and glutathione
peroxidase (GPx, D)] in the cardiac and hepatic tissues of rainbow trout fed a
diet supplemented with p-glucans.

The results are expressed as mean + S.D.

* and ** — Differences between the control and experimental groups were
analyzed with MANOVA and Bonferroni’s post-hoc test. Differences were
considered significant at P < 0.05.

Discussion. The results of this study offer insight into the modulatory effects of
dietary B-glucans on antioxidant enzyme activities in the hepatic and cardiac tissues of
rainbow trout. A notable finding was the differential response of superoxide dismutase
(SOD) activity between hepatic and cardiac tissues. The decline in hepatic SOD activity
in trout treated with B-glucans suggests a potential reduction in oxidative stress levels or
a shift in the oxidative defence strategy within the liver. Conversely, the observed increase
in cardiac SOD activity suggests enhanced superoxide detoxification, which could be a
compensatory mechanism to counteract oxidative stress in cardiac tissue. While the
changes in SOD activity did not reach statistical significance, the observed trends merit
further investigation to elucidate tissue-specific responses to 3-glucan supplementation.

The marked increase in catalase (CAT) activity in both hepatic and cardiac tissues
following B-glucan supplementation underscores the pivotal function of this enzyme in
mitigating oxidative stress by degrading hydrogen peroxide. The marked increase in
hepatic CAT activity (by 264.6%, p < 0.05) compared to the control group underscores
the pivotal role of the liver in detoxification processes. A similar increase in cardiac CAT
activity (135.7%, p < 0.05) suggests a robust increase in antioxidant capacity, which may
protect against oxidative damage in cardiac tissue. The findings suggest that -glucans
stimulate hydrogen peroxide detoxification pathways, thereby enhancing tissue resistance
to oxidative stress.

Conversely, a decrease in glutathione reductase (GR) activity was observed in
both liver and heart tissues, though these changes did not attain statistical significance.
This decline could be indicative of alterations in the glutathione cycle, potentially
reflecting an adaptive response to dietary B-glucans. The pronounced decrease in hepatic
GR activity (by 48%) suggests that the hepatic glutathione pool may be differentially
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modulated by B-glucan supplementation. However, further studies are required to clarify
the implications of this finding for cellular redox balance.

Glutathione peroxidase (GPx) activity exhibited divergent responses in liver and
heart tissues. The marked increase in hepatic GPx activity (by 311%, p < 0.05) indicates
an increased use of reduced glutathione for peroxide detoxification, thus highlighting the
central role of the liver in oxidative defence. Conversely, the modest decrease in cardiac
GPx activity suggests that other antioxidant systems may compensate for peroxide
detoxification in the heart. These observations underscore the tissue-specific modulation
of the glutathione system by B-glucans.

In our previous study (Tkachenko H. et al., 2023), we explored the impact of
dietary B-glucans on lipid peroxidation in the hepatic and cardiac tissues of three fish
species: rainbow trout (Oncorhynchus mykiss), European whitefish (Coregonus
lavaretus), and graylings (Thymallus thymallus), following a 14-day supplementation
period. The results indicated a significant reduction in 2-thiobarbituric acid reactive
substances (TBARS) levels, a marker of lipid peroxidation, in both tissues for rainbow
trout and European whitefish. In a similar manner, graylings that were fed low doses of
B-glucans for a period of 14 days exhibited decreased TBARS levels in both hepatic and
cardiac tissues. These findings suggest that dietary B-glucans can effectively enhance the
antioxidant defence systems in these fish species, mitigating oxidative stress by reducing
lipid peroxidation. This antioxidative effect appears consistent across the examined
species and tissues, demonstrating the potential of B-glucans as a beneficial dietary
supplement in aquaculture. The hypothesis that low-dose B-glucan supplementation
enhances antioxidant capacity in fish is supported by the observed reduction in TBARS
levels in key tissues such as the liver and heart. These results are consistent with the
broader understanding of B-glucans as functional feed additives with both health-
promoting and growth-enhancing properties in aquaculture species (Tkachenko H. et al.,
2023).

It is well established that dietary B-glucans possess immunostimulatory and
antitumour properties, primarily through the activation of mucosal immune system cells
via specific B-glucan receptors (Nakashima A. et al., 2018; Zhong X. et al., 2023). The
receptors that have been identified include dendritic cell-associated C-type lectin-1
(Dectin-1), complement receptor 3 (CR3), differentiation cluster 11b (CD11b)/CD18,
aMp2-integrin, macrophage differentiation antigen-1 (Mac-1), lactosylceramide
(LacCer), and scavenger receptors (SRs) (Zhong X. et al., 2023). B-glucans and mannans
derived from yeast cell walls have been identified as alternatives to antibiotics for the
prevention and treatment of animal diseases, as well as the mitigation of the emergence
and spread of antibiotic-resistant bacterial pathogens (Liu Y. et al., 2021; Bar-Dagan H.
et al., 2023).

When administered orally, B-glucans are absorbed through the gastrointestinal
tract, taken up by tissue macrophages, and fragmented. These fragments are then
transported to the bone marrow and reticuloendothelial system, where they are released
and subsequently taken up by other immune cells, triggering various immunological
responses (Barton C. et al., 2016; Singh R. P. and Bhardwaj A., 2023). These
characteristics have prompted research into the utilisation of -glucan particles as vaccine
platforms against invasive fungal diseases (Vetvicka V. et al., 2020). Additionally, -
glucan particles are being explored as oral vaccine delivery systems, functioning both as
carriers and adjuvants (Mirza Z. et al., 2017; Wu Y. et al., 2023).

As a group of polysaccharides with inherent immunostimulatory characteristics,
B-glucans present promising opportunities for developing novel vaccine adjuvants. Their
compatibility, safety, and tolerability render carbohydrate structures such as
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polygalactans, fructans, f-D-glucans, a-D-glucans, D-galactose, and D-glucose attractive
candidates for use as vaccine adjuvants and immunomodulatory (Colago M. et al., 2022;
Liang X. et al., 2024). Key factors influencing the toxicological and adjuvant properties
of B-glucan-based formulations include the particle size and the method of antigen
encapsulation or surface adsorption (Colago M. et al., 2022; Jesus S. et al., 2024).

Experimental research has illuminated the mechanisms of immune activation by
B-D-glucans, particularly the roles of dectin-1 and C3-iCR3 receptors. In order to
optimise the therapeutic application of B-glucans, it is essential to thoroughly define
biologically active molecules and to comprehensively characterise glucans from various
sources chemically and biologically (Tsoni S. V. and Brown G. D., 2008; Mata-Martinez
P.etal., 2022).

It is noteworthy that the physicochemical properties of B-glucans include
antioxidant activity, enabling them to scavenge reactive oxygen species (ROS). In
addition to their role in disease prevention, B-glucans have a significant role in the human
diet as a source of fibre, which has been demonstrated to reduce cholesterol absorption,
enhance digestive processes, and stimulate the production of short-chain fatty acids in the
intestines (Kofuji K. et al., 2012; Nakashima A. et al., 2018).

In order to evaluate the capacity of B-glucans as natural antioxidants, an
investigative approach was undertaken by Song H. S. and Moon K. Y. (2006) that entailed
the examination of their antioxidant properties through the utilisation of five distinct in
vitro methods. These methodologies encompassed the assessment of lipid peroxidation
value (POV), nitric oxide (NO) scavenging, 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radical scavenging, reducing power, and [B-carotene diffusion assay. The B-glucans
evaluated encompassed extracts from Saccharomyces cerevisiae KCTC 7911, along with
both water-soluble and water-insoluble forms derived from the yeast mutant S. cerevisiae
IS2. In the POV test, the antioxidant activities of all B-glucans were either comparable to
or exceeded that of vitamin C, a well-known antioxidant. It is noteworthy that both -
glucan and water-insoluble mutant B-glucan exhibited 2.5 times the potency of vitamin C
at a dosage of 2 mg. Conversely, in the NO and DPPH tests, which evaluate radical
scavenging capacity, vitamin C exhibited approximately 100 times greater activity than
the B-glucans. Notably, the B-glucans exhibited higher radical scavenging activity than
N-acetyl-L-cysteine (NAC), a recognised radical scavenger, in the DPPH test.
Furthermore, the water-insoluble mutant B-glucan demonstrated 2.6-fold and 5-fold
greater activity than the water-soluble B-glucan in the NO and DPPH tests, respectively,
suggesting that all B-glucans possess the capacity to effectively scavenge radicals such as
NO and DPPH. In the reducing power and B-carotene diffusion assays, P-glucans
exhibited lower antioxidant profiles in comparison to vitamin C. Nevertheless, B-glucan
and the water-insoluble mutant B-glucan displayed marginal reducing power and
significant B-carotene diffusion activity. These findings underscore the differential
antioxidant potentials of the various B-glucan forms. The results obtained demonstrate
that B-glucans, particularly the water-insoluble mutant form, possess notable antioxidant
properties and could serve as effective natural antioxidants. The activity of B-glucans
across a range of assays indicates their potential for application in health and nutrition as
a viable alternative to synthetic antioxidants (Song H. S. and Moon K. Y., 2006).

The collective evidence suggests that dietary pB-glucans induce tissue-specific
modulations of antioxidant enzyme activities in rainbow trout, potentially enhancing
oxidative resilience in liver and heart tissues. These effects are likely to arise from the
bioactive properties of B-glucans, which are known to influence immune and oxidative
defence pathways.Future studies should focus on long-term feeding trials and the
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inclusion of additional biomarkers to fully understand the physiological effects of B-
glucan supplementation.

Conclusions. The present study demonstrates that dietary supplementation with
low doses of B-glucans significantly influences antioxidant enzyme activities in the
hepatic and cardiac tissues of rainbow trout. The marked increases in CAT and GPx
activities in the liver and heart highlight the potential of B-glucans to enhance oxidative
defence mechanisms. Conversely, the observed decreases in SOD and GR activities
reflect a complex, tissue-specific response to B-glucan supplementation. The findings of
this study provide valuable insights into the role of dietary B-glucans in modulating
oxidative stress and support their use as a functional feed additive to improve fish health
and resilience.
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The article presents data from studies of the influence of the factor of uneven
mixing of the feed mixture (corn silage, alfalfa hay and compound feed) on the apparent
digestibility of nutrients throughout the gastrointestinal tract of young cattle (9 heifers of
the Ukrainian red-motley breed). The studies used a method of modeling the consumption
of unevenly mixed rations by animals, where 25 % of the ration consisted of high-energy
components of the mixture in the second experiment, and feeds with a low energy
concentration in the third. It was found that when consuming a low-concentrate feed
mixture with an energy concentration in the diet of 8.9 MJ/kg dry matter and a crude
protein concentration of 9.7 % with a mixing uniformity of 75 % compared to the control
diet (100 % mixing uniformity), there were implausible changes in the consumption of
nutrients by individual animals. Fluctuations in the apparent digestibility of nutrients
throughout the gastrointestinal tract of young cattle ranged from 2 % to 6 % when
consuming a feed mixture with a mixing uniformity of 75 %. On the high-nutrient diet,
the digestibility of crude protein and crude fiber increased by 14% and 9 %, respectively.
On the low-nutrient diet, there was a significant (p < 0.05) decrease in digestibility by 5
% for dry matter and organic matter and nitrogen-free extractives, and for crude protein
(by 12 %), compared to the high-nutrient diet. The provision of animals with energy and
protein significantly increased (p < 0.01) on the high-nutrient diet by 34.7 % and 11.5
%, respectively. Consumption of the low-nutrient diet had practically no effect on energy
content. When feeding a feed mixture with a 75 % mixing uniformity on a low-nutrient
diet, a significant increase in alkaline phosphatase activity was observed by 42 %, a high-
nutrient diet significantly affected the increase in erythrocyte content by 7.9 %, while
most hematological and biochemical blood parameters of heifers fluctuated within the
physiological norm for animals of this age.

Keywords: digestibility, feed mixture, energy available for exchange, mixing
uniformity, hematological and biochemical blood parameters.
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IHNEPETPABHICTDH IO KUBHUX PEYOBHH 1
3ABE3INEYEHICTb TBAPUH EHEPI'€10 3A BIIVIUBY
PIBHOMIPHOCTI 3MIIIYBAHHSA KOPMOCYMILII
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Incruryt TBapunaunTBa HAAH, XapkiB, Ykpaina
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Cxigno-Ykpaincekuit Hanionanbuuii ynisepcurer im. B. B. laas, KuiB, Ykpaina

YV cmammi nasedeni Oawni 00cniodxcenv 6nauy Haxmopy HepisHOMIPHO20
SMIULYBAHHA KOPMOCYMIWIL (CUNOC KYKYPYO3AHUU, CIHO JTIOYepHO8e ma KOMOIKOpMU) HA
BUOUMY NEPEMPABHICIb NONCUSHUX PEUOBUH NO CbOMY ULTYHKOBO-KULUKOBOMY MPAKmMy
MONIOOHAKA 8enuKoi poeamoi xyooou (9 meauyox uep8oHo-ps60i ykpaincvkoi nopoou). ¥V
00CNIONCEHHAX BUKOPUCIMOBYBANU MEMOO MOOENI0BAHHS CHONCUBAHHS HEPIGHOMIPHO
3miwysano2o payiony meapumamu, de 25 % payioHy ckraoanu y Opy2omy 00Caioi
BUCOKOEHepeeMUYHI KOMNOHEeHMU CYMiWi, a y mpemvomMy — KOPMU 3 HU3LKOIO
KOHYeHmpayiero eHepeii. Bcmanosneno, wo npu cnojcu8aHHi Hi3KOKOHYEHMPAmHOU
Kopmocymiuii npu Kowyenmpayii euepeii 6 payioni 8,9 MIc/ke cyxoi pewosunu i
KoHyenmpayii cupoeo npomeiny 9,7 % 3 pignomipricmio smiviyeantsi 75 %o 8 NOpiGHAHHI
3 koumponavHum payionom (100 % pienomipHicms smiuysants) i00Y8anUCs HEBIPOCIOHI
3MIHU 8 CNOJNCUBAHHI NONCUBHUX Peyos8UH OKpemumu meapunamu. Konusannsa euoumoi
nepempasHoOCmi  NONCUBHUX PEYOBUH NO 8CbOMY ULIYHKOBO-KUUUKOBOMY MPAaKmy
MOJNIOOHAKA 8enUKoi poeamoi xyoobu cmanosuiu 6i0 2 % 0o 6 % npu cnod’cusanti
Kopmocymiuii 3 pienomipnicmio 3miwtyeanns 75 %. Ha eucokonoowcusnomy payiowi
nepesapumMocms cupo2o npomeiny ma cupoi kiimkoeunu 3pocia Ha 14 % i 9 %,
sionosiono. Ha mizxonoscusHomy payioni cnocmepieanocs gipocione (p <0,05)
3HUdICEHHS nepempagHocmi Ha 5 % Ons cyxoi i opeaniunoi peuosunu ma 6e3a30mucmux
EeKCMPKMUBHUX ~peuyo8uH, 01 cupoeo npomeiny (na 12 %), 6 nopieusanui 3
BUCOKONOJICUBHUM.  3abe3neuenicmv  MBAPUH  eHepliclo | NpPOmeiHoM  3HAYHO
soinvutysanacs (p <0,01) na sucoxkonoscueni payioni na 34,7 % i na 11,5 %, eionogiono.
CrnoorcusanHs HI3KONONCUBHO20 PAYIOHY NPAKMUYHO He 8NIUBANI0 Ha emicm eHepeii. [Ipu
320008y8aHHI Kopmocymiwi 75 %-60i pieHOMIpHOCII 3MIUYBAHHS HA HIZKONONCUBHOMY
PayioHi cnocmepieanocs ipozioHe 30iNbUEHH aKMUBHOCMI IYHCHOI (ochamasu Ha
42 %, BUCOKONOINCUBHUL PAYIOH 8IDOLIOHO BNIUHYE HA 30LTbULEHHS BMICTTY epUMPOYUMIE
Ha 7,9 %, mooi ax Oinbuicms 2emMamonociyHux i Oi0XiMIYHUX NOKA3HUKIE KPOBI MeluyoK
KOIUBANACS 8 MedHCax (Pi3i0N02TYHOI HOpMU OJIsL MEAPUH OAHO20 BIK).

Knwuosi cnosa: nepempasnicms, kopmocymiul, 00Ocmynua 0Jisi 00MiHY eHepeis,
PIBHOMIPHICIb 3MIULYBAHHSA, 2eMAMON02IUHI | OIOXIMIUHI NOKA3HUKU KPOBI.

Introduction. One of the main advantages of using feed mixtures is the leveling
of differences in the consumption of diet components by individual animals. This
property of the feed mixture is directly related to the mixing uniformity of its components.
Finding out the optimal mixing uniformity is important from the point of view of saving
resources and fully providing productive animals with nutrients.

In the case of poor-quality feed mixture preparation with insufficient mixing or
separation of feeds during distribution, selective eating of feeds by individual animals
may occur (Amaral-Phillips D. M, et al., Grant R. J. et al, 1990, Kononoff P. J. et al,
2003a and 200b). The uniformity of mixing significantly depends on the degree of
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grinding of roughage (Baran M., 1980., Clauss M. et al, 2011, Tafaj M. et al, 1999). Our
studies and data from other authors indicate that from a physiological point of view, there
are optimal sizes of roughage particles, deviations from which in the direction of increase
cause a decrease in dry matter intake and a slowdown in the rate of fractional outflow
from the rumen, and deviations in the direction of decrease cause a decrease in the number
of chewing movements during chewing and the volume of saliva (Guozhong D., et
al., 2011, Lechner I. et al., 2013., Rolf S. et al., 2018), disrupt the specific layered
structure of the rumen contents and its motility, contribute to increased acidity in the
rumen, and are often accompanied by abomasum displacement and digestive disorders
(Kaiyue P. et al., 2022, Golder H. M. et al., 2014, Krause K. M. et al., 2002 and 2003).
Finding the optimal size of coarse feed grinding when preparing a feed mixture is a
compromise between the negative impact of overgrinding and the negative consequences
of insufficiently uniform mixing (Beauchemin K. A. et al., 2003, Maekawa M. et al.,
2002, Maulfair D. D. et al., 2011, Vibart R. E. et al., 2010). In our opinion, the provision
of animals with nutrients with the same uniformity of mixing of the feed mixture, but
with different energy content, can differ significantly (Vasylevskyi M. V. and Yeletska
T. 0., 2012).

Purpose of the work. To investigate the effect of consuming a feed mixture with
a mixing uniformity of 75% by young cattle on the apparent digestibility of nutrients in
the diet and the content of energy available for exchange in order to ensure the effective
use of feed nutrients and their transformation into livestock products.

Materials and methods. To study the effect of the uniformity of feed mixture
mixing on the consumption of nutrients and the energy actually received by the animals
from the diet, three experiments were conducted on 9 heifers of the red-and-white breed.
The animals were kept tethered, fed twice a day with free access to individual automatic
drinkers. The diet consisted of corn silage, alfalfa hay, and mixed feeds.

The studies were conducted using the method of modeling the consumption of an
unevenly mixed diet by animals. For this purpose, the content of individual feeds in the
main diet and their ratios were calculated. In the first experiment (control), the animals
received all the feeds in the form of a feed mixture, which corresponded to a mixing
uniformity of 100%. Then, the ratio of feeds was calculated at a uniformity of 75%. For
this purpose, it was assumed a priori that 75% uniformity is the actual consumption by
animals of a diet in which 75% is represented by 100% uniformly mixed feed mixture, in
which the ratio of all components corresponds to the diet of the first experiment. The
remaining 25% was replaced in the second experiment with high-energy components of
the mixture, and in the third with feeds with a low energy concentration. The content of
available energy for metabolism (AEE) was calculated based on apparently digestible
nutrients using energy coefficients (Nehring K., 1975). Statistical processing was
performed using the method of variance analysis and the method of paired related data
(Vasilevskij N. V., 2007). The case was considered probable when the error was less than
5%. Since the purpose of our research was to find the boundary of the zone of influence
of negative parameters, the probability analysis was also carried out in the zone of
tendency to probability, when the error was in the range from 20% to 5%.

Research results. The amount of feed consumed is presented in Table 1. The
consumption of dry and organic matter in our experiments was at the level of 3.5-4.0 kg,
respectively.
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Table 1
Average consumption of dietary nutrients by animals, (M = m), n=3
Experiments 1 2 3

DM, g 3396 + 148 4406 + 52 3728 £ 26
Cv, % 7,55 2,05 1,20
oM, g 3193+ 135 4140 + 47 3501 +£23
Cv, % 7,31 1,97 1,15
CFt, g 62,27 £ 1,95 67,38 £ 0,57 69,87 £ 0,41
Cv, % 5,43 1,46 1,02
CP, g 320+ 12 463 +4 340+ 2
Cv, % 6,39 1,57 1,07
CFg 1145+ 44 1486+ 17 1248 £ 8
Cv, % 6,65 1,93 1,12
NFE, r 1666 + 77 2124 £ 26 1843 £ 13
Cv, % 8,01 2,11 1,22
Ca,r 29,79 £ 1,34 46,84 £ 1,74 31,03 £0,25
Cv, % 7,76 6,43 1,39
P,r 8,59 = 0,40 12,24 + 1,62 9,04 + 0,07
Cv, % 8,07 22,87 1,29

Note: Here and below: DM — dry matter, OM — organic matter, CF — crude fat, CP — crude protein, CF
— crude fiber, NFE — nitrogen-free extractives, Cv — probability coefficient.

The largest spread for the main nutrients was observed in the first experiment
(Cv =6.99 +7.63%), a significant decrease in the probability coefficient compared to the
control was in the second (5.50 + 5.57%) and third experiments (0.71 + 1.00%).
Calculation of the significant difference according to Student's t-test in the first and
second experiments between the consumption of dry and organic matter, crude protein,
crude fiber, nitrogen-free extractives showed a significant difference (p < 0.05 + 0.01) in
the consumption of these substances, the change in the consumption of crude fat was at
the trend level (Table 2).

There was also a trend level (0.2 > p > 0.05) difference in the consumption of dry
and organic matter, crude protein, crude fiber, nitrogen-free extractives between the first
and third experiments. A significant difference in the consumption of crude fat was
established (p < 0.05). When comparing nutrient intake in the second and third
experiments, a significant difference was established for all indicators (p < 0.05 + 0.01).
Using the Student's t-test for the same indicators, but by the method of pairwise related
dry matter intake, showed a significant difference in the intake of crude fiber and
nitrogen-free extractives, for other nutrients - at the level of the trend between the first
and third experiments.
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Table 2
Difference in nutrient intake of diets with different mixing uniformity

The differe_nce between L1a2 123 2123
experiments

DM g -1010,6 -332,2 678,43
t1 -6,44** 2,21* 11,66***
t2 -5,20** 2,72* 9,86***
OM, g -946,9 -308,01 638,93
t1 -6,63** 2,25% 12,15***
t2 -5,87** 2,76* 10,28***
CFt, g -5,11 -7,60 -2,49
t1 2,51* 3,81** -3,56**
t2 2,26* 4,93** 2,93**
CP,g -142,99 -20,03 122,97
t1 11,43*** 1,67 26,25***
t2 -10,09*** 2,06* 22,19%**
CF, g -341,38 -103,3 238,09
t1 -7,27** 2,31* 12,91***
t2 -6,39** 35,92*** 10,93***
NFE, g -457,5 -176,8 280,64
t1 -5,63** 2,26* 9,71***
t2 -5,00** 2,76** 8,20***
Ca, g -17,05 -1,24 15,81
t1 -7,78** 0,91 9,00***
t2 -6,50** 1,14 8,43***
P, g -3,66 -0,45 3,21

1 -2,19* 1,11 1,98*
t2 -2,00* 1,35 1,94*

Note. t1 — calculated indicator based on variance analysis; t2 — calculated indicator based on pairwise
related data on SR consumption; * — probability of differences between the indicators of the experiments
at the trend level; ** — probability of differences between the indicators of the experiments at the p <0.05
level; *** — probability of differences between the indicators of the experiments at the p <0.01 level.

Such differences between the intakes in the experiments caused a difference in the
characteristics of the actually consumed rations (Table 3). It was determined that all these
indicators significantly differed between the second and third experiments. A significant
difference was established in the concentration of crude protein between the first and
second and the first and third experiments. It was established that the excretion of
nutrients with feces differed significantly only in the content of nitrogen-free extractives
(p < 0.05) in the first and second and in the first and the third experiments.
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Table 3
Characteristics of rations, (M+m), n=3
Experi- Exchangeable ancentra— Feeding Concentrat | CP/EE,
ments energy (EE), tion EE, level, MJ/ ion CP. % IMJ
MJ EA MJ/kgDM WOT5 ’ g
1 30,09 + 2,24 8,86 £0,66 | 0,59+241 | 9,42+0,07 1%’75(;i
0,77+ 10,50+ 11,43 +
*%1,2 s 5 s
2 40,54+ 6,47 9,20 + 2,66 6,07%12 45,0g***12 251
31,89+ 8,55+ 0,61+ g’ﬁfllz. 10,62+
3 0,80***2’3 0,64**2’3 0,27***2,3 4;*6123_***2 3 ' 0,11***2,3

Note: * - probability of differences between experimental indicators at the trend level; ** - probability of

differences between experimental indicators at the p <0.05 level; *** -

experimental indicators at the p <0.01 level.

probability of differences between

Based on the data on the consumption and excretion of nutrients, their digestibility
was calculated (Fig. 1).
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Fig. 1. Nutrient digestibility of diets with 75 % uniformity of mixing.

The fluctuations of this indicator between experiments ranged from 2 % to 6 %.
But in the second experiment, compared to the control, the digestibility of crude protein
and crude fiber increased by 14 and 9 %, respectively. The apparent digestibility
throughout the gastrointestinal tract of the experimental animals due to the uneven mixing
of the components in the second and third experiments, compared to the control, did not
significantly change. When comparing the second and third experiments, a decrease in
digestibility by 5 % was observed for dry matter, organic matter and nitrogen-free
extractives, as well as a significant decrease in digestibility of crude protein (by 12 %)

(p <0.05).

It is known that the physiological state of the animal, its age, feeding conditions,
productivity and other factors affect the composition of the animal's blood. Thus, the
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results of biochemical studies (Table 4) of selected blood samples showed that the content
of total protein, as the main indicator of its use in the body, was higher in the third
experiment, in the second experiment this indicator had an intermediate value.

The content of albumins in the serum of heifers for all experimental groups of
animals was within the normal range and was approximately the same - 39 +~ 40 %. The
content of globulins went beyond the limits of physiological fluctuations (29 + 49 %) -
an increase of 22.7 % in the first experiment, 23.1 % - in the second and 25.2 % - in the
third. It can be noted that the urea content was within the physiological range (3.7 -
4.13 mmol / 1).

Table 4
Biochemical indicators of blood of experimental animals, (M+m), n =3
Tests 1 2 3

Total protein, g/l 62,73+0,31 66,87+1,89 69,67+0,94
Albumin,% 40,37+0,95 40,17+0,27 39,13+0,96
Total globulins,% 59,63+0,95 59,83+0,27 60,87+0,96
alg 0,67+0,03 0,70+0,01 0,63+0,03
globulins, % | a-1 5,0+1,26 4,37+0,82 2,77+0,33

0-2 14,63+3.36 14,80+0,95 14,90+2,60

B 14,83+1,31 15,67+1,72 16,70+1,47

y 25,17+0,17 25,03+0,55 26,50+0,87
Glucose, mol/l 4,50+0,12 4,80+0,19 4,90+0,17
lysozyme activity, 10-3g /I 0,70+0 1,39+0,61 0,70+0,12
alkaline reserve, mg% 254,67+18,42 227,67+18,41 272,33+£22,32
Urea, mmol/I 3,77+0,23 3,80+0,06 3,70+0,15
AST, units/I 40,00£1,15 41,33+0,88 38,00+1,15
ALT, units/I 27,67+£2,03 32,33+0,67 31,67+1,33
Creatinine, kmol/I 156,17£1,56 | 142,60+0,60*2 | 150,87+2,14%23
uAr::‘tz}:”e phosphatase, | 1 3319267 | 214,67426,69 | 300,0045,77<Le23

Note. * — probability of differences between the indicators of the experiments at the p <0.05 level.

The glucose content (the norm for young cattle is 2.5-3.5 mol/l) in the
experimental animals increased — from 4.5 mol/l in the first experiment to 4.8 mol/l in the
second and to 4.9 mol/l in the third experiment. The alkaline reserve of blood serum,
according to our data, was: 255 mg%, 228 and 272 mg%, respectively. This is below the
norm (460 — 580 mg%): in the first experiment — by 44.6 %, in the second — by 50.4 %
and in the third — by 40.9 %, respectively. A significant increase in alkaline phosphatase
activity was found by 42 % in the third experiment (before control) and by 40 % between
the second and third experiments.

Analysis of hematological parameters (Table 5) showed that in all experiments an
increase in the content of erythrocytes was observed, in the third experiment the number
of leukocytes increased slightly. The hemoglobin content in the blood of animals ranged
from 121.67 to 129.33 g/I.
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Table 5
Hematological parameters of the blood of experimental animals, (M+m), n=3
Tests 1 2 3
Erythrocytes, 10 %g/| 7,63+0,69 8,23+0,62*12 8,43+0,09
Hemoglobin, g/l 121,67+5,61 129,33+8,65 128,33+5,78
Leukocytes, g/l 8,73+1,16 9,73+0,16 12,47+3,03
Activity, % 52,00+9,24 42,67+7,42 50,67+1,33
Phagoc | index 3,40+0,12 4,70+0,46 4,07+0,62
ytic number 1,734+0,30 2,03+0,50 2,07+0,27
capacity 5,53£0,86 6,80+1,66 7,07+0,50
young 0 0 0
mf:tf;;p rodnucleate 3,3340,88 2.670,67 433=1.86
’ segmentnucleate 34,67+4,33 32,67+2.,93 27,00+9,61
Eosinophils 4,0+0,58 6,33+1,20 7,67£2,19
Basophils 0,33+0,33 0,67+0,67 0,67+0,33
Monocytes 0 0 0
Lymphocytes 56,00+4,62 55,33+3,39 58,33+6,69
Monocytes 1,33+0,33 2,33+0,88 2,00+1,00

Note. * — probability of differences between the experimental indicators at the p <0.05 level.

Discussion. Optimal uniformity of mixing ensures the same consumption of all
components of the diet by all animals, which should ensure, on the one hand, the same
nutritional value of the feed in all parts of its volume, and on the other hand, it is
unacceptable to grind coarse feed too densely. The use of mixtures of heterogeneous
composition for feeding animals significantly reduces their productive effect (Raab L.,
2009, Maekawa M. et al, 2002). Feeding young cattle with a feed mixture with a mixing
uniformity of 75 % in our studies had a slight effect on nutrient intake. As for the apparent
digestibility of nutrients throughout the gastrointestinal tract of experimental animals, it
varied depending on the nutritional value of the diet. Thus, an increase in the digestibility
of crude protein and crude fiber was observed when feeding a highly nutritious diet, while
feeding a low-nutrient diet led to a decrease in the digestibility of dry and organic matter,
crude protein, and nitrogen-free extractives. Feeding highly nutritious diets significantly
increased the provision of animals with energy and protein. And when consuming a low-
nutrient diet by young cattle, there was practically no effect on energy content, which is
consistent with our previous studies, where we indicated that the consumption of high-
and low-nutrient diets with increasing uneven mixing will lead to significant differences
in the intake of energy and nutrients from the feed by individual animals
(Yeletska T.O., 2014).

The indicators of most blood metabolites were within normal limits, and only
some of them slightly deviated beyond the physiologically permissible values. Thus, an
increase in the content of globulins may indicate an increase in the protective function of
the body, and an increase in the content of glucose may be associated with an increase in
the somatropic function of the pituitary gland and other hyperglycemic hormones.
(Yousefinejad S. et al., 2021). An indicator of the state of the blood plasma buffer system
is the alkaline reserve. A decrease in this indicator, according to our data, indicates a
limited buffer capacity to counteract acidification, which can be explained by the same
type of feeding with a predominance of corn silage in the diet, imbalanced mineral
nutrition and insufficient level of physiological mechanisms for regulating acid-base
balance due to long-term feeding of animals with unbalanced diets, which is indicated in
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the works (Nasrollahi S. M.. etal., 2019, Lukashynskyi V., 1987). The increase in alkaline
phosphatase activity when replacing 100% of the uniformly mixed feed mixture with feed
with an unevenly mixed fourth fraction is probably the result of inadequate feeding with
carbohydrate-containing feeds with easily absorbable bases (Utama D.T. et al., 2018). As
a result of the analysis of hematological indicators, it was found that as a result of the
experiment, both in the first and in the second and third experiments, moderate
erythrocytosis and physiological leukopenia were observed. A slight lymphocytosis was
also observed. This can be explained by the fact that in young growing organisms, which
have significant growth energy, the percentage of lymphocytes is always higher than in
adults. The hemoglobin content in the blood of animals corresponds to the physiological
norm for a given age (Peredriy N.N. et al., 2017).

Conclusions

1. It was found that when consuming a low-concentrate feed mixture with an
energy concentration in the diet of 8.9 MJ/kg dry matter and a crude protein concentration
of 9.7 % with a mixing uniformity of 75 % compared to the control diet (100 % mixing
uniformity), there were improbable changes in the consumption of nutrients by individual
animals.

2. When consuming a feed mixture with a mixing uniformity of 75 %, the
fluctuations in the apparent digestibility of nutrients throughout the gastrointestinal tract
of young cattle ranged from 2 % to 6 %. On a highly nutritious diet, the digestibility of
crude protein and crude fiber increased by 14 % and 9 %, respectively. On the low-
nutrient diet, there was a significant (p <0.05) decrease in digestibility by 5 % for dry
matter, organic matter and nitrogen-free extractives, for crude protein (by 12 %),
compared to the high-nutrient diet.

3. The energy and protein intake of animals increased significantly (p <0.01) on
the high-nutrient diet by 34.7 % and 11.5 %, respectively. Consumption of the low-
nutrient diet had virtually no effect on energy content.

4. Consumption of a 75 % uniform feed mixture led to a significant increase in
phosphatase activity by 42 % on the low-nutrient diet. Feeding a highly nutritious diet
significantly increased the content of erythrocytes by 7.9 %, while most hematological
and biochemical blood parameters fluctuated within the physiological norm for a given
age of animals.
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GENETIC ANALYSIS OF LINES OF HORSES OF THE HUTSUL

BREED OF DOMESTIC SELECTION
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Livestock farming institute of NAAS of Ukraine, Kharkiv, Ukraine

The article presents the results of an extended study and analysis of the
immunogenetic profile of lines of populations of horses of the Hutsul breed in Ukraine.

Considerable work is being carried out to preserve, improve and reproduce small
breeds of horses, one of which is the Hutsul breed.

The distribution of genetic variability, genetic structure between lines of the
Hutsul breed of horses and the transmission of alleles to descendants from the ancestors
were studied using certification by polymorphic blood groups.

A comparison of gene frequencies according to the spectrum of alleles of the main
D-system of blood groups of the lines of the Hutsul horse breed of domestic selection was
carried out. It was established that in the Goral line (stag-breeding stallion 85 Pedro)
the highest frequency of the Ddk allele (q=0.667). High frequency of the Ddk allele in the
Grobi line from the heir of the breeding stallion Grobi XV-10 SK/Aster (q=0.500), and
throughout this line (q=0.431). In the Gurgul line the highest frequency of the Dcgm
allele (gq=0.357). High frequency of the Dcgm allele in the lines of Ousora (Poland) (stag-
breeding stallion 52 Warnik 255) and Gurgul (stag-breeding stallion 81 Orlyk 024)
(g=0.400-0.529), respectively. The Ousor line from the heir of the stud stallion 82 Ousor
Vulkan is characterized by a high frequency of the Ddg allele (g=0.500) and throughout
this line (q=0.435).

The highest genetic indicators were obtained in the Gurgul line, the level of
polymorphism (Ne — 3.960), the lowest in the Goral line (Ne — 2.051). The Goral line
(stable stallion 85 Pedro) has the highest expected homozygosity coefficient (Ca — 0.488),
the lowest in the Gurgul line (Ca — 0.253).

The differences identified in the spectrum of active alleles of polymorphic blood
group systems indicate that each studied genealogical line of horses has a certain
“genetic passport”, which creates a practical information base for keeping lines and the
breed as a whole in Ukraine under genetic control.

Keywords: horses, lines, Hutsul breed, alleles, frequency, genotypes, genetic
indicators

TEHETHYHUM AHAJII3 JITHIA KOHEHA I'YIIYJIbCBKOI
MMOPOJIX BITYU3HSHOI CEJEKIIII

Oaena 3AJIEPUXIHA, =. c., https:orsid.org/0000-0002-8907-4908
Incruryr TBapunnunTea HAAH, Xapkis, Ykpaina

B cmammi euknadeno pesyrbmamu po3uupeHo20 GUEYEHHA Ma AaAHANIZY
IMYHO2EHEeMUYHO20 NPOQINI0 MK NONYAAYIU KOHel 2YYYIbCbKOi nopoou 8 YkpaiHi.

Ilposooumvca  3nauna poboma no 36epedceHHI0, BOOCKOHANEHHIO  Ma
BI0MBOPEHHIO MANOUUCETLHUX NOPIO KOHel, OOHIEIO i3 HUX € 2YYYIbCbKA NOPOOU.
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Po3noodin  cenemuunoi miHAUBOCMI, 2eHEMUYHOI CMPYKMYPU MIidC JIHIAMU
2YYYIbCbKOi NOpoou KOHel ma nepedaua aneneil HAwaokam 6i0 pOoOOHAYAIbHUKIG
BUBYUANIU 3a OONOMO20I0 amMeCmayito 3a NOIIMOPGHUMU SPYRAMU KPOBL.

30iticHeHo NOPIBHAHHSA 2EHHUX YACMOM 3a CNeKMPOM anenié ochosHoi D-cucmemu
2pYn Kposi NiHill KOHell 2yYYlbCbKoi Nopoou 8imuusHaHol cenexyii. Bcmanogneno, wo y
ainii Topana (scepebeyb—naionux 85 Iledpo) naiisuwa wacmoma anemo D (q=0,667).
Bucoxa wacmoma anenio D y ninii Tpo6i 6i0 cnadkoemys scepebysa-nuionuxa I po6i XV-
10 SK/Acmop (Q=0,500), a no eciu yiu ninii (Q=0,431). B ninii I'vypeyna naiisucoxa
yacmoma anemo DU™(q=0,357). Bucoka wacmoma aneno DOy ainiti Oycopa (Tlonvwa)
(orcepebeywb-naionux 52 Bapuix 255) ma [ypeyna (sicepebeysv-nuionux 81 Opauk 024)
(9=0,400-0,529) sionosiono. Qs ainii Oycopa 6i0 cnadkoemysi sxcepedys-niionuxa 82
Oycop Bynkan xapakmepua sucoxa yacmoma anemo DY (q=0,500) ma no éciii yiii ninii
(9=0,435).

Hatisuwi  ecenemuuni nokasuwuxu Oyau oodepxcaui 6 ninii Iypeyra pisens
nonimopgrnocmi (Ne — 3,960), naiinuocuuti 6 ninii I'opana (Ne — 2,051). B ninii' I'opana
(orcepebeywb-naionux 835 I[ledpo) navieuwuii koeghiyienm ouixysanoi comozuecomuocmi (Ca
—0,488), navnuscuuii 6 ninii I'ypeyna (Ca — 0,253).

Buseneni iominnocmi 3a cnekmpom Oitoyux anenié NOIiMOp@HUX cucmem epyn
KPOBI 8KA3YIOMb, U0 KONCHA OOCHIONCEHA 2eHeanN02iuHa JiHis KOHel 60J100I€ NeGHUM
«2eHeMUYHUM NACNOPMOMY, U0 CIMBOPIOE NPAKMUYHO IH(hopmayiliny 6a3y 0l 6e0eHHs
JIHIU ma 6 Yyiiomy nopoou 6 Yxkpaini nio ceHemudHum KOHMpOJieM.

Knrouoei cnosa: xowui, ninii, 2yyyivcoka nopooda, aneni, 4acmoma, 2eHOMUnNu,
2eHemuyHi NOKA3HUKU

The Hutsul horse breed is one of the few unique breeds in Ukraine. With a limited
gene pool of populations of this breed, it is a national achievement in horse breeding of
domestic selection. Unfortunately, little attention is now paid to it, as to all breeds in
Ukraine, responding to the issues of society and the requirements of the time. But with
the preservation and thorough genetic study of its small number in Ukraine and in
European countries, where the foreign gene pool of this population is located, we will be
able to research and transfer experience to other generations of our society in parallel.

As a result of studying the genetic structure of Hutsul horses, it was established
that the lines arose at the beginning of the 17th century, which originated from the
crossing of horses of southern and Mongolian origin in harsh mountain conditions.
According to the outstanding ancestors, the lines of Goral, Gurgul, Grobi, Ousor, Polyana
and Pietrosu were formed.

According to the State Stud Book Volume Il (Holovach M. Y., 2013), the first
line of the Hutsul breed was the line of the stallion Goral in the Lviv region, which was
the main one and from it came 7 stallions and 70 mares. In parallel, another line of the
stallion Grobi was established in Bukovina. From it came at that time 6 stallions and 28
mares, which were recorded in the registration book.

In the period between the First and Second World Wars, new lines were emerging,
one of them was the Gurgul line (Romanenko G.V. (2018). During the same period, the
lines already had more licensed offspring of stallions, from the Goral line - 18, Grobi -
13, Gurgul - 47. Now, in the post-war period, three genealogical lines of Goral, Grobi and
Gurgul were recognized in this breed.

Today, there are representatives of 5 lines of the Hutsul breed in Ukraine: Gurgul,
Grobi, Goral, Ousora, Pietrosu (Golovach M. Y., 2010).

From many years of selection work, genetic analysis and certification of the
Hutsul horse breed by blood group (Zaderykhina O. A., 2017, Rossokha V. 1., 2010),
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monitoring, (Podoba B. E., 2012) researchers determine that The gene pool of the Hutsul
breed combines the features inherent in riding and trotting breeds.

It is also extremely important in this work that in-depth immunogenetic analysis
provides a real opportunity not only to track the movement of markers across generations,
but also to control the inheritance of genes from the ancestor to his valuable successors.
As it was studied in the works of various researchers (Popadiuk S.S., 2019; Podoba B. E.,
2013; Efimenko M. Ya., 2005; Parasochka I. F., 2007), not only to use the latest PCR
methods (Behl R., 2007; Georgescu S.E., 2011; Rackauskaité A., 2021; Szilvia Kusza,
2013; Stachurska A., 2014; Xu L.X.,2012), but also in parallel immunogenetic methods
for blood groups, which complement each other (Mihok S., 2005).

The level of polymorphism is an important integral indicator that determines the
number of actively acting alleles in the line (Altukhov Yu. P., 1996). So are other
indicators of the genetic situation in the animal population.

Due to the high working capacity of horses of this breed in specific mountainous
and foothill areas of the Carpathian region, the development of rural tourism and methods
of hippotherapy of a number of nervous diseases, and taking into account the balanced
temperament, endurance, well-developed herd instinct, authentic need for contact with
humans, horses of the small Hutsul breed need to be studied and the gene pool preserved.
One of the components of scientific support for the preservation of the gene pool is the
identification of the gene structure according to polymorphic blood group systems.

The purpose of the research is to investigate genetic markers and genetic
indicators of the lines of the Hutsul breed of horses of Ukrainian selection.

Materials and methods of research. Immunogenetic studies of the D-system of
blood groups were performed on 96 blood samples of the Hutsul breed of horses of
domestic selection.

Immunogenetic certification of horses by blood groups was carried out according
to generally accepted methods (Burkat V. P., 2010; Hopka M. V., 2007; Rossokha V. 1.,
2016), (SOU 01.22-37-528: 2006.)". Serological testing was used to determine
erythrocyte alleles of complex polymorphic systems A and D, and monofactor systems C
and K. For differentiation of erythrocyte alleles, monospecific serum reagents were used,
which were identified with international standards (DSTU 1SO 8531:2015)'".

According to the results of testing and determination of genotypes, an analysis of
the immunogenetic structure of the studied horses of 4 lines of progenitor stallions was
carried out by antigens and alleles of blood groups, and the transmission of marker alleles
to the descendants of these genealogical lines.

Genetic analysis of the frequency of occurrence of alleles of polymorphic blood
groups and genetic indicators (level of polymorphism (Ne); coefficient of expected (Ca)
and actual homozygosity (H) for all loci; indicator of homozygosity realization (W);
deficiency of homozygotes (Def); information index (1), observed (Ho) and expected (He)
heterozygosity; unbiased expected heterozygosity (uHe); Wright's fixation index F (Fis))
of genealogical lines as a whole, as well as for the descendants of stud stallion of these

' SOU 01.22-37-528: 2006. Livestock. method for determining blood groups, polymorphic blood
proteins and expertise of the origin of pedigree horses. Kyiv: Ministry of Agrarian Policy of Ukraine, 2006.
26 p. (Standard of the Ministry of Agrarian Policy of Ukraine)

Il DSTU 150 8531:2015. Livestock.horses.methods for obtaining and storage of anti-erytrocyte

immunodiagnostics for identification of horses by polymorphic blood group systems. [Valid from 2017-
07-01]. Kyiv, 2015. 17 p. (Information and documentation).
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lines of the Hutsul breed were calculated by generally accepted methods using the
programs "Excel 2003", "GenAlEx 6.502" and "Statistica".

Research results. We have 5 lines, namely Grobi, Ousora, Gurgul, Gorala and
Pietrosu. The last line of Pietros continues with a descendant of the stud stallion 86 Pers,
bay-piebald, born in 2003 (sire 211 Baca, dam 23 GKr Perunka, owner of the National
Breeding Center "Plemkonetsentr™). Only two mares are certified in this line. It is not
possible to trace the stallions.

To date, we have studied only the first four lines.

The Grobi line is the first branched line with which work is being carried out in
Ukrainian stud farms. It comes from the stallion Grobi, light bay, born in 1895 (in
Bukovina).

His descendant is a stallion-breeder 84 Pegazik UA210000251, light bay, born in
2001 (father 10 GRz Lunak, mother 138 GRz Pelagia), place of birth Poland (PL), owner
of the National Breeding Association "Plemkonetsentr”. And the second descendant of
Grobi XV-10 SK/Astor, bay, 2011 (sire 4566 Grobi XV/ Grobi XII) birthplace and owner
of the NVA "Plemkonetsentr".

The second line of Ousor from a bay stallion born in 1929 (in Bukovina). His
descendants in the Ousor line are the stud stallions 82 Ousor Vulkan HL050870000,
mouse-colored, born in 2005, (father 3653 Ousor, mother 730 Grobi XXI-36), birthplace
Hungary (H), owner FG "Polonynske gospodarstvo” and the second descendant stud
stallion 52 Varnik 255, bay, born in 2002, (father 25 GRz Lotnik, mother 77 GRz
Wartka), birthplace Poland (PL), owner FG "Zarechie".

The third line is Gurgul, born in 1924 (in Eastern Slovakia). His descendants in
the Gurgul line are the stud stallions 74 Merkur Gu E 2-8, bay, born in 1985, (father
Gurgul Edo 11, mother 16 Dubrava Gu V-5), birthplace Czechoslovakia, owner Yaremche
National Park, the second descendant 81 Orlyk 024, bay, born in 2004, (father 54 Viter
048, mother 560 Ghilka 051), birthplace FG "Polonynske Gospodarstvo”, owner FG
"Polonynske Gospodarstvo" and the third descendant 69 Lukash Gu E-2-8, bay, born in
1984, birthplace Czechoslovakia, owner SFG "Maximov", who unfortunately died in
2001. He has a descendant of the stud stallion 47 Borzy, igrene suit, born in 1995, owner
of the KVI "Varto" from which he has 2 offspring stallions and 1 mare. And mainly from
69 Lukash only heiresses.

And the fourth line of Goral from a Karak stallion, born in 1899 (in the Hutsul
region). His descendants in the Goral line are the stud stallion 85 Pedro UA210000250,
bay suit, born in 2002, (father 77 GKr Sputnik, mother 72 GKr Panienko), place of birth
Poland (PL), owner of the NVA "Plemkonetsentr".

So we have 5 lines, namely Grobi, Ousora, Gurgul, Goral and Pietrosu. The last
line of Pietros continues with the offspring of the stallion-breeder 86 Pers, bay-piebald,
born in 2003 (father 211 Baca, mother 23 GKr Perunka, owner of the National Breeding
Association "Plemkonetsentr™). Only two mares have been certified in this line. It is not
possible to trace the stallions.

Today, these four lines are large and remain the leading ones in the Hutsul horse
breed (table 1). They have breeding qualities and a large number of stallions-breeders.
And the Gurgul line is slowly passing through the daughters of the stallion-breeder 81
Orlyk 024 into the Ousor line through the stallion-breeder 82 Ousor Vulkan.
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Table 1
Number of certified stallions and mares by genealogical line branches
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g | o 'z = Including
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Q c = P jut = %) = 3
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3] g | ® |2 7 @ S| 2|E|g|E| 2|3
4 o (] o2 S S S c = < O
o = > EG - n o E S g <
= ] c g S| &L | © S @
I o F S > | 3 > | ©
o m - <)
= o =
- 84 Pegasic 63 | 31 2 30 - -
S| 2 | 2 |-| GobyXv-10 | o | 5 | Al
O SK/Astor
< 82 Qusor 52 | 16 | 2 | - |34 | - | -
o Vulcan
) 2 2 | -
o 52 Varnik 255 17 5 - - 12 - -
81 Orlik 024 46 | 17 - - 29 - -
<_§ 74 Merkur Gu E 29 3 8 ) 9 9 i
>| 3 | 3 |- 2-8
>
o 69 Lukas Gu E- 13 1 9 i 9 1 i
2-8
]
Sl 1 [1]- 85 Pedro 24 | 9 | - | - | 15| - -
O

The largest number of certified offspring of stallions and mares in the Gurgul line
is 81 animals, the average in Grob is 70 animals and in Ousor is 69 animals. The fewest
animals have been certified in the Goral line — 24 (Table 2).

Thus, the largest number of offspring of stallions is traced in the Grobi line from
the stud stallion 84 Pegazik — 33 and the Ousor line from the stud stallion 82 Ousor
Vulkan —18.

The Ousor line from the heir of the stud stallion 82 Ousor Vulkan is characterized
by a high frequency of the Ddg allele (q=0.500) and throughout this line (q=0.435) (Table
3). The highest frequency of the Ddk allele is in the Goral line (stud stallion 85 Pedro)
(g=0.667). The high frequency of the Ddk allele is in the Grobi line from the heir of the
stallion-stud stallion Grobi XV-10 SK/Aster (g=0.500) and throughout this line
(g=0.431).

The highest frequency of the Dcgm allele in the entire Gurgul line (q=0.357). High
frequency of the Dcgm allele in the Ousor (Poland) (stag-breeding stallion 52 Warnik
255) and Gurgul (stag-breeding stallion 81 Orlyk 024) lines (q=0.400-0.529) respectively.

The highest frequency of the Dd allele in the Grobi line from the heir of the Grobi
XV-10 SK/Astor (g=0.500).
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Table 2
The number of certified stallions-breeders and mares in the section of
branches of genealogical lines

Number of active
Stallions Mares
C
Lines Branch " S S S 5| .5 | &
c = © c > < D +—
) o c > [38] o ®©
b S © S ° =y
c — 3 o] o
© ?’ o C [
S | = g g
o (<D} (@)] (@))
-
(@)]
Groby | 84 Pegasic 31 - 30 - - 63
Groby XV-10
SK/Astor 3 ) ) 4 ) i /
Total in 34| 2 | - | 34 | - - |70
the line
Ousora | 82 Ousor 16 5 ) 34 ) i 59
Vulcan
52 Varnik 255 5 - - 12 - - 17
Total in 21| 2 | - | a6 | - - | 69
the line
Gurgula | 81 Orlik 024 17 - - 29 - - 46
74 Merkur Gu
E 2.8 3 8 - 2 9 - 22
69 Lukas Gu
2.8 1 2 - 9 1 - 13
potatin 21 10 | - | 4 | 10| - |8
ine
Gorala | 85 Pedro 9 - - 15 - - 24

The low frequency of the Ddk allele (g=0.022), Dd (g=0.022) was in the Ousor
line, and the lowest Dd (q=0.018) in the Gurgul line.

The Dd and D" alleles are absent in the Goral line. And the Dad and D®9™ alleles
are absent in all lines of the Hutsul horse breed.

The Ousor line from the heir of the stud stallion 82 Ousor Vulkan is characterized
by a high frequency of the Ddg allele (q=0.500) and throughout this line (q=0.435) (Table
3). The highest frequency of the Ddk allele in the Goral line (student stallion 85 Pedro)
(9=0.667). The high frequency of the Ddk allele in the Grobi line from the heir of the stud
stallion Grobi XV-10 SK/Aster (q=0.500) and throughout this line (q=0.431).

The highest frequency of the Dcgm allele throughout the Gurgul line (q=0.357).
High frequency of the Dcgm allele in the Ousor lines (Poland) (student stallion 52 Warnik
255) and Gurgul (student stallion 81 Orlyk 024) (q=0.400-0.529), respectively.

The highest frequency of the Dd allele in the Grobi line from the heir of the
stallion-breeder Grobi XV-10 SK/Aster (g=0.500).

The low frequency of the Ddk allele (g=0.022) Dd (g=0.022) was in the Ousor
line, and the lowest Dd (q=0.018) in the Gurgul line.
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Table 3
Distribution of gene frequencies of D-system blood group alleles by lines of
Hutsul horses, M+m

Aleli
S
T8 | 3| &5 5| 8| %8
Lines
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. 0,258+ | 0,424+ | 0,106+|0,076+ | 0,121+ | 0,015+
= (sire Lunak) 10,000\ "5 654 | 0061 | 0038|0033 | 0040 | 0,015 %000
o (n=33)
=|Grobi XV-10 SK/
& Astor (sire 4566 0,500+ 0,500+
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| XII) (n=3)
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S : 0,200+ | 0,100+ | 0,400+|0,200+ 0,100+
¢ (Sire25GRz 100001 5157 | 0,095 | 0155|0127 | 090 | 095 | 400
s| Lotnik) (n=5)
o
= : 0,022+
O| Total by line 0.000 0,435+ 0.022"* 0,261+|0,087+ | 0,174+ | 0,022+ 0.000
(n=23)? ’ 0,073 |77 0,065 | 0,042 | 0,056 | 0,022 | ™
81 Orlik 024 0177+ 0,529 | 0,029 | 0,235 | 0,029
—| (sire Viter 048) | 0,000 6065 0,000 + + + + 0,000
X (n=17) ’ 0,086 | 0,029 | 0,073 | 0,029
3| 74 Merkur Gu E
K 2-8 0,318 | 0,091 | 0,046 | 0,227
o 1 ’ 1 1
§ (sire Gurgul Edo | 0,000 0630155 + + + + 0,000 0’80
S I ’ 0,099 | 0,061 | 0,044 | 0,089
1 =) 0,125 | 0,357 0,018
>
g Total by line 0.000 0,232+ + + 0’136 0’132 + 0,00
— 3 y * *
(n=28) 0,056 O,Qflm 0,0164 0,025 | 0,056 0,018 0
g 0,667
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IS (n=9)* 2 “2. 10,088 0,074
B %3
O

Note: * — P<0.05; **— P<0.01; *** — P<0.001; 1 —4 — lines of Hutsul horses here and below: 1 — Grobi
line, 2 —Ousor line, 3 — Gurgul line, 4 — Goral line
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The Dd and Dbcm alleles are absent in the Goral line. And the Dad and Dcegm
alleles are absent in all lines of the Hutsul horse breed.

No significant difference between the values of gene frequencies of the D-system
alleles of the blood groups of the Hutsul horse breed was found between the Ousor line
and the Gurgul line. There is also no statistically significant difference between the Grobi
line and the Goral line.

In general, no statistically significant differences were found between the allele
indices. But there were differences that should be noted.

Thus, statistically significant (significant) differences were found in the Dcgm
allele frequencies (P<0.05) between the Grobi line and the Gurgul line.

When comparing the Ddk allele gene frequencies (P<0.01) between the Gurgul
line and the Grobi line, differences were found at a high level. The same trend was found
between the Gurgul line and the Goral line, respectively.

According to the Ddg allele gene frequencies (P<0.01) between the Ousor line and
the Goral line, differences were found at a high level.

In comparing the gene frequency indices for the Ddk allele (P<0.001) between the
Ousor line with the Grobi line and Ousor from Goral, respectively, differences were found
at the absolute level of statistical significance.

Table 4 presents stallions-breeders with homozygous and heterozygous genotypes
according to the D-system of blood groups, which have the largest sample of offspring
and have passed immunogenetic certification at Livestock farming institute of the NAAS.

Table 4
Genotypes according to the D-system of stud stallions of the Hutsul breed,
admitted for breeding use

Number of offspring
Breeding stallions f in the line
1 from which the s " Total
= largest number of = 5 4 = offspring
offspring was R} = g IS by lines
obtained @
= 84 Mera3ik Dg/dk 33 30 63
Q posi XV-10 N A 7 70
O SK/Actop
<
% 82 Oycop Bynkan Dde/dg 18 34 52
n 69
8 52 Bapwik 255 Degm/dg 5 12 17
< 81 Opusuk 024 Degmide 17 29 46
O | 74Mepkyp GE2-8 | DUl 11 11 22 o1
S | 69Jykam GUE-28 | s | 10 | 1
O (maB y 2001 p.)
<
-
<
% 85 Ieapo Ddk/de 9 15 24 24
)
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So we see that in the Gurgul line there is a homozygous offspring of the stallion-
breeder 74 Merkur G E 2-8.

And we state that in the Gurgul line one of the Dde alleles is inherited, because it
is in the offspring of the stallions 81 Orlyk 024 and 74 Merkur G E 2-8. And in the Ousor
line one of the Ddg alleles is transmitted.

A study was conducted on the inheritance of alleles of 4 lines of Hutsul horses
(Table 5). Thus, in the Grobi line, the heir of the stallion-stud stallion 84 Pegazik (n=33),
the Ddg allele was transmitted to his 14 offspring of stallions, and the Ddk allele to 19
offspring. But in this line, the heir of the stallion-stud stallion Grobi XV-10 SK/Astor
(n=3), the Dd allele was transmitted to 3 offspring, and the Dcgm allele was not
transmitted.

Table 5
Transmission of marker alleles to offspring from stud stallions of the Hutsul breed
Nickname and Number of offspring
) of stallions
z according to —
4 DKPK n, @ % 2
heads 2 =
I o | s| X |85 ¥
= =
= S

< 82 Ousor Vulcan 18 de dg 5 33 12 67
8 | 52 Vamik 255 11,845
o) 5 cgm | dg 4 80 1 20
> 84 Pegasik 33 | dk | dg | 19| 58 | 14 | 42
Q Groby XV-10 17,082
O SK/Astr 3 |egm| d [ 0] O 3 | 100
< | 810rlik024 17 | de |cgm | 3 | 18 | 14 | 82
3 |74 Merkur G E 2-8 9,134
§ 11 | de | de | 5| 45 | 0 | ©
< 85 Pedro
% 9 de | dk | 1| 11 | 8 | 89 | 2250
O]

In the Ousor line, the heir of the stallion-stud stallion 82 Ousor Vulkan (n=18),
the Dde allele was transmitted to 6 offspring of stallions, and the Ddg allele to 12
offspring. In the same line, in the heir of the stallion-stud stallion 52 Varnik 255 (n=5),
the Ddg allele was transmitted to one offspring, and the Dcgm allele was transmitted to 4
offspring.

In the Gurgul line, in the heir of the stallion-stud stallion 81 Orlyk 024 (n=17), the
Dde allele was transmitted to 3 offspring, and the Dcgm allele to 14 offspring. In the same
line, in the heir of the stallion-stud stallion 74 Merkur Gu E 2-8 (n=11), the Dde allele
was transmitted to only 5 offspring.
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But in the Goral line, in the heir of the stallion-stud stallion 85 Pedro (n=9), the
Ddk allele was transmitted to 8 offspring, and the Dde allele to one.

A genetic and population analysis of 4 lines of stallions-stud stallion of the Hutsul
breed was conducted.

Genetic indicators of genealogical lines of the Hutsul breed were calculated by
lines as a whole, as well as by the descendants of the stallions-stud stallioning of these
lines (Table 6).

Table 6
Genetic indicators by lines of the Hutsul horse breed
Line | GO-
RA GROBY GURGULA OUSORA
LA
0]
o ! C
o G
o518 |8 |§ |88 |2 |2 |3 |2 |%
c=| a S 3] ><| © = S 5] 5 -
T 8| n = o av| kF e < (o D ©
O »n| oo < o wn o5} = >
) (o) = i (@] o~
= O & = ~ P
O NI 0

9 36 33 3 28 17 11 23 18 5
4,000| 6,000| 6,000 | 2,000|6,000| 5,000 | 5,000 | 6,000{ 4,000 | 5,000
2,051 3,692| 3,594 | 2,000|3,960| 2,714 | 3,781 | 3,380| 2,842 | 3,846
0,488 0,375| 0,278 | 0,5 |0,253| 0,369 | 0,265 | 0,296]| 0,352 | 0,26
0,97411520| 1,466 | 0,6 |1,497| 1,191 | 1,424 | 1396] 1,176 | 1,471
0,049| 0,004| 0,005 0 ]0,008| 0,017 | 0,008 | 0,004| 0,006 0
0,101] 0,010/ 0,017 0 0,030 0,047 | 0,031 | 0,013| 0,018 0
Ho |0,556|0,861| 0,848 | 1,000/0,786| 0,706 | 0,909 | 0,913| 0,889 | 1,000
He ]0,512|0,729| 0,722 | 0,500|0,747| 0,631 | 0,736 | 0,704| 0,648 | 0,740
Def 10,044 -0,132| -0,126 | -0,5 |-0,245| -0,075 | -0,173 | -0,29 | -0,241 | -0,26
uHe | 0,542| 0,739| 0,733 | 0,600| O0,761| 0,651 | 0,771 | 0,720| 0,667 | 0,822

sz~ 073

The highest level of polymorphism in our line Gurgul (Ne — 3.960), the average
level in the line Grobi (Ne — 3.692) and in the line Ousor (Ne — 3.380). The lowest in the
line Goral (Ne — 2.051).

The highest coefficient of expected homozygosity (Ca) in the line Goral (stallion-
stud stallioning 85 Pedro) (Ca — 0.488), the lowest in the line Gurgul (Ca — 0.253). And
if by stallions-stud stallioning, then the highest in the line Grobi (stallion-stud stallioning
Grobi XV-10 SK/Astore (Ca — 0.5)).

According to the indicator of homozygosity realization (W), it is the highest in the
Goral line (W — 0.101) in the stud stallion 85 Pedro, the lowest in the Grobi line (W —
0.010).

The deficit of homozygotes in our country was the highest in the Ousor line
(-0.29).

Discussion. Most cultural and historical arguments for conservation are not based
on genetic information, but our study results can be used in the development of a breeding
strategy for horse breeding in Ukraine. Various molecular genetic studies, as well as
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immunogenetic studies, allow us to follow, and even further control, the movement of
markers from generation to generation from the ancestor to the offspring. Such work is
carried out in parallel with the latest DNA technologies, which complement each other.

Since there are only a few genetic studies of the endangered Hutsul horse, the aim
of this work was to provide new information to horse associations about the population
structure, genetic characteristics and genetic origin of the Hutsul horse, as well as its
relationship among other horse breeds. We hope that our results will be useful for
conservation plans and breeding strategies for the breed.

As a brief summary of our results, we conclude that the immunogenetic analysis
of each of the four studied lines of the Hutsul breed has its own specific feature in the
distribution of alleles of the D-system of the blood group.

Conclusions:

1. All four lines of the Hutsul breed of horses have a unique, reliably different,
immunogenetic profile.

2. In the genealogical lines of the Hutsul breed of horses, the transmission of
alleles was inherited as follows:

a) in the Grobi line of the heir of the stud stallion 84 Pegazik, the Ddg allele was
transmitted to his 14 offspring of stallions, and the Ddk allele to 19 offspring. In the heir
of the Grobi XV-10 SK/Aster, the Dd allele was transmitted to 3 offspring, and the Dcgm
allele was not transmitted;

b) in the line of the heir of the stud stallion 82 Ousora Vulkan, the Dde allele was
transmitted to 6 offspring of the stallions, and the Ddg allele to 12 offspring. In the heir
of 52 Varnik 255, the Ddg allele was transmitted to one offspring, and the Dcgm allele
was transmitted to 4 offspring;

c) in the line of the heir of the stud stallion81 Orlyk 024, the Dde allele was
transmitted to 3 offspring, and the Dcgm allele to 14 offspring. In the heir of 74 Merkur
Gu E 2-8, the Dde allele was transmitted to only 5 offspring;

d) in the line of the heir of the stud stallion 85 Pedro, the Ddk allele was
transmitted to 8 offspring, and the Dde allele to one.

3. The highest frequency of the Ddk allele in the Goral line (stud stallion 85 Pedro)
(9=0.667). High frequency of the Ddk allele in the Grobi line from the heir of the Grobi
stallion XV-10 SK/Astor (g=0.500) and throughout this line (q=0.431). The highest
frequency of the Dcgm allele throughout the Gurgul line (g=0.357). High frequency of
the Dcgm allele in the Ousor (Poland) lines (stud stallion 52 Warnik 255) and Gurgul
(stud stallion 81 Orlyk 024) lines (q=0.400-0.529) respectively. The Ousor line from the
heir of the 82 Ousor Vulkan is characterized by a high frequency of the Ddg allele
(9=0.500) and throughout this line (g=0.435).

4. According to genetic indicators: the highest level of polymorphism in the
Gurgul line (Ne — 3.960), the lowest in the Goral line (Ne —2.051). The highest coefficient
of expected homozygosity (Ca) in the Goral line (stud stallion 85 Pedro) (Ca — 0.488),
the lowest in the Gurgul line (Ca —0.253). According to the breeding stallions, the highest
in the Grobi line (stud stallion Grobi XV-10 SK/Astore (Ca — 0.5). According to the
homozygosity realization indicator, the highest in the Goral line (W — 0.101) in the
breeding stallion 85 Pedro, the lowest in the Grobi line (W — 0.010). The deficit of
homozygotes in our country was the highest in the Ousor line (-0.29).
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MICROSCOPIC STRUCTURE OF THE GIZZARD OF THE
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The features of the histological structure and morphometric indicators of the
microstructures of the gizzard (ventriculus gastris s. pars muscularis) of budgerigars of
9 age groups were determined: 1-, 3-, 7-, 14-, 21-day-old, 1-, 2-, 6-month-old and 1-year-
old. It was confirmed that the wall of the gizzard consists of four membranes: mucous,
submucosa, muscular and serous. The mucous membrane is formed by two layers: the
lamina propria and the epithelial layer, the surface of which is covered with cuticle. The
lamina propria, formed by loose fibrous connective tissue, contains densely located
simple tubular weakly branched glands throughout its depth that produce keratin. The
lamina propria is composed of a deep layer containing secretory departments of glands
with an expanded base and a superficial layer containing villi that function as excretory
ducts, along which liquid secretion moves from the depths of the secretory departments
to the surface of the mucous membrane and which has the form of columns that are
oxyphilically stained. The epithelial layer of the mucous membrane is represented by a
single-layered single-row prismatic epithelium, the cells of which have a weakly oxyphilic
cytoplasm and a basally located oval-shaped nucleus. The muscularis mucosae is not
found in the composition of the mucous membrane. The submucosa formed by densely
arranged bundles of mainly collagen fibers, connects the mucous and muscular
membranes. The muscular membrane consists of a single layer, which is built of
contractile elements of unstriated muscle tissue and thin fibers of connective tissue. Age-
related features of morphometric indicators of microstructures of the budgerigar gizzard
were an increase in the thickness of the cuticle, mucous and muscular membranes with
age and a decrease in the depth of the glandular portions of the tubular glands. The
greatest thickness of the cuticle was in parrots 6 months to 1 year old, and the greatest
depth of the glands that produce it was in chicks 1-21 days old.

Keywords: budgerigar, gizzard, histological structure, age-related features,
morphometric indicators.
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MIKPOCKOIIIYHA BYJIOBA M S130BOi UACTUHMU LILJIYHKY
XBUJISICTOI'O MAITYKKU (MELOPSITTACUS UNDULATUS)
PI3HOI'O BIKY
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JdepxaBHuii 0ioTeXHOJOTiYHMH YHiBepcuTeT, M. XapKiB, YKpaiHa

Busnauanu ocobnueocmi cicmonociunoi 6y008u i Mopphomempuuni nOKA3HUKU
MIKPOCMPYKIMYP M 530801 YACMUHU WILYHKY (WTYHOYKA WIYHKY) XGUAACMO20 NANYHCKU
9 gixosux epyn: I-, 3-, 1-, 14-, 21-00b06020, I-, 2-, 6- micaunoeo i I-piunoco 6iky.
1liomeepodiceno, wo cminka M 5130600 4acCMuHU WIIYHKA CKIAOAEMbCA 3 YOMUPLOX
000NOHOK: CIU30801, NIOCIU3080i, M 30801 i ceposnoi. Ciuzosa 0060IOHKA YMEOpeHAa
080Ma WApPaMu. 6AACHOI0 NAACMUHKOIO [ enimenianoHuM Wapom, NOBepXHS K020
eéKpuma Kymukyiow. Bnacha nnacmumka, wo ymeopeHa NyXKow 60J10KHUCMOIO
CNOJYYHOKN MKAHUHOIO, HA 6CIU 2AUOUHI MICmMums WINbHO PO3MAWOBAHI NPOCMI
mpyouacmi c1abo po32anyxiceni 3an03u, AKi npooyKyloms Kepamus. Y ckuadi é1acHoi
NIACMUHKY  BUOLIEHO 2NUOOKULL wap, wo MICMUums CcekpemopHi 8i00inu 3ano3 i3
PO3UUPEHOI0 OCHOBOIO [ NOBEPXHEGULl Wap, WO MICMUmMs 60PCUHKU, WO BUKOHYIOMb
@DYHKYIIO BUBIOHUX NPOMOKIB, NO AKUM NepemMiuacmvcs pIiOKUll cekpem 3 2auOUHU
CeKpemopHux 8i00iNi6 Ha NOBEPXHIO CIU30801 0OONIOHKU | AKULL MAE Popmy CMOBNYUKIE,
wo oxcughinono  3abapenmoiomvci.  Enimenianohuti  wap  cauzooi  00010HKU
npeocmasieHull 0OHOWAPOBUM OOHOPAOHUMU NPUSMAMUYHUM  enimeniem, KiimuHu
AKO20 MaOMyb C1A60 OKCUPIIbHY Yumoniasmy i 06a3aibHO po3mauio8aHe O08aNbHOI
Gdopmu s10po. M’sa3060i nnacmunku 6 ckiaoi ciuzo60i 00010HKU He susisneno. Iliociuzosa
OCHO6A, WO YMEOPEHA WIIbHO PO3MAULOBAHUMU NYUKAMU NEPEBANCHO KOIA2EHOBUX
B0JIOKOH, CHRONYYAE Midc €000 Cau308y i M’a308y o0bonouky. M’a306a obonouka
CKIA0aemvbcsi 3 00HO20 wiapy, wo noOy00o8aHuti 3 CKOPOMAUBUX —eleMeHMI8
HENnocMy208aHOI M 5130601 MKAHUHU [ MOHKUX B0JIOKOH CHOLYYHOI MKanunu. Bixoeumu
0CcOOIUBOCAMU MOPPOMEMPUYHUX NOKAZHUKIE MIKPOCMPYKMYP M A3080i 4acmunu
WUTYHKY XGUAACMUX NANYHCOK OVI0 30I1bULeHHs 3 8IKOM MOBWUHU KYIMUKYIU, CAU3080I |
M 30801 000]10HOK | 3MEHUIEHHS 2IUOUHU CEKPEeMOPHUX 810016 mMPYOKONOOIOHUX 3a103.
Haiibinowa moswuna xymuxkyiu oyna y nanyxcok 6-micaunozo — l-piunoeo 6ixy, a
HatOibwa enubUHa 34103, Wo 1020 npodykKyroms, y nmautensm 1-21-00606020 6iky.

Knrouogi cnoea: xsunacmuii nanyxicka, WiIyHO4OK WILYHKY, 2icmono2iuna 6y00aa,
8IK08I 0cobauU8oCmi, MOpGHoMempuuHi NOKAZHUKU.

Introduction. Parrots are kept in captivity for their color, vocal abilities,
longevity, behavior, and also for the purpose of preserving them as a biological species
(Larcombe S. D. et al., 2015). They are known for their complex cognitive and
communicative abilities, are social animals and require many interactions. The most
famous and widespread psittacines include budgerigars (Melopsittacus undulatus), which
are considered the best wild birds to keep in captivity at home (Pekmezci D. et al., 2020).
In recent years, amateur breeding of parrots has contributed to their appearance in the
wild in countries where they were not previously found. Thus, in less than two years,
2,675 specimens of parrots of 49 species were found in the wild in Poland. Moreover,
they were most often observed in regions characterized by a larger population, higher
income and a share of people with higher education (Wazna A. et al., 2024). It is known
that exotic birds kept by humans as companion animals can be carriers of
zooanthropozoonoses (Boseret G. et al., 2013; Yetismis G. et al., 2022). However, for
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parrot owners, the main problem is their feeding. Most of them do not know how to feed
their birds in a healthy way, and sometimes veterinarians and ethologists are faced with
dramatic situations. It is believed that parrots in the wild in Australia, from which they
have spread throughout the world, can balance their diets. According to Eggleston K. A.
etal. (2019), in the wild in Australia, budgies feed mainly on seeds of grasses of the genus
Astrebla, which are different from commercially available food. However, owners of
companion birds often refuse to transfer them to complete pelleted food due to the
difficulty of the transition (Cummings A. M. et al., 2022). At the same time, seed-based
diets contain excess fat, low calcium to phosphorus ratios, are nutrient-deficient and
monotonous. As a result, birds are fed a mixture of seeds, foods, and formulated diets
(Brightsmith D. G., 2012). Balanced diets are needed, which are a key factor in
maintaining the health of parrots (Orosz S. E., 2014).

Inconsistency of diet with natural needs leads to digestive diseases, which are
common in parrots and often have similar clinical signs (Langlois 1., 2003). A number of
stomach diseases of both infectious and non-infectious etiology, including oncological
ones, are common in parrots. Information on age-related features of the digestive system
of both budgerigars and other parrot species is generally absent (Péron F. & Grosset C.,
2014). As indicated by Eggleston K. A. et al. (2019), our knowledge of parrot nutrition is
based on data from domestic chickens (Gallus domesticus), which became the basis for
dietary recommendations for companion birds, which leads to a high risk of disease in
them. The nutritional needs of young birds of different ages are even more unclear than
for adult birds, and malnutrition among them is a common phenomenon. Currently, the
issue of feeding, maintenance and medicine of old parrots is relevant (Lightfoot T. L.,
2010; Reavill D. R. & Dorrestein G. M., 2010). There is no consensus among feed
manufacturers regarding proper nutrition during parrot breeding (Cornejo J. et al., 2021).
A basic understanding of the fine structure and physiology of the digestive organs is a
necessary condition for the integration of pathophysiological and clinical signs associated
with various disease processes, the compilation of feeding rations.

The aim of the study was to establish the features of the microscopic structure,
determine the morphometric indicators of the microscopic structures of the muscular part
of the stomach of the budgerigar (Melopsittacus undulatus) during the first year of the
postnatal period of ontogenesis.

Materials and methods of research. The material for the preparation of
histological preparations were samples of the gizzard of budgerigars of 9 groups: 1-, 3-,
7-, 14-, 21-day-old, 1-, 2-, 6-month-old and 1-year-old (n=5). The birds were kept and
manipulated in accordance with the European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific Purposes (Strasbourg, 1986). The
diet of the parrots was a grain mixture, which included yellow, white and red millet,
canary flax and sunflower seeds, oats. The diet included sand, as well as dried vegetables
and fruits. In addition, a boiled chicken egg was periodically introduced into it. Fresh
water was constantly available. After hatching, the female fed the chicks with “crop
milk”, and later with grain soaked in the wild.

Samples of the gizzard were taken from the same place in its middle part, fixed in
7-10% aqueous solution of neutral formalin. Histological preparations were prepared
according to the classical histological technique. Paraffin sections were stained with
hematoxylin and eosin, as well as Mallory. Histological preparations were studied and
illustrations were made on a “Jenamed 2 microscope (Carl Seiss Jena, Germany). The
size of the microscopic structures of the was determined using an ocular grid. The
thickness of the muscular membrane of the was determined at the place of the greatest
thickness of the thick muscles of the gizzard. The obtained digital indicators of the
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structures were processed using a one-factor analysis of variance (ANNOVA) using the
Biostat LE 7.3 program with the definition of the arithmetic mean — M and its standard
deviation — Sd. The significance of the difference in the values of the indicators between
age groups was determined according to the Tukey test, where the difference was
considered significant at p<0.05.

Research results. In the gizzard of the budgerigar, we identified four membranes:
mucous, submucosa, muscular and serous. On the surface, the mucous membrane is
covered with a cuticle. Two layers were identified in the composition of the mucous
membrane: epithelial and lamina propria (Fig. 1). The muscularis mucosae in the
composition of the mucous membrane was absent.

Fig. 1. Gizzard of a budgerigar of 6 months of age. Histological preparation.
1 — cuticle; 2 — lamina propria of the mucous membrane; 3 — villi; 4 — glandular
portions; 5 — submucosa; Mallory staining.

Under the cuticle, in the composition of the lamina propria of the mucous
membrane of the budgerigar’s gizzard, a glandular layer was located. In the composition
of this layer, its upper part, adjacent to the cuticle, contained villi (Fig. 2), and the lower
part — glandular layer of branched tubular glands, consisting of two or three glandular
portions (Fig. 3). In the composition of the glandular portions in the form of thin strands,
and in the space between the villi in the form of wide homogeneous strands, there was a
secret from which the cuticle was formed. The lower part of the glandular portions was
expanded.
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Fig. 2. Glands of the lamina propria of the mucosa of the gizzard of a 21-day-
old budgerigar in transverse and longitudinal sections. Histological preparation. A
— transverse section of villi; B — longitudinal section of villi; C — transverse section
of glandular portions; 1 — core of villi; 2 — epitheliocytes of villi; 3 — glandular
secretion; 4 — submucosa; 5 — muscular membrane; 6 — cuticle; stained with
hematoxylin and eosin.

Fig. 3. Gizzard of a 2-month-old budgerigar. Histological preparation. 1 —glandular
portions; 2 — glandular secretion; 3 — loose fibrous connective tissue of the lamina
propria; 4 — submucosa; Mallory staining.
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In 1-3-day-old budgies, despite the presence of secretion between the strands of
cells that formed the glands, there was no clear division into glandular portions and
excretory ducts in the glandular layer (Fig. 4), which indicates active processes of

morphogenesis.
“X
-9 1
! 1 |

Fig. 4. Glands of the lamina propria of the the gizzard mucous membrane of
a budgerigar of 3 days of age. Histological preparation. 1 — villus; 2 — glandular
portions; 3 — glandular secretion; 4 — loose fibrous connective tissue of the core of
the villi; 4 — submucosa; staining with hematoxylin and eosin.

The thin serous membrane of the budgerigar gizzard consisted of a thin connective
tissue plate and mesothelium. Sometimes ganglia of the nervous plexus were found under
the serous membrane.

The core of the villi and the space between the secretory sections of the glands
were built from loose fibrous connective tissue, in which its cells and fibers, as well as
small blood vessels, were found. The core of the villi and the space between the secretory
sections of the glands were built from loose fibrous connective tissue, in which its cells
and fibers, as well as small blood vessels, were found. Epitheliocytes of both the villi and
the glandular portions had a prismatic shape, basophilic cytoplasm and a round-shaped
nucleus with clearly visible grains and pockets of heterochromatin and one or two
nucleoli.

Between the mucous and muscular membrane of the budgerigar’s gizzard, in the
form of a wide layer, consisting mainly of a dense plexus of connective tissue fibers, was
the submucosa. In its composition, both blood capillaries, arterioles and venules were
found. Macroscopically, on the transverse section of the gizzard, on its opposite sides, the
thick muscles of the stomach — m. crassus cranioventralis and m. crassus caudodorsalis
— were clearly distinguished by their convex shape, which were connected to each other
by two thin connective tissue plates of intermuscular tendons — centrum tendineum.
Microscopically, the muscular membrane, which was formed by the thick muscles of the
stomach, consisted of one layer, which had a circular orientation of bundles of smooth
muscle tissue, which were separated from each other by thin connective tissue fibers.
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According to the results of morphometric studies, the smallest value of the cuticle
thickness of the gizzard was established in chicks of 1 day of age (Table 1). With age, it
gradually increased and reached the largest value — 470.6+40.0 um at 1 year of age.
During the first month, it increased by 25.7%, during the second — by 22.1%. During the
first month, during the first week, it increased by 118.3%, during the second — by 6.4%,
during the third — decreased by 6.5%, during the fourth — increased by 3.9%.

Table 1
Morphometric parameters of the cuticle, mucosa and submucosa of the gizzard of

budgerigars 1-day-old - 1-year-old (um, M+Sd, n=5)

Age Mucosa Cuticle Submucosa rmlrﬁglrjgre
g thickness thickness thickness .
thickness
1 day 271,6+28,7" 140,2+11,22 18,6+1,1 3171,24324,72
3 days 3572423 3¢ 174,6+19,2%° 25,2408 | 4031,3+297,6°
7 days 287,8+26,8"° 306,0+26,7° 28,2+1,1 | 4337,2+316,3"
14 days 265,2+18,3° 325,6+37,3%° 294+1,1 | 5326,4+402,3
21 days 275,0+25,9%° 304,4+27,8° 28,6+1,1 | 5626,4+381,7%
1 month 217,4+13,12 316,4+29,2 292+1,8 | 6251,1+406,5¢
2 months 219,8+23,5% 386,2427,0° 26,4409 | 6591,6+424,7¢
6 months 227,6+25,1% 455,8+31,1¢ 34,9+3.7 5046,8+322,2°
1 year 236,1+19,1%° 470,6+40,0¢ 37,742,0 | 5384,1+340,8%

The smallest value of the height of the villi in the glandular layer of the gizzard
mucosa — 96.0+15.4 um was found in 1-month-old parrots, the largest — 152.4£11.7 pm
in 3-day-old birds (Table 2). At the same time, the largest values of the depth of the
glandular portion were found in 1-day-old parrots — one month old, the smallest — in
parrots aged 2 months to 1 year. Moreover, the maximum value of this indicator —
204.8+14.2 um was found in 3-day-old birds, the minimum — 95.6+9.3 um in 6-month-
old parrots.

In general, the highest values of the thickness of the gizzard mucous, which
consisted mainly of glands, were characteristic of birds 1-21 days old. The maximum
value of this indicator — 357.2423.3 um was established in 3-day-old chicks. In older
birds, the thickness of the glandular layer of the mucous was smaller and amounted to
217.4£13.1 — 236.1+19.1 um.

The thickness of the muscular membrane was the smallest in 1-day-old chicks,
and then it increased until 2 months of age. In parrots 6 months and 1 year of age, its
thickness was smaller. Moreover, during the first month it increased by 97.1%, and during
the second — by 5.4%. During the first month, during the first week, it increased by 36.8%,
during the second month, by 22.8%, during the third month, by 5.6%, and during the
fourth month, by 11.1%.

Compared with 1-day-old birds, at 1-year-old birds, the thickness of the cuticle of
the gizzard was 235.7% greater, the mucous membrane was 13.1% less, the submucosa
was 102.7% greater, and the muscular membrane was 69.8% greater.

The thickness of the submucosa of the gizzard wall was the smallest in 1-day-old
budgerigars and was 18.8 pum, the largest in 6-month-old and 1-year-old birds and was
35.3 and 37.5 um, respectively. In the period from 3 days to 2 months of age, it was 25.0-
29.4 pm.
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Table 2
Morphometric parameters of the glandular layer of the gizzard of budgerigars
1 day old - 1 year old (pnm, M£Sd, n=5)

Age Height of villi Depth of g.landular Width of _
portion glandular portion
1 day 108,4+19,0 163,2£19,9¢ 35,5+2,9%
3 days 152,4+11,7° 204,8+14,2¢ 32,543,320
7 days 103,2+17,9% 184,624 4% 35,3+3,9%
14 days 101,2+16,6® 164,0+18,2¢ 36,8+2,9°
21 days 119,8+12,220 155,2+13,9° 42,6+2,2°
1 month 96,0+15,4? 121,4+9,6" 37,0+3,8%
2 months 121,8+17,7%° 98,0+13,8% 40,6+4,7"
6 months 132,0+11,8° 95,6+9,32 32,443,8%
1 year 128,3+16,1%° 107,8+9,0%° 30,3+3,92

The largest values of the width of the glandular portion of the glands — 32.5+3.3
—42.64+2.2 pym were determined in parrots aged from 1 day to 2 months, the smallest —
30.3+3.9 — 32.443.8 um — in older birds.

Discussion. Knowledge of the anatomy and physiology of the gastrointestinal tract
is necessary to determine the ability of a species of bird to use a particular type of feed,
which can be used to create a nutritionally adequate diet. Understanding the factors that
influence the choice of an appropriate diet allows poultry farmers, veterinarians and
nutritionists to successfully keep and breed these birds (Koutsos E. A. et al., 2001).

In the gizzard of the budgerigars, we identified four membranes: mucous,
submucosa, muscular, and serous, which is consistent with the data of Al-Saffar F. J. &
Al-Samawy E. R. M. (2014), Beheiry R. R. (2018) regarding the structure of this organ
in birds. The cuticle covering the mucous membrane from the surface is known to be a
product of the activity of its glands (Bartels T. et al., 1998; Rossi J. R. et al., 2005). As
indicated by Abumandour M. M. A. (2014), its thickness depends on the type of bird and
food. Two layers were identified in the composition of the mucous: epithelial and lamina
propria. We did not detect a muscularis mucosae. These facts are consistent with the
information of Matsumoto F. S. et al. (2009); Beheiry R. R. (2018), Ahmed Y. A. et al.
(2011) regarding its absence in budgerigars, domestic turkeys, quails and contradicts the
data of Feder F. H. (1969), according to which it can be clearly seen in the wall of the
gizzard of budgerigars, since it is separated from the muscularis mucosae by a layer of
connective tissue. Al-Samawy E. R. M. et al. (2021) in the wall of the gizzard of the
African grey parrot (Psittacus erithacus) observed the muscularis mucosae as a thinner
layer of circularly arranged bundles of cells separating the lamina propria from the
submucosa.

The lamina propria of budgerigar gizzard contained a glandular layer under the
cuticle, which is consistent with the data of Rossi et al. (2005); Ahmed et al. (2011). The
glandular layer is a tubular gland contained in the loose connective fibrous tissue of the
lamina propria. It consists of an outer layer formed by villi that act as excretory ducts and
an inner layer formed by the glandular portions of the glands. It should be noted that some
researchers indicate that the outer layer of the lamina propria of the mucous membrane
contains crypts, i.e., the immersion of the epithelial layer into the lamina propria (Zaher
M. et al., 2012; Qureshi A. S. et al., 2017), or represents its folds (Rodrigues M. N. et al.,
2012). However, as can be seen from Fig. 2, these are indeed villi, which is clearly visible
on their longitudinal and transverse sections. According to the results of our studies, the
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submucosa of the budgerigar’s gizzard had the appearance of a wide layer formed by a
dense plexus of connective tissue fibers. Given that this layer is constructed from a dense
plexus of predominantly collagen fibers that had different directions, and, accordingly, a
relatively small content of ground substance and cells, the connective tissue of the
submucosa of budgerigar’s gizzard can probably be classified as dense irregular. These
data are consistent with the information of other researchers: in the yellow-blue macaw
and the African gray parrot (Psittacus erithacus), it is constructed from dense connective
tissue (Rodrigues M. N. et al., 2012; Al-Samawy E. R. M. et al., 2021), in the domestic
turkey — from connective tissue formed mainly from collagen fibers (Beheiry R. R.,
2018).

We have identified one layer in the muscular membrane of the budgerigar gizzard,
which is consistent with similar data for the yellow-and-blue macaw (Rodrigues M. N. et
al., 2012), the domestic turkey (Beheiry R. R., 2018), and the common quail (Zaher M.
etal., 2012). At the same time, according to Al-Saffar F. J. & Al-Samawy E. R. M. (2015),
in the mallard (Anas platyrhynchos), the gizzard muscular membrane consists of three
layers — a thin inner, a longitudinal outer and a very thick intermediate one, according to
Al-Samawy E. R. M. et al. (2021) in the African grey parrot it consists of two thin layers,
and in the common francolin (Francolinus francolinus) — of three.

According to the results of determining the size of the microscopic structures of
the budgerigar gizzard, two stages of cuticle thickening were established: during the first
week — by 118.6% and in the period from 2 months to 1 year of age — by 54.6%. Probably,
the period from 1 day to 1 month of age, when the cuticle thickness was 140.2+11.2 —
325.6+37.3 um and the period after 1 month of age and older, when it was 386.2+27.0 —
470.6+40.0 um reflect the time periods of feeding with different food. After hatching and
up to 1 month of age, the parrots are fed with the mother's "milk™ and soaked grain in her
will, older birds are fed with whole grain food. Accordingly, different types of food
correspond to different cuticle thicknesses. The high value of the thickness of the mucous
and the depth of the glandular portions in 3-day-old chicks — 357.2+23.3 and
204.8+14.2 pum, respectively, probably indicates a significant intensity of the process of
synthesis of cuticle substances. Unlike the cuticle, the absolute and relative thickness of
which increased with age, the thickness of the glandular layer of the mucous membrane,
where it was formed, decreased. Moreover, within the glandular layer, the depth of the
glandular portions decreased to a greater extent. Thus, this indicator in parrots 1-21 days
old was 155.2+13.9 — 204.8£14.2 um, and in 2 months. — 1 year old — 95.6+9.3 —
107.8+£9.0 um. Also smaller in 6-month-old parrots — 1-year-old age was also the width
of such glandular portions of the stomach. It should be noted that up to 1 month of age,
the index of the depth of the secretory departments had a greater value than the height of
the villi, and after 1 month of age, the index of the height of the villi was greater, and the
depth of the glandular portions was smaller. Unlike the glandular layer, the thickness of
the submucosa gradually increased with the age of the birds and, compared with 1-day-
old parrots, in 1-year-olds it was 102.7% greater. Compared with the mucous, the
thickness of the submucosa in parrots of different ages was 5.8-9.6 times less. At the same
time, according to Rodrigues M. N. et al. (2012), in the yellow-blue macaw it was thicker
than the lamina propria. The thickness of the muscular membrane increased until 2
months of age, and was smaller in older birds thereafter.

Thus, the most intensive change in the parameters of the microscopic structures
of the budgerigar gizzard occurred during the first weeks of the postembryonic period of
ontogenesis, which is consistent with the data of Baltz A. P. & Clark A. B. (2001), Kubiak
M. (2020) regarding the very short duration of the breeding season of budgerigars in
Australia. A number of researchers have reported on the intensive nature of the growth of
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the digestive organs, which outpaces the growth rate of the whole body in young domestic
birds (Gille U. et al., 1999, Makhotina D. S. et al., 2020). It should be noted that changes
in various morphometric indicators of the gizzard occurred asynchronously.

Conclusions.

1. The microscopic structure of the gizzard of budgerigars corresponds to the
general patterns of its structure in other bird species. Its wall consists of four membranes:
mucous, submucosa, muscular and serous. The mucous membrane consists of an
epithelial layer and a lamina propria, which contains simple, weakly branched tubular
glands, the secretion of which forms a cuticle.

2. The submucosa is located between the mucous and muscular membranes and is
built of tightly intertwined bundles of mainly collagen fibers.

3. The muscular membrane of the budgerigar gizzard consists of a single layer,
built of smooth muscle tissue. Its thickness increased up to 2 months of age, in older
parrots it was smaller.

4. The histological structure of the wall of the gizzard of budgerigars 1 day old —
1 year old is characterized by significant changes in the parameters of its microstructures.
Against the background of an increase in the thickness of the cuticle with age, the depth
of the glandular portions of the glands that form it decreases.

The prospect of further research is to determine the microscopic structure of other
digestive organs of budgerigars.
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The health of productive animals is directly dependent on their housing conditions
and utilization. The environment of livestock biocenoses must comply with current
standards and be safe from a sanitary standpoint. Achieving this is only possible with the
implementation of highly efficient disinfection technologies in production. A pressing
issue today remains the development of innovative devices and methods for air
decontamination in livestock facilities. Device construction was based on the results of
patent research and a comparative analysis of existing analogs and prototypes. The
effectiveness of disinfectants was assessed in accordance with applicable regulatory
documents. As a result of the work carried out, a device was developed for air purification
in livestock facilities. It features two-stage biological-droplet filters, sedimentation
chambers, water supply regulation valves, water recirculation pipeline systems, and
systems for water supply and drainage. A device for air sanitation in livestock facilities
was also developed, which provides simultaneous air ionization and ultraviolet
irradiation. This device includes a source of ultraviolet radiation and a water drainage
and purification system for processed water. Additionally, methods for deodorization,
aerosol disinfection, and fumigation of the air environment in livestock facilities were
created. These methods involve the use of innovative disinfectants from various chemical
groups under appropriate application regimes. They meet modern requirements for
livestock management and are effective, environmentally safe, economical, and easy to
use. The prospect of further research lies in improving technological approaches to
decontaminating livestock environments.

Keywords: facilities, air, device, disinfection, disinfectant.
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300p08’ss npOOYKMUBHUX MEAPUH MAE NPSAMY 3ALEHCHICMb BI0 YMOB YMPUMAHHS
ma eukopucmants. Cepedoguuje mMeApUHHUYLKUX OIOYEHO3I8 NOBUHHO 8i0n0gioamu
oirouum Hopmam ma Oymu Oe3neuHum 8 cawimapuomy eioHoweHHi. Lle éce moorciuse
Jiuue npu npoeaod’ceHHi y UPOOHUYMBO BUCOKOEPEeKMUBHUX MEeXHOL02IU Oe3iHgheKyil.
Axmyanonum numanHiaM HA CbO200HI 3ATUULAEMBCS PO3POOKA THHOBAYIIHUX NPUCMPOT
ma cnocoobie 3He3apaxncenHs Nosimps MEApUHHUYbKUX npumiujensb. Koncmpyrosanus
npUCMpoi8 NpoGoOUNU 3a pe3YIbmamamu NAMeHmMHO20 HOULYKY mMd NOPIGHANbHO20
amanizy icHyrouux auanoeie ma npomomunie. OyiHKy epexmueHocmi 3acmocy8anHs
0e33acobi8  npogoounu BIONOGIOHO 00 YUHHUX HOPMAMUBHUX OOKYyMeHmis. 3a
pe3yibmamamu. npoeedeHoi pobomu po3podieno npucmpii Ol OYUWEHHs NO8Imps.
MBAPUHHUYLKUX — NPUMijenb 3  080CMYNEeHe8UMU  OI0N02IYHO-KPANeabHOo20 MUny
Ginempamu, GiOCMIUHUKAMY, BEHMUIAMU Pe2YIIOB8AHHA NO0ayi 800U, cucmemamu
mpyoonpoeoodie peyupKyaiayii 600u ma cucmemamu mpyoonposooié 8000N0CMAaAYAHHSI
ma 6i0sedenHs. Pospobneno npucmpiu Ona camayii nogimps MEAPUHHUYLKUX
npumiyensb,  AKUU  3a0e3neyyec  Npo8eoeHHs  OOHOYACHO  aepoioHizayii  ma
yaempaghionemosozo ONPOMIHEHHA nosimps ma Micmumb Ooicepeno
VIbMpagionemosoeo ONPOMIHEHHs mMa CUcmemy B80008I08EOCHH |  OYUUJeHHS
gionpayvoeanoi eoou. Taxooc po3pobreni cnocobu Oe3odopayii, aepo301bHOT
oesinghexyii ma ghymieayii nogimpsaHoco cepedosuuia meapuHHUYbKUX npumingeHn. /lamni
cnocobu nepedbauarome 3aCmMoCy8anHs IHHOBAYIIHUX 3HE3aAPaAXCYIOUUX 3ac00i8 3 PI3HUX
XIMIYHUX 2PpYN 34 BIONOBIOHUX PEHCUMIB 3acmOocy8ants. Bonu éionogioarome cyuacHum
BUMO2AM WOOO0 OP2ani3ayii MEaApUHHUYMEA, € eQeKmusHUMY, eKOJIO2ITYHO be3neyHUuUMU,
EKOHOMIYHUMU ~ma npocmumu npu  3acmocyeanti. Ilepcnexmuea nooanvuiux
00Ci0JHCEHb NONA2AE Y 800CKOHANEHHI MEXHON02IUHUX Ni0X00i6 3He3apadcenHs 06 eKmis
MBAPUHHUYMEA.

Kniouoegi cnosa: npumiwenns, nosimps, npucmpiti, oe3ingexyis, dezingexmanm.

Introduction. An important aspect of ensuring high animal productivity and
obtaining high-quality animal-derived products is maintaining sanitary and hygienic
conditions for the livestock (Paliy A. P. etal., 2018; Dallago G. M. et al., 2021). Housing
a large number of animals within a limited area creates epizootic risks for the spread of
pathogenic and opportunistic microflora among susceptible livestock. Therefore, one of
the main practices in any livestock farm is the implementation of comprehensive
veterinary and sanitary measures based on the use of modern disinfection technologies
(Shkromada O. et al., 2019; Ventura G. et al., 2021; Moje N. et al., 2023).
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To eliminate microbiota, various methods are used, involving both chemical
(Addie D. D. et al., 2015; Paliy A. et al., 2024; Tyski S. et al., 2024) and physical
(Memarzadeh F., 2021; Sun Y., et al.,, 2023) agents. Commonly used chemical
compounds in production include chlorine-based, aldehyde-based, oxygen-based
preparations, and others (Paliy A. P., 2018; Curran E. T. et al., 2019; Artasensi A. et al.,
2021). Despite their high bactericidal properties, chemical compounds are characterized
by several negative effects, such as toxicity and carcinogenicity (Frentzel H. et al., 2013).
Moreover, not all currently available antimicrobial agents are effective in livestock
production, and their application regimes are often ineffective in dense livestock biotopes
(Kim S. et al., 2020). Reports indicate the development of resistance in microbiota to the
bactericidal effects of certain disinfectants, making them less effective and economically
inefficient (Souza C. et al., 2020; Li Q. et al., 2021).

It is considered that the most environmentally safe disinfection methods are
physical ones, including UV radiation, high temperature, and others (Reed N. G., 2010;
Memarzadeh F., 2021). However, the implementation of these methods in practical
livestock farming is limited due to their high cost, complexity in operation and
maintenance, and the lack of a wide range of options on the domestic market. Moreover,
there is a significant lack of scientific research dedicated to the effects of physical
disinfection methods on the microbiota of livestock premises and the technological
schemes for their application on an industrial scale.

Considering the above, it can be concluded that the improvement and scientific-
experimental substantiation of disinfection technologies in livestock farming is a relevant
task for modern agricultural science.

The aim of our research was to develop innovative devices and methods for
disinfecting the air in livestock facilities.

Materials and methods. The development of the devices and methods was
carried out based on the results of a patent search and a comparative analysis of existing
analogs and prototypes. The work was conducted at the National Scientific Center
"Institute of Experimental and Clinical Veterinary Medicine." The effectiveness of
disinfectants was evaluated in accordance with current regulatory documents (Kovalenko
V. L.etal, 2014).

Results. Most devices designed to maintain the necessary microclimate
parameters in livestock facilities are quite bulky, complex to use, unreliable in operation,
as well as energy-consuming and metal-intensive.

The first utility model focuses on the development of a device for air purification
in livestock facilities. It includes two-stage biological-droplet type filters that are washed
with water, sedimentation tanks, water supply control valves, a water recirculation
pipeline system, and a water supply and drainage pipeline system. This design allows for
effective air purification, provides functional flexibility, ensures optimal investment
efficiency, reduces operational costs, significantly lowers energy consumption during
use, and minimizes the need for manual cleaning and maintenance (Fig. 1).

The air purification device for livestock facilities consists of two-stage biological-
droplet type filters (1) washed with water, sedimentation tanks (2), water supply control
valves (3), a water recirculation pipeline system (4), and a water supply and drainage
pipeline system (5). The device operates as follows: water is supplied to the device
through the water supply and drainage pipeline system (5) and accumulates in the
sedimentation tanks (2). Once sufficient water is accumulated, it circulates through the
recirculation pipeline system (4).
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Fig. 1. Device for air purification in livestock facilities

Air from the livestock facility is drawn through the two-stage biological-droplet
type filters (1), which are washed with water. This process removes ammonia, dust, and
odors from the air. A biofilm consisting of various microorganisms naturally present in
the air forms on the filters (1). Some microorganisms convert ammonia, while others feed
on substances like sludge and dust. The water, after washing the filters (1), flows into the
sedimentation tanks (2) and is then recirculated through the pipeline system (4). This
water continues to circulate through the filters (1) as long as they can absorb ammonia.
Once the water is saturated, it is drained into the sludge collector via the water supply
control valves (3) and the drainage system (5), and fresh water is supplied to the system.
This development is protected by the Ukrainian utility model patent No. 145194.

The next utility model aims to improve the efficiency of air purification in
livestock facilities and reduce energy consumption during the device's operation. This
goal is achieved by equipping the device with a source of ultraviolet radiation and a
wastewater drainage and treatment system. These enhancements significantly increase
the efficiency of air purification while substantially lowering energy consumption during
use (Fig. 2).

The air sanitation and ionization device for livestock facilities consists of an air
duct (1) containing corona electrodes (2) and a fan (3), a water pipeline (4) installed on
the air duct with longitudinal mobility and ending in a shower nozzle (5), a high-voltage
power supply unit (not shown), an ultraviolet radiation source (6), a water collection tray
(7), a flexible hose (8) with a tap (9) for draining water into a sedimentation tank (10),
and a water pump (11). The device operates as follows: water from the pipeline (4) flows
into the shower nozzle (5), creating an artificial waterfall.

Air is drawn into the air duct (1) by the operating fan (3), where it is irradiated
with ultraviolet rays from the source (6) at the inlet, effectively destroying
microorganisms. Simultaneously, the corona electrodes (2) impart a negative charge to
the air particles, some of which settle on the water droplets from the artificial waterfall.
Coulomb forces arise between the negatively charged particles and the water, causing
suspended air particles to settle on the water, thereby compensating for the lack of
aeroions in the facility. The water, in turn, flows into the collection tray (7) and is drained
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via the flexible hose (8) with the tap (9) into the sedimentation tank (10), where
mechanical impurities settle to the bottom. The cleaned water is then pumped by the water
pump (11) back to the shower nozzle (5), forming a closed-loop system. This innovation
is protected by Ukrainian utility model patent No. 71809.

—

10 1

Fig. 2. Device for air sanitation of livestock facilities

The next stage of our research involved assessing the effectiveness of chemical
disinfectants for air sanitation in livestock facilities. For this purpose, two complex
disinfectants were used during aerosol disinfection and fumigation.

In the first case, the task was to develop a method of aerosol disinfection that
includes mechanical cleaning of livestock facilities, their sealing, maintaining the
appropriate microclimate (temperature not lower than 12 °C, relative humidity not less
than 60%), disinfection with a preparation, and bacteriological quality control of the
performed disinfection. The disinfectant used contains glutaraldehyde, glyoxal,
formaldehyde, quaternary ammonium compounds (QACs), triamine, fog-forming
components, and water, with an exposure time of 1 hour.

Thus, before disinfection, the facility is mechanically cleaned of manure, feed
residues, debris, etc. Equipment is cleaned of technical and organic contaminants. Floors,
ceilings, and walls are washed with water under pressure. Doors, windows, manure
channel outlets, and natural and forced ventilation hatches are sealed. The facility’s
temperature is maintained at no lower than 12 °C, and the relative humidity at no less
than 60%. Aerosol disinfection is then carried out using the following formulations:

Method 1: Glutaraldehyde — 0.78%, glyoxal — 0.24%, formaldehyde — 0.66%,
QACs — 0.36%, triamine — 0.09%, fog-forming components — 0.60%, water — 97.27%.

Method 2: Glutaraldehyde — 1.04%, glyoxal — 0.32%, formaldehyde — 0.88%,
QACs — 0.48%, triamine — 0.12%, fog-forming components — 0.80%, water — 96.36%.

Method 3: Glutaraldehyde — 1.30%, glyoxal — 0.40%, formaldehyde — 1.10%,
QACs — 0.60%, triamine — 0.15%, fog-forming components — 1.0%, water — 95.45%.

Method 4: Glutaraldehyde — 1.56%, glyoxal — 0.48%, formaldehyde — 1.32%,
QACs — 0.72%, triamine — 0.18%, fog-forming components — 1.20%, water — 94.54%.

The exposure time was 1 hour.
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After disinfection, samples are collected using sterile cotton-gauze swabs soaked
in sterile distilled water. Swabs are taken from 10 different areas of the facility, each
measuring 10x10 cm, using a metal stencil to define the sampling area. Samples are
washed in the same test tube by repeated immersion and squeezing of the swab. The
swabs are then removed, and the liquid is centrifuged for 20—30 minutes at 1500 rpm.
The supernatant is decanted, and sterile distilled water is added to the sediment, which is
shaken and centrifuged again. After the second centrifugation, the supernatant is
decanted, and 0.5 cm?® of the centrifugate is inoculated onto nutrient media: meat-peptone
broth (MPB) and meat-peptone agar (MPA). The cultures are incubated in a thermostat
for 24 hours at 37.0+0.5 °C. Growth is monitored after 12 and 24 hours. The grown
culture is examined under a microscope. The disinfection quality is deemed satisfactory
if no microbial colony growth is observed in all tested samples.

The efficiency of the proposed method is presented in Table 1.

Table 1
Aerosol disinfection method
. Microbial growth
_— e Concentration, -
Preparation’s composition % Prior to After
desinfection desinfection

glutaraldehyde 0.78

glyoxal aldehyde 0.24

formaldehyde 0.66

QAC 0.36 + +
triamine 0.09

fog-forming components 0.60

water 97.27

glutaraldehyde 1.04

glyoxal aldehyde 0.32

formaldehyde 0.88

QAC 0.48 + +
triamine 0.12

fog-forming components 0.80

water 96.36

glutaraldehyde 1.30

glyoxal aldehyde 0.40

formaldehyde 1.10

QAC 0.60 + —
triamine 0.15

fog-forming components 1.0

water 95.45

glutaraldehyde 1.56

glyoxal aldehyde 0.48

formaldehyde 1.32

QAC 0.72 + -
triamine 0.18

fog-forming components 1.20

water 94.54

Note: «+» - micribial growth; «—» - no growth.

224



E[
Hayxoeo-mexuiunuii broremens Incmumymy meapunnuymea HAAH, 2024, Ne132 F=5

From the data in Table 1, it is evident that swabs taken from livestock facilities
before disinfection revealed the presence of catalase-positive and oxidase-negative
staphylococci, Escherichia coli, mono- and diplococci. When using a preparation
containing glutaraldehyde (0.78-1.04%), glyoxal (0.24-0.32%), formaldehyde (0.66—
0.88%), quaternary ammonium compounds (QACs, 0.36-0.48%), triamine (0.09—
0.12%), fog-forming components (0.60-0.80%), and water (97.27-96.36%), complete
elimination of microorganisms was not achieved, as evidenced by their growth on nutrient
media.

In contrast, swabs taken after the application of a preparation containing
glutaraldehyde (1.30-1.56%), glyoxal (0.40-0.48%), formaldehyde (1.10-1.32%), QACs
(0.60-0.72%), triamine (0.15-0.18%), fog-forming components (1.0-1.2%), and water
(95.45-94.54%) showed no microbial growth in any case.

The results of the conducted studies indicate that the proposed aerosol disinfection
method meets modern requirements for livestock facility management. It is effective,
environmentally safe, economical, and easy to apply. This development is protected by
the Ukrainian patent for a utility model Ne 96618.

The second utility model aimed to develop a fumigation disinfection method,
which includes the mechanical cleaning of livestock premises, their sealing, maintaining
the appropriate microclimate (temperature 12-35 °C), and disinfection using a
preparation containing peracetic acid, acetic acid, hydrogen peroxide, and water, with an
exposure time of 30 minutes and a consumption rate of at least 20 ml/m?.

Prior to disinfection, the premises are mechanically cleaned of manure, feed
residues, debris, etc. Equipment is cleaned of technical and organic contaminants. The
floor, ceiling, and walls are washed with pressurized water. Doors, windows, manure
channel openings, and natural and forced ventilation hatches are tightly sealed. The
temperature inside the premises is maintained at 12-35 °C. Disinfection is then carried
out by fumigation with the following formulations:

Method 1: peracetic acid — 0.75 %; acetic acid — 0.95 %; hydrogen peroxide —
1.05 %; water — 97.25 %.

Method 2: peracetic acid — 1.20 %; acetic acid — 1.52 %; hydrogen peroxide —
1.68 %; water — 95.60 %.

Method 3: peracetic acid — 1.50 %; acetic acid — 1.90 %; hydrogen peroxide —
2.10 %; water — 94.50 %.

Method 4: peracetic acid — 1.80 %; acetic acid — 2.28 %; hydrogen peroxide —
2.52 %; water — 93.40 %.

The efficiency of the proposed method is presented in Table 2.

The data from Table 2 show that using a preparation containing peracetic acid
(0.75-1.20%), acetic acid (0.95-1.52%), hydrogen peroxide (1.05-1.68%), and water
(97.25-95.60%) does not fully disinfect the treated veterinary surveillance objects.

In contrast, swabs taken after applying a preparation with higher concentrations
of peracetic acid (1.50-1.80%), acetic acid (1.90-2.28%), hydrogen peroxide (2.10—
2.52%), and water (94.50-93.40%) showed no microbial growth in any case, indicating
complete disinfection of the treated objects.

The results of the conducted studies demonstrate that the proposed fumigation
disinfection method meets modern livestock management requirements. It is effective,
environmentally safe, technological, economical, and simple to use. This development is
protected by the Ukrainian patent for utility model No. 104050.
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Table 2
Fumigation disinfection method

. Microbial growth
Preparation’s composition Concentration, Prior to After
P P % riork ATter.
desinfection | desinfection

peracetic acid 0.75
acetic acid 0.95 N N
hydrogen peroxide 1.05
water 97.25
peracetic acid 1.20
acetic acid 1.52 N N
hydrogen peroxide 1.68
water 95.60
peracetic acid 1.50
acetic acid 1.90 N B
hydrogen peroxide 2.10
water 94.50
peracetic acid 1.80
acetic acid 2.28 N B
hydrogen peroxide 2.52
water 93.40

Note: «+» - micribial growth; «—» - no growth.

The foundation of this utility model aims to develop a method for deodorizing
livestock facilities, which includes mechanical cleaning of livestock premises and
deodorizing them using a preparation that serves as a disinfectant. The preparation
contains benzalkonium chloride, eucalyptus oil, fir oil, thyme oil, and water, with an
exposure time of 15 minutes at a dosage of 1-2 cm? per 1 m? of the room's volume.

Before deodorization, mechanical cleaning of the premises is carried out to
remove manure, feed residues, debris, and other waste. Following this, the deodorization
of the premises is performed using the preparation with the following compositions:

Method 1: benzalkonium chloride 0.008%, eucalyptus oil 0.0018%, fir oil
0.0018%, thyme oil 0.0018%, water 99.9866%.

Method 2: benzalkonium chloride 0.024%, eucalyptus oil 0.0054%, fir oil
0.0054%, thyme oil 0.0054%, water 99.9598%.

Method 3: Benzalkonium chloride 0.04%, eucalyptus oil 0.009%, fir oil 0.009%,
thyme oil 0.009%, water 99.933%.

Method 4: Benzalkonium chloride 0.056%, eucalyptus oil 0.0126%, fir oil
0.0126%, thyme oil 0.0126%, water 99.9062%.

The results of the method's effectiveness are presented in Table 3.

The data in Table 3 show that when using the preparation containing
benzalkonium chloride at 0.008-0.024%, eucalyptus oil at 0.0018-0.0054%, fir oil at
0.0018-0.0054%, thyme oil at 0.0018-0.0054%, and water at 99.9866-99.9598%, the
unpleasant odor in the premises was not completely eliminated.

However, it was found that when using the preparation containing benzalkonium
chloride at 0.04-0.056%, eucalyptus oil at 0.009-0.0126%, fir oil at 0.009-0.0126%,
thyme oil at 0.009-0.0126%, and water at 99.933-99.9062% with an exposure time of 15
minutes at a dosage of 1-2 cm?® per 1 m? of room volume, unpleasant odors were absent
for 24 hours.
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Table 3
Deodorizing method in livestock farming
Preparation’s Concentration, - Unpleasant odor
composition % Prlor_tq afte_r .
deodorizing deodorizing

benzalkonium chloride 0.008 %

eucalyptus oil 0.0018 %

fir oil 0.0018 % + +
thyme oil 0.0018 %

water 99.9866 %

benzalkonium chloride 0.024 %

eucalyptus oil 0.0054 %

fir oil 0.0054 % + +
thyme oil 0.0054 %

water 99.9598 %

benzalkonium chloride 0.04 %

eucalyptus oil 0.009 %

fir oil 0.009 % + -
thyme oil 0.009 %

water 99.933 %

benzalkonium chloride 0.056 %

eucalyptus oil 0.0126 %

fir oil 0.0126 % + -
thyme oil 0.0126 %

water 99.9062 %

Note: «+» - presence of unpleasant odor; «—» - odor is absent.

The results of the conducted studies indicate that the proposed method of
deodorization in livestock facilities meets modern production organization requirements,
is effective, environmentally safe, economical, and simple. This development is protected
by Ukrainian Utility Model Patent No. 95338.

Discussion. The role of air pollution in the development of respiratory diseases,
including acute respiratory infections and chronic obstructive pulmonary diseases, is
well-documented. Therefore, the use of air purifiers and filters is one of the proposed
strategies to improve indoor air quality (Vijayan V. K. et al., 2015). Filtration of
recirculated air results in the lowest overall dust concentration (0.12 mg/m?), and lung
health is found to be the best in animals housed in facilities equipped with recirculated
air filtration modules (Wenke C. et al., 2018). To address issues associated with high dust
concentrations, ventilation systems with air filters and humidity control have been
introduced. However, their widespread adoption is hindered by high costs, significant
energy consumption, and labor-intensive maintenance (Hou R. et al., 2024). Our proposed
technical solutions offer high efficiency and functional flexibility, ensuring optimal
capital investment efficiency and reduced operational costs.

The effectiveness of disinfection technologies based on ultraviolet (UV) radiation
Is promising, but it depends on numerous environmental, physical, and technical factors.
UV disinfection should not be used in isolation but should be considered as a supplement
to protocol-driven standard operating procedures for cleaning and disinfection
(Memarzadeh F., 2021). Therefore, we consider combining physical and chemical
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methods for air sanitation in livestock facilities, which, in turn, will minimize the risks of
uncontrolled spread of airborne pollutants.

A wide range of antimicrobial agents is used in livestock production; however,
not all are environmentally safe and highly effective (Campagna M. V. et al., 2016). In
our research, we employed modern chemical disinfectants that demonstrated high
efficiency under industrial conditions, allowing us to develop technological protocols for
their application. According to other researchers, aldehyde-based aerosol disinfectants
have also shown high effectiveness in poultry houses (Jiang L. et al., 2018). The use of
peracetic and acetic acids in spray methods for intermediate disinfection is recommended
(Scheib S. et al., 2023).

Odor emissions significantly affect human and animal health as well as the
environment (Cao T. et al., 2023). For deodorizing livestock facilities, we propose using
eucalyptus, fir, and thyme oils in appropriate concentrations, which have proven effective
in combating unpleasant odors. Other scientists suggest using deodorizing microbial
strains (Ma H. et al., 2021). The spraying of plant extracts is also recommended by other
researchers (Wang Y. C. et al., 2021).

It has been reported that washing followed by disinfection is not always highly
effective. Therefore, the use of technological breaks by relocating animals in facilities is
proposed as an alternative (Connor J. T. O. et al., 2017).

Thus, despite the progress achieved in the development and implementation of
disinfection technologies, there remains a need to explore more environmentally friendly
and versatile antimicrobial agents, as well as to develop technical solutions for sanitizing
livestock facilities.

Conclusions:

1. The proposed device for air purification in livestock facilities is economical,
simple, and convenient to use. It ensures complete air environment purification, is reliable
in operation, requires minimal manual cleaning and maintenance, and offers functional
flexibility, which guarantees optimal investment efficiency and reduced operational costs.

2. The proposed device for air sanitation in livestock facilities enables
simultaneous air ionization and ultraviolet radiation treatment to eliminate pathogenic
and opportunistic microorganisms. It is reliable, simple to use, economical, and does not
require significant material or energy expenditures.

3. Developed methods for deodorization, aerosol disinfection, and fumigation of
the air environment in livestock facilities involve the use of innovative disinfecting
agents.

4. The prospect of further research lies in improving technological approaches to
the disinfection of livestock facilities.
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IMPABHJIA O®OPMJIEHHS TA IPUIIOMY CTATEM 10
«HAYKOBO-TEXHIYHOI'O BIOJIETEHIO IHCTUTYTY TBAPUHHUIITBA
HAAH»

IIpuiiom crarTeil NMPOBOAMTHCS 32 NMPABUJIAMHU, IO Y3ro/:KeHi 3 BUMOTaMHU
MOH Ykpainn.

Jo «HTb IT HAAH» npuiiMaroThCsi CTaTTi MPOOJIEMHO-TIOCTAHOBYOIO Ta
y3araJbHIOI0YOT0 XapaKTepy, B SIKUX BUCBITIIOIOTHCS PE3YIbTaTH HAYKOBUX JTOCIIIKEHb
13 CTATUCTUYHUM OIPAIIOBAHHSM JAHUX, SIKI MAIOTh TEOPETUYHE 1 MPAKTUYHE 3HAYCHHSI.
3a HasSBHOCTI 3HAYHMX YACTHH BXKE€ OITyOJIIKOBAHMUX TEKCTIB UM EKCIIEPHUMEHTAIBHUX
JaHUX PYKOIMUCH BIIXWISIOTHCS. OpUTiHANBHICTh TEKCTY — He MeHmIe 80 %.

HTB myOGunikye cTarTi 3a CrieliaJbHOCTAME: CUIbChKOTOCIoapchki Hayku (204 —
TEXHOJIOT1Sl BUPOOHMIITBA 1 IEPEpOOKH MPOAYKTIB TBapuHHUIITBA, H1 — arpoHomis) ta
H6 - BerepunapHa MeaunuHa.

@aiinu Ha3UBATH 32 MPI3BUIIIEM MIEPILIOTO aBTOPaA Ta HAYKOBOI'O HAMPSMKY CTaTTI,
nanpukian: «Kyuepenko arponomis» abo «Kucherenko _ahronomiyay.

Texniuni BUMOru:

Dopmam ¢hatiny 3 pykonucom - MS Word (*.doc, *.docx)
Dopmam cmopinok - A4,

Opienmayis - KHUXKKOBA,

Lpughm - Times New Roman

Misxcpsaoxosutl inmepsan - 1,0

Ulupuna nonie — 2,5 cM, 1iBoro — 3,5 cm

Ab6zaynuii giocmyn — 1,25 cm.

Pykonucu mnpuiiMaroThCsi YKpaiHCBKOIO Ta aHIJIIHChKOW MoBaMu. JKypHaiu
BUJIA€THCS aHTIIINCHKOI0 MOBOIO. Penakiiisi Hajjae mepexsia.

3aranpHuit o0csr cratti 10-20 cTop. (He MeHie 15 Tuc 3HaKiB 3 mpoOitamu, 6e3
aHoTarlii, 6i6miorpadiunoro crucky ta GoTo).

Crpykrypa
CTATTI

Inpexc YK BHUKJTIOUKA 3a JIIBUM Kpaem 0e3 ab3arHoro Biacrymy, 12 pt

BEIMKHMHU JITEpaMH, BUKJIIOYKa 1O UeHTpy. 14 pt,

Ha3ssa crarTi .
HaMiBXUPHUM HIpUPTOM

He Oinbie 5-tu aBTOpIB.

IM’s Ta ipi3BHILE (TOBHICTIO), HAYKOBUH CTYMIHb, 3BaHHS, KOJ
ABTOpPCBKI 1aHi ORCID, e-mail. (ko aBTop He 3apeectpoBanuii B ORCID,

MOTPIOHO CTBOPUTH OOJIKOBHM 3amuc 3a MOCHJIAHHSIM

).

HaniBxupHuM, BHKIIOYKA MO HEeHTpY, 12 pt. Opranizaiis

Adinmianis . . .
(iian (micue poOoTH), MICTO, KpaiHa.

AHoTanis Kypcusowm, 12 pt, ne menme 1800 3HakiB 3 npoOiamu.
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KurouoBsi ci1ioBa

Beryn

Marepiaan
MEeTOIH
JOCJIiIKeHb

PesyabraTtn
AOCTIIKEHb

Ta

B aHnotamii nmakoHiyHO Ta 1H(GOPMATHBHO OMHUCYIOTHCSA JaH1
IIOA0 MICI MPOBEACHHS JOCIIKEHHS, OCHOBHI PE3yJIbTaTH
Ta iX npakTtuvHa IiHHICT, HE BKa3yeThbcs meTa Ta MeToau
poboTH.

He moxHa B aHOTamiio KOMiIOBAaTH pEYEHHA Ta ab3anu 3
PO3MLIIB CTATTI.

Kypcuom, 12 pt,
5-7 cniB a0 CIIOBOCIIONYYEHbD.

Buxirouka mo mupusi, 12 pt

1-2 crop.

Y po3mii  BUCBITIIOETbCS Cy4YaCHHMW CTaH PO3MVISIHYTOT
npobiemMu, HaykoBa HOBH3Ha pOOOTH, aHANI3YIOTHCS
JNOCT/DKeHHsT Ta myOumikamii 3a ocTaHHI S5  POKIB,
OOTPYHTOBYETHCSI AKTYaIbHICTh, HAIMIBXHPHUM BHIIISETHCS
MeTa JOCJHiIKeHHsl. B KOXHOMY TIOCHJIaHHI KOPOTKO
PO3KPUTH CyTh Ta PE3yJbTaTH JOCITiIKEeHb aBTOpa (-iB), SIKi
UTYOThCS. [TocnnanHs Ha JliTepaTypy HEOOXIHO M0/IaBaTH y
KPYTJIHX AyKKax (...), Hanpukiaa: (lvanov A. V., 2023; Zlobin
S. E. et al., 2022a). SIkmo moTpiOHO 3a3HAYUTH MMOCHJIAHHS
BCEpEeIMHI psAJIKa, BAPTO BKA3yBaTH TUIBLKHU PIK Y (), HAIPUKIA;
Tumommma M. (2023) y cBoilt pobori ....".

B ogHOMY MocuiaHHI He BapTO IUTYBATH OLJIbIe 3-0X HKEped.

3a3HavyaeTbcsl 00’€KT JOCHIIKEHHS Ta EKCIePHUMEHTAIbHA
6a3a. BuxmageHa meronoJioris MOBHMHHA JIaTH MOXKIIUBICTb
MOBHICTIO BIATBOPUTH Bari qocmiaxkeHHs.

Po3ain exkcriepuMeHTanbHOI CTaTTi MOBHHEH CKJIaJaTH He
Mmenie 70 % Big oOcsry crarti (HEe BpaXxOBYIOUM aHOTAIlM Ta
6i0miorpadii) 3 TMOBHMM OOIPYHTYBaHHSM OTPUMAaHUX
HayKOBUX PE3yJIbTaTIB.

Tabnuui, pucyHku Ta GopMyIH MOBUHHI OyTH IPOHYMEpPOBaHi
Ta MOAaH1 MIC/Is MOCHIaHHS Ha HUX Y TekcTi. CinoBo “Tabnuys
__” mHcaTH CopaBa KypCHBOM 3 HOMEpPOM apabChbKUMHU
uudpamu. 3aro10BoK TadJIMLI — HAMMIBXXUPHUM, BUKITIOUKA 110
ueHtpy. IlocunmanHs Ha TaOAMIIO Yy TEKCTI BKa3yIOTh
CKOpOUEHO Tepen po3MimeHHaM Tabmuii. [Ipumitku 10
Tabmui — kypcusom, mpudt 10 pt, 6e3 ab3artHOroO BiACTYILY.
®opMynu — CTBOPIOBATH Y pelakTopi (popMyJ, BUKIIIOUKA IO
LEHTPY. 3a HAasABHOCTI y TEKCTi MOCHJIAHHS Ha (opmyiy, ii
HYMEpYIOTh apabCchbkoro HU(POI0 y KPYTIIHUX IyKKaX 3 PaBOTro
Kparo B Mexax opMaTyBaHHS CTOPIHKH.

3aronoBok pucynka ([lpuxmaxg: Puc. 1. Hasea.) —
HamiBXKUPHUM, BHKIIOYKAa IO IIHpHHI, Oe3 ab3alHoro
BicTynny. Ha kokeH puCyHOK MHOTpiOHO POOUTH B TEKCTI
nocuiaHHs — (puc. ). YMOBHI MO3HAYEHHS Ta MIAMHCH Ha
pucyHky — mwpudt 10 pt.
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VY 1pomy po3aim HEOOXITHO 31CTaBUTH PE3yJIbTaTH BJIACHHUX
JOCHIJUKeHb 3 pe3ysibTaTaMd pPOOIT I1HIIMX aBTOPIB, SKHX

Oo0roBopenHs T . o .
IUTYBAJIA Y BCTYIHIN YaCTHHI, 1110 HAHOUIBII OIM3BKI JJO TEMHU
JIOCJIIJDKEHHS.

BucHoBKH PexkoMeH1y€eThCsl HAaBOJIUTH MIPOHYMEPOBaHI BUCHOBKH.
Po3zin He € 000B’I3KOBUM, Y HBOMY BHCJIOBJIIOETHCS TTOJSIKA
opragizamisM 3a IIOCWJIBHY TEXHIYH OIIOMOT'Y; 17€T;

Honssxu p 2 y y & y, 174et1;

(biHAaHCOBY MIATPUMKY, 3aBISIKM SKOMY JOCIHIDPKEHHS CTallo
MOYITUBHM.

Jlxepena po3TtamoByBaTH B aldaBiTHOMY TOpsAIKy, 0e3
HyMeparii.
B ekcnepumenTtanbHiil cTaTTi mOBMHHO OyTu He MeHiie 20
JDKEpen, B OrIsAI0Bii — He MeHIe 40, mepeBakHO 3 HAYKOBUX
BUJIaHb, SIKI 1HJIEKCYIOThCS B HayKOMETpUYHHUX 0a3ax Scopus
ta Web of Science 3a ocransi 5 pokis, 90% kepes MOBHHHI
matu DOI abo enekTpoHHI mocuiaaHHsa. He MoXHa mocuiaTuch
Ha HEHAYKOBY JiTeparypy (HalloOHaIbHI CTaHIAPTH, TEXHIYHI
YMOBH, KOHCIIEKTH JISKIIIH TOIIIO).
3a moTpebu mMOCHIaHb HAa NATEHTH, CTAHAAPTH, TEXHIYHY
JOKYMEHTAIIi10, iX pOOUTH SIK 3HOCKU BHU3Y CTOpiHKH, aie HE
Bi6aiorpadiunmii | BKIIFOYATH B CIIHCOK JITEPATypH.
CIIUCOK Crig yHuKaTu nocusadb Ha cBoi poOoTH - He Oinbire 10 %.
Bxkasyrorecst nipizBuiie Ta iHiniamm Beix (1) aBropis. [Himianm
MUY ThCS MICIIs NPI3BUIIA.
Cnucok mitepaTypu OQOPMIIIOETHCS JIMIIE JATHHMIIEHO.
AHTTIOMOBHI ~ TOCWJIAaHHS ~ O(OPMIIOIOTBCS  3TIAHO 3
3apyOiKHUMU Oi0miorpadiyHUMHU cTaHAapTamu, cTib APA

EnemMeHTH CHHCKY YKpaiHCHKOIO Ta pOCIHCHKOIO MOBOIO
noTpibHo  TpaHciitepyBatd.  Jlng  TpaHcmiTepamii 3
YKpalHChKOI0O MOBU BUKOpHCTOBYeTbea Ilacmoptuit (KMY
2010), a 3 pociiicekoi — crtangapt: BGN. Cnig yHukatu
MOCWJIaHb Ha JITepaTypy KpaiHH-arpecopa.

Crarri HagcnaaTu 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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HAIIIOHAJIBHA AKAJIEMISI ATPAPHUX HAYK YKPATHA
IHCTUTYT TBAPUHHUILITBA

HAYKOBO-TEXHIYHUH FIOJIETEHD
IHCTUTYTY TBAPUHHUILITBA HAAH
Bunyck 132

Bunanns 3acaoBano y 1932 p.

Bionogioanvnuii 3a sunyck: Muxanvuenxo C. A.
Texniune pedacysanms ma
xomn romepua eepcmia: Illanuenxo O. M.

ABTOpH HECyTh ITOBHY BIJIMOBIIAJIbHICTH 3a 3MICT IyOJTiKaIlii, TOYHICTh
HaBeJCHMUX (PaKTiB, BIACHUX IMEH, TEPMIHIB Ta IHIIUX BiIOMOCTEH!

Anpeca penakuiitHoi KoJerii:
61026, Byn. TBapunnukiB 1-A, M. Xapkis, [ncruryt TBapunnunTea HAAH, kimu. 27; Ten. (057) 740-35-49,
taxc (057) 740-39-94, e-mail: labinform@i.ua, itanimalnaan@gmail.com

[Mignucano no apyky 26.12.24. dopmar 60x84/8.
I'apnitypa Taiimc. Crioci0 npyky — pizorpadisi.
O06:7. Bua. apk. 17,79. Ym. ap. apk 17,54.
Haxman 100 mpum.

Opurinan-mMakeT BUKOHaHO
B IncTuTyTi TBapuHHMUTBAa HAAH

61026, m. XapkiB Byn TBapunnukis oya. 1-A, IT HAAH



