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FATTENING CAPACITY OF COMBINATIONS OF THREE
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The research was conducted on the basis of an experimental rabbit farm of the
Cherkasy Experimental Station of Bioresources of the National Academy of Sciences. The
farm uses the technology of intensive production of rabbit meat.

For the experiment on determining the fattening and meat indicators of young
rabbits obtained from different combinations, 7 groups of young rabbits with 15 heads
each aged 28 days were formed by the method of pairs-analogues.

It was found that young rabbits of the first control group (RSH) at 90 daily age
had a live weight of 2710 g they were significantly (p<0.01) dominated by analogues of
the second Group (3\4 RSH1\ANB) at 163g, the third (1\4NB3\4RSH) at 120g(p<0.05),
the sixth (2\4RSH 1\4NB1\4SV) at 200g(p<0.001), seventh (1\4NB1\4SV2\4RSH) at
1799(p<0.01), which is an increase in the indicator — the mass of one head at 90 daily
age.

The indicator of average daily increments(age period 28-90 days) ) in young
rabbits of the 2nd group of Origin 3\4ARSH1\4NB significantly (p<0.01) prevailed over
the control of purebred young rabbits of the Soviet Chinchilla by 2.4 g. the average daily
increments in the sixth and seventh experimental groups were 38.3 and 38.0 g, which is
2.6; and 2.3 g significantly higher (p<0.01; p<0.05) from peers of the first group.

In terms of loin width, rabbits of the 6th and 7th groups of young rabbits of the
first control group significantly prevailed (p<0.05). The meat content index of these
groups of Origin: 2/4 RSH 1/4NB1/4SV; 1/ANB1/4SV2/4RSH, was 6.14; 6.07cm.

Slaughter yield was better in young rabbits of the sixth and seventh groups of
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Origin 2/4 RSH 1/4NB1/4SV; 1/4NB1/4SV 2/4RSH, which prevailed in the control group
by 3.33 and 2.23%.

Feed costs per 1 kg of growth in the groups were: 4.4 kg in the control group; in
the experimental groups, the feed efficiency was higher and ranged from 4.1 to 3.9 kg.
The group of young rabbits of Origin 2/4RSH1/4NB1/4SV consumed food more efficiently
and outnumbered the peers of the Soviet Chinchilla by 500 g, and the 2nd by 300 g and
the 7th by 450 g.

The Comprehensive Assessment Index (PKO) was higher in all experimental
groups of young rabbits compared to the control, in particular, in groups 2, 3, 6 and 7 by
14.3; 8.7; 17.9 and 15.6 to purebred peers of Group 1 of the Soviet Chinchilla (240.1).

The selection assessment of our tests was given by the index of total heterosis. The
index of total heterosis by Slaughter yield of young rabbit carcasses in the experimental
groups was: 2,37; 1,76; 1,88; 2,51; 6,64; 4,45%. The index of total heterosis in terms of
PKO was 5,95; 3,62; 2,46; 3,04; 7,46; 6,5 %.

Net income for the production of 1 kg of rabbit meat was by Group 1- 10,9; 2-
15,6; 3, 4 and 5-14,0; 6-18,7; 7-17,9 due to the inter - breed combination, it increased by
3.1-7.8 UAH.

The highest profitability of production, in terms of direct costs, was among young
rabbits of Group 2 — 24.2; groups 6 and 7 — 30.5%; 28.8%. Animals of these groups by
origin were two breeds — 3/4rsh1/4nb and three breed crossbreeds: 2/4RSH1/4ANB1/4SV;
1/ANB 1/4SV2/4 RSH.

Keywords: young rabbits, crossing, fattening productivity, PKO, economic
efficiency.

BIATI'OAIBEJIBHA 3JATHICTDb IOEAHAHDB TPHOX ITOPI
KPOJIIB OTPUMAHHUX BIJI PEHUITPOKHOI'O CXPEIIIYBAHHA

Muxaiijio BAHIEHKO, 1. c.-1. H., akagemik HAAH
https://orcid.org/0000-0002-2872-7055
Oaekcanap BOMKO, . c-r 1., https://orcid.org/0000-0002-3917-5583
Irop JIVUUH, 1. c. r. H., https://orcid.org/0000-0002-5938-9888
Yepracbka gociaiana cranuisi oiopecypcis HAAH, Yepkacu, Ykpaina

Hocniosxcenns npogoounuce Ha 6a3zi  eKCnepuMeHmanbHoi  Kpolegepmu
Yepkacvkoi oocnionoi cmanyii 6iopecypcie HAAH. B 2ocnodapcmai 3acmoco8yemuvcs
MEXHON02IA IHMEHCUBHO20 BUPOOHUYMEA KPOISAMUHIL.

s docnioy 3 eusHauenHs 6i0200i8eNbHUX | M ACHUX NOKAZHUKIE MOJOOHSIKY
KpOJLI8 OMPUMAHO20 BI0 DI3HUX 8aAPIAHMIE NOEOHAHHI, MEmMOOOM NaAp-arHaiocie 0y10
chopmosaro 7 epyn MOLOOHAKY Kpoie no 15 eonis y kodxcuitl gikom 28 0i6.

Bcmanoeneno, wo monoouax xponie nepuioi koumponvroi epynu (PLL) 6 90
0obosomy eiyi mae xcusy macy 2710 2 ix eipociono (p<0,01) nepesasicanu auanoeu
opyeoi epynu (3\4PIIII\4HB) na 1632, mpemvoi (I\4dHB3\4PIIl) na 1202(p<0,05),
wocmoi (2\4PILIIN4HFI\4CB) na 2002(p<0,001), cvomoi (1\dHE 1\4 CB2\4PIIl) na
179 2(p<0,01), wo € 3pocmannsim nOKA3HUKY — macu oouiei eonosu 6 90 0o0bosomy
8iyi.

Tloxasznuk cepedHb000008UX npupocmis(gikosuti nepiod 28-90 0i6) 6 Mor0oHsAKa
kponie 2-i epynu noxoodcenusi 3\4PLIINHE gipociono (p<0,01) nepesasicas
KOHMPOJbHY YUCMONOPOOHO20 MONOOHAKY KPOLI8 PAOAHCLKOI wuHwuiu Ha 2,4 .
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Cepeonbo00608i npupocmu 6 wocmitl. ma cboMill 00CHiOHux epynax cmanosuau 38,3 i
38,02, wona 2,6, 2,32 sipociono euwi (p<0,01; p<0,05) 6i0 posecruxis nepuioi epynu.

3a wupunoro nonepexy, 8ipociono nepesadicanu kpoai 6 i 7-i epyn MONOOHAK
Kkponie nepuioi konmpoavroi (p<0,05). Ilokaznux m’sacHocmi yux epyn noXoO0HCeHHs.
2[aPLLI"4sHEY4CB; Y/aHB 4aCB?/4PLL, cmanosus 6,14; 6,07 cm.

3abiunuii 6uxio Kpawum 0y8 y MOINOOHAKY KpONi@ wocmoi i cbomoi epyn
noxoooicenns AaPIIsHBY4CB;  Y4HBY4CB?4PIII wo nepesasicag KoHmponwiy epyny
Ha 3,33 12,23%.

3ampamu kopmy Ha Ixe npupocmy no epynax cmaroeunu. 4,4xke y KOHmponoHiu;
8 Q0CIOHUX eghekmusHicmb Kopmy Oyaa euujoro ma Koausanacs 6io 4,1 oo 3,9xe. I pyna
MONOOHAKY Kponie noxooxcenns “aPIIMHBY1CB 6invi eghpexmueno cnoswcusana kopm
ma nepeegaxcana pogecHukie paosncbkoi wunwuau Ha 500 e, a 2-a na 3002 ma 7-a Ha
450 e.

THokasnux komnaexcnoi oyinku(IIKO) euwum 6y8 y 6cix 00CHOHUX 2pynax
MOJIOOHAKY KPOJi8 Y NOPIGHAHHI 00 KOHMPOI0, 30kpema, 6 2, 3, 6 ma 7-il epynax Ha 14,3;
8,7, 17,9 ma 15,6 0o wucmonopoonux pogecnuxise 1 epynu paosaucokoi wiunwuiu(240,1).

Cenexyiiiny oyinKy HAUWUM BUNPOOYBAHHAM 0d8 IHOEKC 3a2AIbHO20 2eMepPO3UC) .
Inoexc 3acanvnoco cemeposucy 3a 3a0iUHUM 6UXO0OM MYWl MOJOOHAKA KpOTig 8
docnionux epynax cmawnosug: 2,37, 1,76, 1,88; 2,51; 6,64, 4,45%. Inoexc 3azanvrozo
eemepo3sucy 3a nokazHukom [IKO cmanosus 5,95, 3,62; 2,46, 3,04; 7,46, 6,5 %.

Yucmuii 00xi0 npu supoonuymea 1xke kponasmunu cmanosug no epynax 1- 10,9;
2-15,6, 3,415-14,0; 6-18,7; 7-17,9 epn. 3a paxyrnok misc nopooHo20 NOEOHAKHSL 8iH 3pic
Ha 3,1 - 7,82pH.

Haitisuworo penmabenvruicmo 6upobHuymea, 3a npamumu 3ampamamu, 0yia y
Monoousaka Kkponie 2 epynu — 24,2; 6 i 7 epyn — 30,5%, 28,8%. Teapunu yux epyn 3a
noxooxcennsm 6ynu 060x nopooui — SI4PIIMWHE ma mpvox nopoomi nomici:
21aPLIM4aHBY4CB; Y1aHE4CB ?/aPLLI.

KurouoBi ciaoBa: MOJNOAHSK  KpOJIB, CXpellyBaHHS, BIATOIIBEIbHA
npoayktuBHicTh, [IKO, ekoHOMIuHa €(eKTUBHICT

In the last 20 years, rabbit meat production in Ukraine has been carried out using
European, intensive technology. The parameters of this technology provide for obtaining
at least eight okrols from one rabbit during the production year, which is 60 or more
rabbits. Indicators of precocity of fattening young rabbits should ensure slaughter at the
age of 80 days with a live weight of at least 2.8 kg, with a slaughter yield of 55-60%.
Abroad, as an element of this technology, hybridization is used with the participation of
4-5 breeds that are maximally adapted to intensive breeding (Vintoniv, O.A., 2022;
Dorian,S., 2014).

The problem of intensifying the rabbit breeding industry in Ukraine is extremely
acute, since many breeds are small in number and have high genetic variability
(Christensen, O. F., 2010). In addition, the number of breeding farms for breeding most
breeds has decreased, and there is no program for creating an industrial rabbit (Crovato,
S., 2022; Siddiqui, S. A., 2023). In this regard, conscious management of the scientific
and production process based on knowledge of the features of breeding and technological
processes becomes important.

The main indicators on which the intensification of rabbit production depends are
fecundity, live weight of rabbits at birth, nest safety, growth rate and feed payment in
increments (Garcia, M.L.; 2020).

To achieve this goal, it is necessary to cause the desired changes in heredity and
accumulate them in a number of generations by the chosen system of breeding, feeding
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and maintenance (Tabet, J. M., 2025; Havrysh O. M., 2025; Shah, I., 2024; Badawy, A.Y.
2019).

Starting breeding work in rabbit breeding, you should focus on one or two traits,
without neglecting others, which should be at least at an average level. At the first stage,
attention is paid to maternal qualities: live weight at birth, live weight at weaning (28
days), preservation (Sotnichenko, Yu.M., 2020).

To speed up obtaining the desired productive indicators, it is necessary to use
crossing, which pursues several goals — to enrich the heredity of one of the breeds, and
on the basis of two or more breeds to create a new genotype that would generalize all the
positive aspects of the breeds taken for crossing, and for the main ones and significantly
exceed them (Mondin, C., 2021). The purpose of such work is to combine different breeds
in such a way that the overall production efficiency is maximized (Shevchenko, E., 2020).

Studies of existing genotypes for combinability (combinability) can be carried out
with forward and reverse (reciprocal) crossing. Based on the results of crossing, select
the best, highly productive interbreeding offspring, which should be used in further
industrial work (hybridization) as parental and maternal forms (Shevchenko, E., 2025;
Clasen, J. B., 2023; Luchyn 1. S., 2022).

To achieve this goal, it is necessary to use breeds that predominate in traits with
high heredity, are controlled by additive genes and traits that show the best combinatorial
ability in the form of a heterosis effect. The effect of heterosis should be higher, especially
when breeds are significantly different from each other genetically or inherited
(Mrode, R. A., 2005).

When the selected traits positively correlate with each other — such as birth weight,
milk production and preservation, selection simultaneously for these three indicators will
increase the further intensity of the manifestation of fattening traits of young rabbits
(Peir6, R., 2010).

Obtaining the maximum effect of heterosis is possible when creating breeds
whose descendants, when crossed, can best combine according to the main quantitative
indicators. To do this, you need to create a maternal form in which the reproductive
properties of rabbits predominate (focus) and two or more parental forms in whose
offspring fattening and meat indicators predominate (Luchyn, I. S., 2025). A successful
combination of these genotypes will ensure maximum productivity growth (Clark, S.A.,
2013).

Now there is an urgent need, based on the generalization of theoretical and
practical achievements in rabbit breeding, to monitor crossbreeding and purebred
breeding of rabbits in modern socio-economic conditions, the use of existing high-
performance and adapted to the climatic and technological conditions of Ukraine rabbit
head.

The aim of the work is to study the fattening and slaughter qualities of local young
rabbits obtained from reciprocal crossing, to give an economic assessment in conditions
of intensive breeding.

Materials and methods of research. The research was conducted at the Cherkasy
agricultural Experimental Station of Bioresources of the National Academy of Sciences.
The farm uses the technology of intensive production of rabbit meat. Breeds of rabbits
bred on the farm: Soviet Chinchilla, Gray giant, New Zealand white and their crossbreeds.
The average monthly number of rabbits is 300 heads, of which 60 are the main rabbits.

The main elements of the technology present in the study:

- insemination according to the technological map, on the 10th day after district;

- weaning of rabbits at the age of 28 days;

- fattening period from 28 to 90 days of age.
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In order to improve the fattening productivity of Chinchilla - like rabbits (two,
three breed crossbreeds) in the conditions of industrial intensive use-rabbits of the Soviet
Chinchilla breed are used as a mother (RSH), this genotype is most adapted to the
production and climatic conditions of central Ukraine. The parent breeds are males of the
gray giant (SV) and New Zealand White (NB) breeds, they have more pronounced
fattening and meat indicators.

For the experiment on determining the fattening and meat indicators of young
rabbits obtained from different variants of the reciprocal combination, 7 groups of young
rabbits with 15 heads each aged 28 days were formed by the method of pairs-analogues
(table. 1).

To determine fattening and meat qualities, the comprehensive assessment
indicator" young rabbits (PKO) " was used (Luchyn I. S., 2022):

| =5.1 (K + 2H);

where 5,1; 2 are the correction factors;

K-average daily gain (from birth) in grams;

H is the width of the lower back (at points adjacent to the knee joints) in
centimeters.

It is most appropriate to evaluate young rabbits for PKO at 90 days, at this age the
correlation between the indicators of average daily growth and lower back width is most
positive.

Technological and economic conclusions will be drawn from the use of various
variants of reciprocal crossbreeding with the participation of Soviet Chinchilla, Gray
giant, and New Zealand White breeds in intensive production.

Table 1
Scheme of the experiment of fattening young rabbits, n=15

Groups Genotype
Productive indicators
Contr. RSH
3/4 RSH1/4NB 2 2 it S
= = — = °
.. = S | d28l8 | |2
= 1/4NB 3/4RSH < S o 29 S |3 =S o
< y— m. e | 8 g 2 81 oD T — X
S 3/4RSH1/4SV o g O X T g 2|yl S, & -| 0O
£ =0 =28 L2 v | =g C o5 | ¥
= 1/4SV3/4RSH 52 S TE co|odl o | ot
& 2 Do - D © | == = +— o
ot [5) DO O =l oc || < n O
3 2/4RSH1/ANBL/ASV | 2 . 2o Sg2E|5e @ S 5
® 1/4 NB1/4SV2/4RSH QL o 7| <= GE) 2|2 = D
.2 .2 (=) E ; (9p) 8
- | | Y—

To study the combinational ability for reciprocal crossing of rabbit breeds, the
Soviet Chinchilla, Gray giant and New Zealand white and their crossbreeds in the
conditions of central Ukraine and determine the optimal combination for use in the
conditions of industrial intensive technology, the heterosis index was determined by the
formula proposed by V. T. Gorin, I. M. Nikitchenko (Piotrovich N.A., 2017) improved
by O. M. Tserenyuk (Knecht, D., 2015).

Gz =0g/Om x 100 - 100,
where: Gz-general heterosis;
Og-hybrid attribute;

Ome-a sign of the maternal form.
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Research results. In the Cherkasy Experimental Station of Bioresources of the
National Academy of Sciences, work was carried out to find successful breeding
combinations of rabbits that should be adapted to the conditions of keeping, feeding and
showing high productivity during intensive breeding. The work involved the breeds of
rabbits present for this period, which are adapted to keeping on a metal mesh floor, to a
high concentration of livestock, to the conditions of the microclimate of premises and
conditions of central Ukraine.

The study established (table.2) that young rabbits of the first control group (RSH)
at 90 daily age had a live weight of 2710 g they were significantly (p<0.01) dominated
by analogues of the second Group (3\4RSH1\4NB) at 163g, the third (1\4NB3\4RSH) at
120g(p<0.05), the sixth (2MRSH1MNB1\SV) at 200g(p<0.001), the seventh
(1MNB1VASV2\ARSH) at 1799(p<0.01), which is an increase in the indicator — the mass
of one head at 90 daily age.

The indicator of average daily increments(age period 28-90 days) in young rabbits
of the 2nd group of Origin 3\RSH1MNB significantly (p<0.01) prevailed over the
control of purebred young rabbits of the Soviet Chinchilla by 2.4 g. the average daily
increments in the sixth and seventh experimental groups were 38.3 and 38.0 g, which is
2.6; and 2.3 g significantly higher (p<0.01; p<0.05) from peers of the first group.

Table 2
Growth rate of young rabbits, (n=15)
Group Staging on Live weight of 1 head average daily
experience at 90 daily age, ¢ increments, g
Ik 4921935 2710+33,52 35,7+0,63
11 514£10,6 28734£35,14%* 38,1+0,5%*
I 52449,0%* 2830+44,93* 37,1£0,66
v 513+10,6 2797+32,54 36,8+0,45
Vv 515+13,37 2807+34,11 37,0+0,38
VI 53248,4%* 2910£32,81%** 38,3+0,47**
VII 527+13,93 28894+45,35%* 38,0+0,54*

Note. * p<0.05; * * p<0.01; * * * p<0.001 compared to the control group

Slaughter indicators (age 90 days) (table.3), in particular, the weight of a paired
carcass in groups was: 1 — 1358; 2 — 1474; 3- 1443; 4 — 1428; 5 - 1442; 6 — 1555 and 7 —
1512g. young rabbits of all experimental groups had a significant difference before the
control and dominated the first group by 1169 (p<0.001), 85g(p<0.05), 70g (p<0.01), 849
(p<0.01), 1979 (p<0.001), 1549 (p<0.001).

Slaughter yield was better in young rabbits of the sixth and seventh groups of
Origin 2/4 RSH1/4ANB1/4SV; 1/4ANB1/4SV 2/4RSH, which prevailed in the control group
by 3.33 and 2.23%.

Feed costs per 1 kg of growth in the groups were: 4.4 kg in the control group; in
the experimental groups, the feed efficiency was higher and ranged from 4.1 to 3.9 kg.
The 6th group of young rabbits of Origin 2/4RSH1/4NB1/4SV consumed food more
efficiently and outnumbered the peers of the Soviet Chinchilla by 500 g, and the 2nd by
300 g and the 7th by 450 g.

PKO in studies reflects the breeding value of the animal, determines its further
use: for breeding use or slaughter for meat.

The Comprehensive Assessment Index (PKO) was higher in all experimental
groups of young rabbits compared to the control, in particular, in groups 2, 3, 6 and 7 by

9
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14.3; 8.7; 17.9 and 15.6 to purebred peers of Group 1 of the Soviet Chinchilla (240.1).

The best indicators of fattening and meat productivity 2, 7 and especially 6
groups) were obtained by young rabbits of Origin 3/4RSH1/4NB; 1/4ANB1/4ASV2/ARSH;
2/4RSH1/4ANB1/4SV, due to the features of the three-breed combination of the maternal
genotype of Soviet Chinchilla rabbits with the breed of gray giant and New Zealand
White. This made it possible to concentrate (additive action) genes of high fattening
productivity.

Table 3
Fattening and slaughter indicators of young rabbits, (n=15)
Lower Back width | Weight of a slaughter Feed .

Groups| at 3 months of paired yield, % consumption | PKO

age, cm carcass, g ! per 1 kg of
I 5,69+0,128 1358+17,4 50,11 4.4 240,1
11 5,89+0,104 1474+20,4%** 51,3 4,1 254,4
111 5,84+0,126 1443424,0* 50,99 4,2 248,8
v 5,72+0,083 1428+15,9** 51,05 4,2 246,0
V 5,76+0,081 1442418 4** 51,37 4,2 2474
VI 6,14+0,126* 1555419,5%** 53,44 3,9 258,0
VII 6,07+0,113* 1512423, 7%%* 52,34 3,95 255,7

Note. * p<0.05; * * p<0.01; * * * p<0.001 compared to the control group

During crossing, fattening indicators of the 2nd and 7th and 6th groups increased
to rabbits of the 1st group: live weight at 90 daily age by 6.0; 6.6(p<0.01) and 7.4%
(p<0.001); average daily increases by 6.7(p<0.01); 6.4%(p<0.05) and 7.3% (p<0.01); loin
width by 3.5; 6.7 and 7.9%(p<0.01).

For breeding assessment of fattening and slaughter indicators of young rabbits,
the index of total heterosis was determined according to the formula of V. Gorin (table 4).

Table 4
General heterosis, young rabbits at 90 daily age

g killer output PKO

§ Origin Slaughter indicator PKO indicator
G) yield, % heterosis indicator heterosis

I RSH 50,11 240,1

1 3/4RSH1/4ANB 51,3 2,37 254,4 5,95
i 1/4ANB3/4RSH 50,99 1,76 248,8 3,62
1\ 3/4ARSH1/ACV 51,05 1,88 246,0 2,46
Vv 1/4SV3/4ARSH 51,37 2,51 247,4 3,04
VI | 2/ARSH1/ANB1/4ACV 53,44 6,64 258,0 7,46
VII | 1/ANB1/4SV2/ARSH 52,34 4,45 255,7 6,5

The index of total heterosis by Slaughter yield of young rabbit carcasses in the
experimental groups was: 2,37; 1,76; 1,88; 2,51, 6,64; 4,45%. The index of total heterosis
in terms of PKO was 5,95; 3,62; 2,46; 3,04; 7,46; 6,5 %.

10



!l
Hayxoeo-mexniunuii broremens Incmumymy meapunnuumea HAAH, 2025, Ne135 F=&

Economic efficiency from the use of three-breed crossing. In young rabbits
obtained from seven combinations, not only fattening indicators for groups changed, but
also economic ones(table.5).

Analysis of fattening of young rabbits showed that an increase in the growth
intensity (by 1.1 - 10.7%) in local young rabbits affected economic indicators. The cost
of feed costs per unit of growth was determined by multiplying the cost of 1 kg of feed
by the cost of feed per 1 kg of growth. The results of the study show that feed costs per 1
kg of growth in experimental groups of cross animals decreased to the indicators of the
first control group of young rabbits of the Soviet Chinchilla breed.

Reduction of the cost of feed by 1 kg of growth to Group 1 (48.4 UAH), in 2
experimental by 3.3 UAH; in 3 experimental by 2.2 UAH; in 4 and 5 also by 2.2 UAH;
in 6 by 5.5 UAH; in 7 experimental group by 4.95 UAH. This dynamics affected the
indicator of net profit and profitability of production.

The cost of production of 1 kg of rabbit meat was determined by the cost of feed
in the structure, which accounted for 70% of all direct costs.

Net income for the production of 1 kg of rabbit meat was by Group 1- 10,9; 2-
15,6; 3, 4 and 5-14,0; 6-18,7; 7-17,9 due to the inter - breed combination, it increased by
3.1-7.8 UAH.

The highest profitability of production, in terms of direct costs, was among young
rabbits of Group 2 — 24.2; groups 6 and 7 — 30.5%; 28.8%. Animals of these groups by
origin were two breeds - 3/4RSH1/4ANB and three breed crossbreeds:
2/4ARSH1/4NB1/4SV; 1/4ANB1/4SV 2/4RSH.

Table 5
Economic efficiency of fattening young rabbits

Groups

Economic indicators I I mr | Iv | v | VI | VII

Feed costs per 1 kg of weightgain, kg | 44 | 41 | 42 |42 |42 | 39 | 3,95

The cost of 1 kg of mixed feed, UAH. 11 11 11 |11 | 11 | 11 11

The cost of feed per 1 kg of weight 48,4 | 45,1 | 46,2 |46,2|46,2| 42,9 | 43,45

gain, UAH.

Feed in the structure of direct costs, % | 70 70 70 | 70 | 70 | 70 70
Cost of 1 kg of rabbit meat, UAH. 69,1 | 64,4 | 66,0 |166,0/66,0| 61,3 | 62,1
Sales price of 1 kg of rabbit meat, 80 80 80 | 80 | 80 | 80 80
UAH

Net income, 1 kg of rabbit meat, UAH | 10,9 | 156 | 14,0 |14,0(14,0| 18,7 | 17,9
Profitability, % 158 | 24,2 | 21,2 |21,2(21,2| 30,5 | 28,8

The use of reciprocal three-breed crossing provided not only an increase in the
fattening productivity of rabbits, but also:

- improved feed conversion;

- reduced direct costs for the production of a unit of rabbit meat;

- increased net income and profitability of rabbit meat production.

Studies have established that the use of Soviet Chinchilla rabbits as a mother breed
with males of the gray giant and New Zealand White breeds in reciprocal Crossing allows
increasing the maternal properties of rabbits and fattening and meat indicators of young
rabbits obtained from these combinations, especially the Origin: 3/4ARSH1/4ANB1/4SV;
1/ANB1/4SV 2/4RSH.

11
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Discussion. A more advanced, highly intensive industrial technology for rabbit
meat production was created in Europe 30-35 years ago. Its creators were two French
companies "Eurolap™ and "Hypharm". Breeding technologies are based on hybridization
with a maximum manifestation of heterosis of up to 25%. The material is 4-5 breeds
(great-great-grandmother's herd). Currently, for the industrial production of rabbit meat
in Ukraine, "French" or intensive technology is used. But a big problem remains for
Ukrainian rabbit meat producers the availability of highly productive rabbit heads adapted
to this technology.

At the Cherkassy Experimental Station of Bioresources of the National Academy
of Sciences, work was carried out to find successful breeding combinations of rabbits that
are capable of showing high productivity during intensive breeding in Ukraine. Local
populations of rabbits adapted to keeping on a metal mesh floor, high concentration of
livestock, indoor microclimate conditions were involved in the work, provided that
rabbits are resistant to pododermatitis, stress sensitivity, and are fertile...

Based on our research, it was proved that due to the combinative ability of three
breeds and the adaptability of their crossbreeds to the conditions of keeping in the farm
of the Cherkasy Experimental Station (intensive, industrial breeding), the best
combinations of rabbits, such as 2/4RSH1/4ANB1/4SV, 1/ANB1/4ASV2/4RSH, prevailed
the control group (RSH) in terms of indicators: live weight at 90 daily age by 6.6(p<0.01),
7.4% (p<0.001); average daily increases by 6.4%(p<0.05), 7.3% (p<0.01); lumbar width
by 6.7 and 7.9%(p<0.01).

The selection assessment of our studies was given by the index of total heterosis
in terms of slaughter yield, which in these groups was 6.64 and 4.45%, and the index of
total heterosis in terms of PKO - 7.46 and 6.5 %.

In studies, local young rabbits showed high fattening, slaughter productivity and
economic efficiency due to the origin and sowing of adaptation to the conditions of
industrial maintenance: the absence of pododermatitis, stress sensitivity.

Conclusions. Studies have established that the use in reciprocal crossing (various
combinations) as the mother breed of rabbits of the Soviet Chinchilla with males of the
breeds of the gray giant and the New Zealand White allows to increase the reproductive
properties of rabbits and fattening and meat indicators of young rabbits obtained from
these combinations.

The best indicators of fattening and meat productivity (2, 7 and especially 6
groups) were obtained by young rabbits of Origin 3/4RSH1/4ANB; 1/ANB1/4ASV2/ARSH;
2/4RSH1/ANB1/4SV, due to the features of the three-breed combination of the mother
breed Soviet Chinchilla with males of the gray giant and New Zealand White breeds. This
made it possible to concentrate (additive action) genes of high fattening productivity.

During crossing, fattening indicators of the 2nd and 7th and 6th groups increased
to rabbits of the 1st group: live weight at 90 daily age by 6.0; 6.6(p<0.01) and 7.4%
(p<0.001); average daily increases by 6.7(p<0.01); 6.4%(p<0.05) and 7.3% (p<0.01); loin
width by 3.5; 6.7 and 7.9%(p<0.01).

It is established that high fattening, slaughter productivity and economic
efficiency of local young rabbits showed due to the origin and sowing of adaptation to
the conditions of intensive industrial maintenance in Ukrainian farms.
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The research-and-practice work, based on a comparative-analytical approach
and the synthesis of zootechnical and veterinary data, resulted in the development of the
“Standards of Welfare for Therapeutic Horses” — the first national draft document
regulating ethical, zootechnical, and veterinary practice in the field of hippotherapy,
hipoinvention (equine intervention), and adaptive equestrian sports in Ukraine. The study
was conducted by the working group of the Non-Governmental Union "Ukrainian
Equine-Assisted Therapy and Adaptive Riding Association (UEAT-ARA)" using the
internationally recognized Five Domains Model by David Mellor, which provides a
comprehensive assessment of animal welfare at the level of physical and psycho-
emotional indicators. International protocols from the Federation of Horses in Education
and Therapy International (HETI), the International Equestrian Federation (FEI), and
other organizations were adapted to national conditions, taking into account the climatic,
economic, and breed characteristics of Ukrainian horse breeding.

The main achievements of the work include the introduction of clear quantitative
indicators: a minimum stall size of 3.65 x 3.65 m to ensure freedom of movement (which
exceeds typical norms for sport horses); limitation of the maximum concentrate portion
to 2 kg per feeding and prohibition of using cattle feed as a means of preventing obesity,
acidosis, and laminitis; a daily water intake norm of 25-50 L and a pasture area of 0.5-
1.0 ha per horse. The Standards focus special attention on psycho-emotional welfare —
they introduce a requirement for daily social interaction and define signs of behavioral
burnout, upon which work must be immediately stopped. For the first time in Ukraine,
the Standards establish provisions for the Responsibility for the Horse's Life Cycle after
retirement and the mandatory nature of an annual dental examination.

The proposed Standards form a scientifically sound regulatory basis for assessing
and controlling the welfare of horses in therapeutic programs, contributing to enhancing
the ethical status of equestrian centers, extending the effective working period of animals,
and ensuring the safety and quality of rehabilitation services in Ukraine.

Keywords: Therapeutic Horses, Equine Welfare, Hippotherapy, Five Domains
Model, Zootherapy (Animal-Assisted Therapy), Ethical Standards, Ukraine.
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I'pomancbka cninika «Cnvika cneniaJgicTiB 3 imorepanii, inoBeHUil Ta AIaITUBHOTO
KiHHOrO cniopty», Hoiimuranr (I'eccen), Himeuunna

Haykoeo-npakxmuuna poboma, wo ipynmyemscs Ha NOPIGHANbHO-AHATIMUYHOMY
nioxo0i ma cuumesi 300MEXHIYHUX | 6eMEPUHAPHUX OAHUX, npu3zeera 00 po3pooOKu
«Cmanoapmie 61a20nonyuysi MepaneemuyHux KoHel» - Nepuloco HAYiOHATbHO2O0
NPOEKMY OOKYMEHMA, AKUL pe2lamMeHmy€e emuyHy, 300MeXHIUH)y ma 6emepuHapHy
npakmuky y cgpepi inomepanii, inosenyii ma adanmuerHo2o KiHH020 cnopmy 8 YKpaiHi.
Hocniooicennsn euxkonano pobdouoro epynoro I'C «Cninka cneyianicmie 3 inomepanii,
inogenyii ma a0anmuerHo2o KiHH020 CHOPMY» i3 3ACMOCYBAHHAM MIHNCHAPOOHO 8U3HAHOL
Mooeni «ll’smu Oomenisy Jlegioa Mennropa, wo 3ab6e3neyye KOMHIEKCHY OUYIHKY
0006poOYmMy meapumn Ha pieHi I3UYHUX MA NCUXOeMOYIUHUX NOKA3HuKie. IIposedeno
adanmayiro mixchapoonux npomokonie @edepayii Horses in Education and Therapy
International (HETI), Miscnapoonoi ¢edepayii xinnoeo cnopmy (FEI) ma inwux
opeaHizayiti 00 HAYIOHATILHUX YMO8, YPaXo8yiouu KIiMamuyHi, eKOHOMIYHI ma nopooHi
0cobauBoCmi YKpaincbKo2o KOHAPCMEA.

OchosHi 3000ymKu pobomu NoasAeaioms )y 3anpo8aONCeH i YimKuX KilbKICHUX
NOKA3HUKIG: MIHIMAIbHULL pO3Mip OenHuka 3,65 % 3,65 m Ons 3abe3neuenus c60600u
pyxié (wo nepesuwiye munogi HOpmu Ol CHOPMUBHUX KOHel), O0OMeHCeHHs
MAKCUMAanbHoi nopyii Konyenmpamis 00 2 ke 3a Npuiiom i 3a060pOH) BUKOPUCMAHHS
kopmig 0nst BPX sk 3aco0ieé npoginakmuku 0X4CUpinHs, ayuoo3y ma iamiHimy; 00008y
Hopmy 6oou 25-50 1 i nnowy nacosuwa 0,5-1,0 ea na xons. Ocobaugy yeacy npuoiieHo
ACUXO0eMOYIUHOMY ONIA2ONONYYHI0 — 88€0€HO BUMO2Y WOOEHHOI COYianbHOI 83a€MOOII,
BU3HAYEHO O3HAKU NOBEOIHKOB020 GU20PAHHS, NpU AKUX pOOOMA Mae Oymu He2aiHo
npunuHena. Bnepwe 6 Yxpaini écmanogneno nonodiceHHs npo 8i0N0GiOANbHICMb 3a
HCUMMEBUN  YUKN — KOHA — NiCAd  CRUcamus ma 0008 ’513K08icmb  WOPIYHO20
CMOMAamo02iyH020 02/1A0Y.

3anpononosani Cmanoapmu ¢opmyome HAYKO8O 0OIPYHMOBAHY HOPMAMUBHY
OCHOBY 0151 OYIHKU MA KOHMPOJIO O1A20NO0NYYYs KOHEU ) mepanesmudHux npocpamax,
CHpUslOMb  NIOGUUWIEHHIO eMUYHO020 CMamycy KIHHUX UYeHmpis, NpoO00BX*CYIOmb
epexmuenuti poboyuii nepio0 meapuH i 3abe3neuyrome Oe3neyHicmvs ma AKICMb
peabinimayiunux nocnye 8 Ykpaiui.

KuarouoBi caoBa: TepaneBtuuni koHi, bnaromomyuuss konei, Imotepamis,
Monens «I1’siTu tomeniB», 3ootepanis (AHiManoTeparisi), ETuuni ctannaptu, Ykpaina.

The effectiveness of equine-assisted therapy and adaptive riding programs is
directly dependent on the physiological and psycho-emotional state of the therapeutic
horses, which are a central component of the rehabilitation process. According to
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international studies, stress factors caused by improper management or social isolation
significantly reduce the quality of therapeutic sessions and lead to the premature removal
of animals from work (Brandon et al., 2023; Cozzi et al., 2022; Hockenhull et al., 2021).
This underscores the necessity of considering the horse not merely as a tool, but as a
sentient being whose welfare directly correlates with the safety and effectiveness of the
therapy.

Scientific, Ethical, and Zootechnical Gaps in Ukraine — despite the growing
popularity of equine-assisted therapy in Ukraine (Kahan V., 2022; Naumenko O., 2024),
officially approved standards regulating the management of therapeutic horses are
currently absent. Existing regulations are primarily focused on sport or productive horse
breeding and do not account for the specific psycho-emotional loads involved in working
with people with disabilities. This gap creates a series of critical problems:

1. The problem of inadequate keeping conditions (Environment Domain):
Ukrainian practice often keeps horses in stalls whose area does not meet minimal needs.
Without a clear standard, such as a minimum stall size of 3.65 % 3.65 m, the risk of
restricted movement increases, leading to the development of stereotypic behaviour and
chronic stress. Furthermore, unregulated fencing requirements often permit the use of
dangerous materials, such as barbed wire, which can lead to injuries and the retirement
of the horse.

2. Risk of metabolic diseases (Nutrition Domain): The working conditions of a
therapeutic horse (low, yet monotonous load) require strict dietary control. The absence
of official Standards leads to overfeeding with concentrated feeds and uncontrolled
grazing, which are the main causes of obesity and laminitis. Specifically, there is no
standard limiting the concentrate portion to no more than 2 kg per feeding, nor is there an
explicit prohibition on cattle feed.

3. Ethical aspect and burnout (Behaviour and Mental State Domains): Horses are
highly social animals. Prolonged social isolation caused by stable confinement is a key
factor in burnout (Brandon et al., 2023). It is necessary to introduce a requirement for
daily social interaction and regulation of working load (a minimum of one full rest day
per week) to ensure psychological regeneration.

4. Health problems and longevity (Health Domain): The lack of standardized
veterinary protocols leads to the neglect of preventive measures, such as an annual dental
examination and regular hoof care/shoeing every 6-8 weeks. These gaps critically affect
the horse's working lifespan and its ability to work safely.

The concept of Animal Welfare has become central to modern animal husbandry,
and in the context of therapeutic equitation, a dual responsibility amplifies its role: for the
animal's welfare and for safe human-animal interaction. The Five Domains Model by
David Mellor (2017) is recognized as the optimal methodological framework for the
systematic assessment of equine welfare, as it encompasses the physical (Nutrition,
Environment, Health, Behaviour) and mental aspects of welfare.

Therefore, the creation of national Standards for the Welfare of Therapeutic
Horses is a pressing task from both a scientific and a practical perspective. These
Standards, developed by the Non-Governmental Union "UEAT-ARA," are the first in
Ukraine to include a section on responsibility for the horse’s life cycle after retirement,
which demonstrates a transition to the highest ethical principles.

The purpose of the study is to substantiate and present the new Standards for the
Welfare of Therapeutic Horses for equine-assisted therapy in Ukraine, based on the Five
Domains Model, adapted to Ukrainian conditions, and aimed at increasing the
effectiveness and ethical nature of working with therapeutic animals.
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Materials and methods. The object of the study is the processes of ensuring the
welfare of horses involved in equine-assisted therapy and adaptive riding programs in
Ukraine, with an emphasis on identifying and minimizing specific risk factors. The focus
of the study is concentrated on identifying factors that influence the long-term working
participation of animals, minimizing the risks of trauma and the development of
metabolic disorders, as well as preventing professional burnout.

The experimental base is the working group of the Non-Governmental Union
"Ukrainian Equine-Assisted Therapy and Adaptive Riding Association” (UEAT-ARA).
The working group included multidisciplinary specialists in veterinary medicine (equine
specialists), animal engineering (zootechnics), equestrian sports, and hippotherapy. The
working group based the work on the analysis of data obtained from 12 equestrian
rehabilitation centers in Ukraine and expert consultations, which provided an empirical
basis for adapting international norms to national realities.

The working group based the development of the "Standards of Welfare for
Therapeutic Horses™ on a comparative-analytical approach and included the following
detailed stages:

1. Search stage — analysis of international experience (HETI, FEI, and European
Animal Welfare Platform): The working group conducted a systematic review of leading
international protocols and scientific publications in WoS/Scopus (over the last 5 years)
regarding stress factors and the welfare of horses in AAI programs. Primary attention
focused on quantitative requirements and specific protocols absent in domestic
regulation: minimum stall area, feeding protocols for horses with low workload, and
socialization requirements.

2. Theoretical modeling — using the Five Domains Model by Mellor D &
Beausoleil N. (2020) as the basic framework: The working group used the Model as a
methodological framework allowing for the classification of zootechnical and veterinary
requirements across four physical domains (Nutrition, Environment, Health, Behaviour)
and the fifth, integrating, psycho-emotional domain (Mental State). This allowed the
working group to develop a document aimed at ensuring positive welfare, rather than just
avoiding suffering, which corresponds to the highest ethical standards of Animal Welfare.

3. Expert adaptation — surveys and consultations with Ukrainian specialists: The
working group collected and generalized expert assessments, which allowed adaptation
of international requirements to specific Ukrainian conditions: climatic features, the
economic base of equestrian centers, and typical breed composition. At this stage, the
working group established specific quantitative indicators (for example, the minimum
stall size of 3.65 x 3.65 m and the limitation of concentrates to no more than 2 kg per
feeding), which are economically achievable and scientifically justified.

4. Systematization — classification of key horse welfare requirements and
formulation of the draft regulatory document: The working group structured the
requirements covering the entire life cycle of a therapeutic horse: from preparation and
training to ethical retirement and life cycle planning. The result detailed the Standards,
which includes, in addition to the main domains, requirements for life cycle planning and
mandatory annual dental examination (minimum once a year).

To substantiate the practical effectiveness of the Standards, the working group
applied the following methods of analysis:

o Logical analysis — for structuring the Standards and formulating ethical
principles (e.g., prohibition of training methods based on fear).
o Comparative generalization — for comparing the developed Standards with

existing (outdated) domestic horse breeding norms and identifying key differences,
especially regarding socialization and feeding.
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o Statistical data evaluation — for substantiating quantitative indicators,
based on data regarding the frequency of trauma, laminitis cases, and behavioural
deviations (e.g., stereotypies) in therapeutic horses in Ukraine, which indicates the
necessity of correcting keeping conditions.

Project Creation and Independent Peer Review: The first edition of the Standards
underwent internal discussion and was recommended for publication by specialized
agricultural universities (National University of Life and Environmental Sciences of
Ukraine and Mykolaiv National Agrarian University), which confirms its scientific
significance.

Research results. The main result of the research-and-practice activities
implemented by the working group of the Non-Governmental Union "Ukrainian Equine-
Assisted Therapy and Adaptive Riding Association” was the development and
systematization of the "Standards of Welfare for Therapeutic Horses". The document
establishes comprehensive, scientifically justified quantitative and qualitative norms
aimed at minimizing the risks of professional burnout, metabolic pathologies, and
behavioral disorders in therapeutic animals involved in rehabilitation processes. This
document represents the first holistic regulatory draft in Ukraine that systematizes
requirements for ethical handling, proper management, involvement, and training of
partner horses in equine-assisted therapy and adaptive riding programs. Its development
was a response to the urgent need to create a unified regulatory framework that combines
international animal welfare standards with the realistic conditions of Ukrainian horse
breeding.

The main conceptual idea of the document is the formation of a unified model for
assessing the welfare of therapeutic horses, based on the integration of principles of
veterinary medicine, zootechnics, and ethology with the practical aspects of horse
functioning in a therapeutic environment. This model allows not only for the definition
of quantitative parameters of physical management — stall area, feeding regime, access to
water, or duration of turnout — but also for the evaluation of psycho-emotional factors
related to the level of socialization, adequacy of workload, and the presence of stress
signs. Considering these aspects, the Standards form a comprehensive system designed
to ensure a stable balance between the horse's physical health and psychological comfort,
which is a key condition for its reliability, safety, and effectiveness in therapeutic
programs.

An interdisciplinary approach, which combined elements of international
regulations (HETI, FEI, and The British Horse Society) with scientific research in the
fields of behavioral biology, veterinary medicine, and cynology, made possible the
development of the Standards. Unlike general livestock norms, these Standards focus on
the specifics of the working participation of therapeutic horses — animals whose activity
involves intensive contact with people, including patients with disabilities or psycho-
emotional disorders. That is why the document pays key attention to issues of stress
resistance, behavioral balance, prevention of overwork, and psycho-emotional burnout.

One of the most important directions of the study was the regulatory provision of
the physical environment and safety, which combines requirements for the surroundings,
microclimate, and material and technical conditions of horse management. For the first
time at the national level, the minimum stall size has been defined as 3.65 x 3.65 m (13.32
m?), which significantly exceeds the generally accepted indicators for sport and working
horses. Such space allows the animal to freely perform natural movements, lie down in
complete relaxation, and turn around without restriction, which is an important prevention
of the development of stereotypic behaviour caused by sensory deprivation. Ethological
observations conducted within the framework of document preparation confirmed that
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limited space directly affects the level of stress, manifestations of apathy or hyperactivity,
and the likelihood of musculoskeletal disorders.

Requirements for shelter and lighting also have clear criteria. It is determined that
the shelter can be both stationary and natural, but it must necessarily provide protection
from precipitation, direct sunlight, wind, and excessive overheating. Special attention is
paid to ventilation — air movement must be sufficient to remove ammonia fumes, but
without creating drafts. In the context of safety, the Standards introduce a strict
prohibition on the use of barbed wire and fine metal mesh, which farmers traditionally
use in agricultural fencing for cattle or sheep. The Standards define these materials as
trauma-hazardous, as they can cause skin cuts, tendon injuries, or infectious
complications.

A separate subsection of the Standards defines provisions on fire safety. The
Standards foresee the mandatory presence of an evacuation plan, inspected fire
extinguishers, and alarm systems in equestrian centers, as well as periodic training of
personnel in emergency situations. This provision reflects European standards of humane
management, where experts consider animal safety a component of human ethical
responsibility.

The second fundamental direction was the section dedicated to regulating the diet
and pathology prevention, which systematizes the principles of balanced feeding in
accordance with the energy needs of therapeutic horses. Based on international veterinary
data, the Standards establish that the minimum daily fiber intake must be no less than 1.5-
2% of the animal's body weight. This allows for maintaining stable gastrointestinal tract
function, preventing the development of colic and ulcer disease. The Standards also
define a limit on the amount of concentrates — no more than 2 kg per feeding, which is a
prophylactic measure against acidosis and laminitis.

To prevent intoxication, the document introduces a prohibition on the use of
compound feed intended for cattle, which may contain ionophore antibiotics that are toxic
to horses even in low doses. The Standards also foresee the requirement for quality control
of pastures and the removal of poisonous plants, such as ragwort, yew, hemlock, or
acorns, from them. Additionally, a document regulate the water consumption norm —from
25 to 50 liters per day depending on body weight, temperature regime, and physical load.

The ethological and psycho-emotional block, which covers social behavior,
adaptability, and workload regulation, occupies a special place in the document's
structure. Therapeutic horses, unlike sport horses, function in a mode of close emotional
interaction with people. Therefore, the lack of socialization with members of their own
species quickly leads to psychological imbalance, increased cortisol levels, and the
appearance of frustration reactions. The developed Standards provide for daily social
interaction — both in the form of group turnout and through the possibility of visual and
tactile contact with other horses. The Standards allow isolation only for medical reasons
or during quarantine.

Workload regulation has become another innovative component. The document
establishes a norm of at least one full rest day per week and defines clear indicators of
professional burnout in the horse, including apathy, refusal to interact, aggression,
reduced reactivity, or the appearance of stereotypic movements. In case of detection of
such symptoms, the specialist must immediately stop the animal’s work, followed by a
veterinary or ethological assessment of the condition.

No less significant is the veterinary and ethical block, which contains protocols
for care, treatment, and disease prevention. For the first time at the regulatory level, the
Standards establish the requirement for an annual dental examination, which allows for
timely detection of pathologies of the chewing surface of the teeth and prevention of
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mucosal injuries. The Standards recommend hoof care every 6-8 weeks. All horses must
have an individual veterinary passport, which records data on vaccination, deworming,
clinical examinations, and disease cases.

The ethical aspect concerns not only the physical but also the moral comfort of
the animal. The Standards strictly prohibit the use of any training methods based on fear,
pain, or punishment. A document define Positive reinforcement as the main principle of
training, ensuring the formation of stable trust between the horse and the person. The
Standards also pays significant attention to tack: it must be correctly fitted, not create
pressure on sensitive areas, and not restrict breathing.

The final block dedicates itself to regulating personnel qualification and ethical
responsibility for the animal's life cycle. According to the Standards, all persons working
with therapeutic horses must have basic knowledge of ethology, veterinary science, and
zootechnics. A document especially emphasize the importance of understanding the signs
of early stress, pain, or fatigue. At the same time, the Standards introduce the principle of
responsibility for the life cycle — the duty of the owner or center to ensure humane
treatment of the animal even after the completion of its work in therapeutic programs.
This may include transferring the horse to a shelter, private keeping, or a "retirement care"
program.

Thus, the results of the study show that the proposed Standards are not just a
technical document, but also a holistic ethical system that combines veterinary,
behavioral, and humanistic principles. They create the basis for the formation of a modern
Ukrainian model of hippotherapy, in which animal welfare is the basic condition for the
safety and effectiveness of the therapeutic process.

Discussion. The developed "Standards of Welfare for Therapeutic Horses" are the
result of in-depth interdisciplinary work combining zootechnical, veterinary, behavioral,
and ethical components. They simultaneously serve as a strategic document that aligns
with international trends in the development of humanistic approaches to human-animal
interaction (Fisher & Blevins, 2022; Schuurman et al., 2020). Their conceptual value lies
in the transition from the traditional "avoidance of suffering"” paradigm to the modern
concept of positive welfare, which involves not only preventing pain or physical
discomfort but also creating conditions for the realization of natural behavioral patterns,
the satisfaction of social and cognitive needs, and the formation of a stable positive
emotional state in animals.

At the same time, the developed Standards possess a significant advantage due to
their deep adaptation to national horse management conditions. Significant seasonal
temperature fluctuations, heterogeneous feed bases, varying levels of technical provision
in equestrian centers, and limited financial resources within the industry characterize
Ukrainian horse breeding. This necessitates the creation of realistic and scientifically
justified regulations that do not burden practice with excessive requirements while
maintaining high quality of care and ethical standards. Thus, the proposed provisions go
beyond the minimum requirements for management and care, forming a national model
capable of ensuring horse welfare under various climatic and socio-economic conditions.
In their entirety, these norms bring the Ukrainian system closer to the level of modern
European standards, while preserving their practical attainability and resilience to local
challenges.

The methodological basis of the development — the Five Domains Model by David
Mellor (2017) — allowed for the integration of physiological (Nutrition, Environment,
Health, Behaviour) and psychological parameters into a unified assessment system. This
approach has a significant advantage over the traditional "Five Freedoms™ concept, as it
focuses not only on preventing negative states but also on actively promoting positive
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ones. This is crucial for therapeutic horses: their emotional balance directly affects patient
safety and the stability of interaction during sessions (Fisher & Blevins, 2022; Irvine et
al., 2020).

One of the most important methodological shifts within the work on the Standards
was the formulation of the concept of ethological comfort as a criterion for the
professional suitability of a therapeutic horse. Unlike sport or agricultural animals, horses
working in hippotherapy experience constant emotional stress. They interact daily with
people who may exhibit unpredictable motor behavior or altered psycho-emotional states.
Therefore, a stable nervous system, calm reactivity, and the ability to co-regulate
emotions with a human are just as important as physical health. The Standards clearly
define that stress resistance must be viewed as the result of the interaction between
management conditions, the training system, and the animal’s social experience.

Numerous scientific studies support the requirement for daily social interaction
among horses, proving that isolation is a powerful trigger for the development of
stereotypies, aggression, or apathy (Hockenhull et al., 2021; Brandon et al., 2023). As
part of the document preparation, the working group analyzed 18 ethical protocols of
international equine associations, which recognize socialization as a fundamental right of
the horse. In Ukrainian conditions, this requirement gains even greater relevance, as most
rehabilitation centers do not have large herd structures; thus, it is important to provide for
even minimal forms of communication — through partnered turnout or visual contact.

Equally important is the transition from harsh training to the principles of positive
reinforcement. Within the Standards, this is enshrined as an ethical norm that mandates
the use of training methods without coercion, pain, or fear. Such an approach, on the one
hand, improves trust between the animal and the trainer, and on the other, forms a reliable
behavioral foundation for working with patients, especially children, people with autism
spectrum disorders, or post-traumatic stress disorders. The results of a number of studies
confirm that horses trained using a positive scenario demonstrate lower levels of cardiac
and hormonal stress markers (Schuurman et al., 2020; Miller et al., 2023).

A crucial innovation is the introduction of quantitative criteria that transform
ethical principles into practically measurable indicators. For instance, the minimum stall
area of 3.65 x 3.65 m allows for an objective audit of management conditions, while the
norm regarding the maximum volume of concentrates (2 kg per feeding) is an indicator
that the auditor can directly verify in the center’s feed records. Quantitative specification
ensures the unity of interpretation of the standards at the national level, which is especially
important during the accreditation of hippotherapy institutions.

Particular attention focuses to the prevention of metabolic and behavioral
pathologies, which are the main causes of premature removal of horses from therapeutic
programs. Data obtained during the analysis indicate that over 60% of culling cases are
associated precisely with digestive disorders (laminitis, colic) or behavioral disorders
caused by stress and hypodynamia (lack of movement). The introduction of standardized
feeding and regular turnout is a direct preventative measure against these problems.

The ethical protocol for the animal's life cycle is also a key strategic element.
Traditionally in Ukraine, the fate of a horse after the completion of its working period
remained outside legal and moral regulation. The introduction of the provision on the
mandatory responsibility of the owner or center for the animal after its retirement is a
significant step towards the humanization of the industry. This aligns with the
international practice of HETI and the recommendations of the European Animal
Assisted Therapy Association, which consider post-work care an integral part of the
ethical cycle of working with animals (Ostrovska & Ostrovsky, 2021).
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In general, the Ukrainian Standards’ adaptability distinguishes them, meaning
they take into account the real possibilities of the industry. Many centers operate on a
community or volunteer basis, lacking powerful resources for expensive equipment.
Therefore, the text of the document uses wording that combines mandatory norms with
flexible recommendations. For example, the requirement for providing shelter allows for
the use of both stationary premises and mobile canopies, provided they meet ventilation
and safety requirements. This approach makes the document practical and universal —
centers can apply it in small private farms and large equestrian complexes.

No less significant component of the Standards is the professionalization of
personnel. The document emphasizes the necessity of training new types of specialists —
with integrated knowledge in the fields of zootechnics, veterinary science, and
psychology. For working with therapeutic horses, mastering riding technique is
insufficient; competencies in recognizing non-verbal signs of stress, behavioral features,
and emotional reactions of animals are required. This forms a new culture of
communication between human and horse, in which we perceive the animal not as a tool
of therapy, but as a partner in the process.

The developed norms also create the basis for further scientific standardization in
Ukraine. The presence of clearly defined indicators allows for the development of
monitoring, certification, and veterinary audit systems, which are the basis for the
integration of Ukrainian hippotherapy practices into the international sphere. In the
future, this may contribute to the inclusion of Ukrainian centers in the unified HETI
registries and the receipt of international grants for the development of ethical programs
in the field of animal-assisted therapy.

In summary, the study states that the development of the "Standards of Welfare
for Therapeutic Horses" is not only a regulatory event but also a valuable transformation
in the attitude towards the animal as a subject of the therapeutic process. It demonstrates
a shift from a utilitarian approach to conscious ethical interaction, where the horse's
welfare is not a secondary factor but the central criterion for the quality and safety of the
service. This is where the strategic novelty and humanistic significance of the presented
work lie.

Conclusions. The results of the conducted research-and-practice work indicate
that the development of the "Standards of Welfare for Therapeutic Horses" is not only a
response to the practical needs of the industry but also a fundamental step in forming a
national system for the ethical regulation of animal involvement in therapeutic purposes.
The created document combines the theoretical foundation of modern animal welfare
science with realistic mechanisms for its implementation in the professional practice of
Ukrainian equine-assisted therapy and adaptive riding centers.

Firstly, the study proved that the application of the Five Domains Model by David
Mellor as a methodological framework allows for a holistic approach to assessing both
the physical and psycho-emotional state of the horse. This model creates the theoretical
basis for integrating veterinary, zootechnical, and behavioral parameters into a unified
welfare control system. The use of this concept enabled a shift from the traditional, purely
biomedical paradigm of animal care to an understanding of the horse as an active
participant in the therapeutic process, possessing its own needs, resources, and boundaries
of resilience.

Secondly, the developed Standards, for the first time in Ukraine, established
quantitatively defined norms that allow for the objective assessment of the welfare level.
These include the minimum stall area (3.65 x 3.65 m), the recommended pasture area
(0.5-1.0 ha per animal), limitation on the amount of concentrates (up to 2 kg per feeding),
the minimum daily volume of fibrous feeds (1.5-2% of body weight), and the average
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norm of water consumption (25-50 liters per day). Such indicators not only unify
management requirements but also create the opportunity for implementing a system of
monitoring and independent auditing of centers working with therapeutic horses.

Thirdly, a significant scientific achievement is the ethological justification of the
principles of social interaction, according to which experts consider daily contact among
horses a basic condition for emotional stability. The study proved that social isolation
causes an increase in cortisol levels, the emergence of frustration reactions, and the
development of stereotypies, which, in turn, reduces the effectiveness of therapeutic
sessions and increases the risk of injury. Thus, the requirement for socialization is not
only humanistic but also zootechnically expedient.

Fourthly, the document formulated a new principle for Ukrainian practice: ethical
responsibility for the horse's life cycle. This means that the animal remains under human
care even after the completion of active work in therapeutic programs. The Standards
foresee the obligation to ensure humane management, medical supervision, and safe
conditions for aging or non-working animals. Such an approach has important social and
educational significance, as it promotes the formation of a culture of responsible attitude
towards horses as living partners, not tools of rehabilitation.

The fifth aspect concerns the ethical and training protocols, which the Standards
systematically regulate for the first time within a national document. The use of positive
reinforcement principles during the training and correction of horse behavior, as well as
the categorical prohibition of methods that cause pain or fear, creates the basis for
harmonious interaction between the animal and the specialist. The introduction of such
norms is a significant contribution to the humanization of zootherapy practices, as the
trust between the horse and the human determines the quality of the therapeutic process.

The sixth important conclusion is the confirmation that the systematization of
veterinary procedures (annual dental examinations, regular hoof trimming/shoeing,
prophylactic deworming, and vaccination) not only prevents the development of diseases
but also extends the horse's active working period. The implementation of these protocols
has a direct economic effect, reducing the number of cases of culling animals due to
complications related to metabolic or orthopedic problems.

The seventh direction that demonstrated particular scientific novelty is the
professionalization of personnel. The developed qualification requirements mandate
basic training for specialists in animal ethology, zootechnics, veterinary science, and
psychology. This ensures the formation of a competent environment capable of
recognizing early signs of stress or overwork, and adjusting working conditions according
to the individual characteristics of the horses.

Thus, the developed Standards perform a dual function — practical and conceptual.
On the one hand, they act as a regulatory document establishing specific rules,
parameters, and criteria for the care of therapeutic horses; on the other, they are a
scientific and educational tool that shapes a new culture of human-animal interaction in
the field of therapeutic practices.

The practical significance of the study lies in the fact that the created document
can be used as a basic standard for the accreditation of hippotherapy and adaptive riding
centers, as well as a training and methodological resource for specialist preparation. Its
implementation will contribute to the harmonization of Ukrainian approaches with
international practices, ensure an increased level of safety during rehabilitation sessions,
and strengthen the reputation of hippotherapy as an ethically responsible industry.

In the prospect of further research development, the working group envisions in-
depth work on creating a methodology for the objective assessment of the welfare level
of therapeutic horses, and it will be base this methodology on behavioral, physiological,
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and biochemical indicators. The working group also plans the development of an
electronic monitoring system that allows for dynamic control of the animals' condition in
real-time.

Therefore, the findings indicate that the implementation of the "Standards of
Welfare for Therapeutic Horses" will have a comprehensive positive effect:

e it will increase the level of welfare and safety of the animals;

e it will ensure the stability and reliability of the therapeutic process;

e it will extend the active working period of the horses;

e it will contribute to the international integration of Ukrainian centers into the
global system of ethical practices;

e it will strengthen the humanistic and scientific basis of Ukrainian animal
husbandry in general.

Thus, the developed Standards are a significant contribution to the development
of modern zootechnics, veterinary medicine, and rehabilitation technologies in Ukraine.
Their implementation will not only enhance the effectiveness of therapeutic programs but
also lay the foundation for the formation of a national ethical policy in the sphere of
human-animal interaction.
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The study was conducted in the production conditions of the State Research
Station of Poultry Breeding of Livestock Farming Institute of the NAAS (village Birki,
Kharkiv region) on the parent flock of Birkivska barvysta chickens. The effectiveness of
using 1% crushed walnut leaves (Juglans regia) as a phytogenic feed additive in the
composition of compound feed was studied. During the six months of the experiment, it
was found that the use of the phytoadditive contributed to a reduction in the age of the
beginning of egg laying, more stable dynamics of egg production, increased egg
production intensity, hatching egg yield and bird survival, which indicates a
strengthening of the physiological state of the bird and a decrease in the impact of stress
factors. Experimental hens that consumed walnut leaves began egg laying five days
earlier, and their average egg production during the period increased by 6.8%. Under
the influence of biologically active substances of the leaves (phenolic compounds,
flavonoids, juglone), an improvement in the quality of incubation products was observed
- the yield of incubation eggs increased from 65.1 to 69.0%, while the weight of eggs
remained stable, which indicates a balanced use of nutrients without overloading the
body. A decrease in feed consumption per 10 eggs by 6.7% confirmed an improvement in
feed conversion, which is explained by the positive effect of the phytoadditive on digestion
and metabolic balance. The survival rate of the livestock in the experimental group
reached 98.9%, which is 2.9% higher than in the control, and indicates the
immunomodulatory properties of the additive. Economic calculations confirmed the
feasibility of using walnut leaves as a phytogenic additive in the diet of chickens. An
increase in profit from the sale of eggs by 18.4% and a decrease in the cost of one
incubation egg from 7.32 to 6.43 UAH were recorded, which provided an additional effect
of 14.05 thousand UAH for the experimental period. At the same time, the use of self-
prepared raw materials made the technology more profitable, but even if raw materials
were purchased from suppliers, the use of leaves remained economically justified with an
efficiency of 4.47 thousand UAH relative to the control. The results obtained indicate that
walnut leaves can be used as an affordable, environmentally safe and effective phytogenic
supplement in the diets of parent flock chickens as an alternative to synthetic antioxidants.
This approach contributes to increasing the productivity and viability of poultry,
improving product quality and improving economic indicators, which makes the
technology suitable for implementation in organic poultry farming systems.

Keywords: walnut leaves; phytogenic supplement; parent flock chickens;
productivity; economic efficiency; organic poultry farming.
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JepxaBHa gocjiaHa cranuiss nrtaxiBHuuTBa Incruryry teapunnunursa HAAH,
c. bipkn, XapkiBcbka o0s1acTh, YKpaina

Hocniooicenusn npogedeno y supoonuuux ymosax /lepacasnoi 0ocuionoi cmanyii
nmaxienuymea Incmumymy meapunnuymea HAAH (c. Bipku, Xapkiecvka 061.) Ha
bamvkiecbkomy cmaoi kypeu nopoou bipkiscbka bapsucma. Bueueno egpexmusnicmo
sukopucmannss 1 % noopibuenoco nucms eonocvkoeo ecopixa (Juglans regia) sx
@imoeennoi kopmogoi 006asku y ckaadi Kombikopmy. Ynpoooeic wecmu micayie
00Ci0y 8CMAHOBIEHO, WO 3ACMOCYB8AHHA (DiMO000OABKU CHPUSAILO CKOPOUEHHIO GIKY
noYamKy AUYeKIA0KU, CMAOLIbHIWIN OUHAMIYI Hecy4ocmi, NiIOBULEeHHIO THIMEHCUBHOCTI
Hecywocmi, 6uxo0y IHKyOayiuHux seyv i 30epedxceHocmi nmuyi, wjo ceiouums npo
3MiYyHeHHs (DI3I0NI02IYHO20 CMAHYy NMUYi Ma 3HUNCEHHS BNIUBY CMPECO8UX YUHHUKIG.
Hocnioni Kypu, Axi cnoocuganu 2opixoge Iucms, no4anu sSUYeKiaoky Ha n’sime OHi8
paniwe, a ix cepeons Hecyuicmo 3a nepioo 3pocia na 6,8 %. I1io éniueom 6Oionociuno
AKMUBHUX PeyOBUH TUCM ((DeHONbHUX CNONYK, (Ia8OHO0I0I8, 021I0HY) cnocmepieanocs
NOKPAWeHHIO AKOCMI THKYOayiiuHoi npoOoyKyii — euxio IHKYOayiuHux seyb NiOBUWUBCS 3
65,1 0o 69,0 %, mooi sx maca sA€yb 3AMUMATACT CMAOLILHOW, WO CIOYUMDb NPO
30anancosane SUKOPUCMAHHA NONCUBHUX DEeUOBUH 0e3 NepesaHmadCeHHs Op2aHi3MY.
3menwenns gumpam kopmy Ha 10 aeyv na 6,7 % niomeepouno noninuieHHs KoHeepcii
KOpMY, WO NOACHIOEMbCSA NOSUMUBHUM GNIUBOM (DImMo000asKU HA MpaeieHHs mda
Memaboniuny pienoeazy. 36epesiceHicmsb no2onie’sa y oocniouit epyni docaeana 98,9 %,
wo Ha 2,9 % euwe, Hidc Yy KOHMPOI, i C8IOUUMb NPO IMYHOMOOYNIOIOYL 81ACMUBOCTE
0obasxu. Exonomiuni pospaxyHxu niomeepounu OOYiNbHICMb SUKOPUCNAHHA JTUCTS
B0JI0CHbK020 20pixa sIK (pimozenHoi 000a6xku 8 payioni Kypeti. 3agixcosano nioguujeHHs
npubymky 6i0 peanizayii seyv Ha 18,4 % i 3uudcenns cobisapmocmi 00HO2O
inkybayitinoeo suysa 3 7,32 0o 6,43 epH, wo 3a6e3neuuno dooamxosuil egpekm 14,05 muc.
2pH 3a nepiod docnidy. Ilpu ybomy SUKOPUCTNAHHS BILACHOPYY 3A20MOBILEHOI CUPOBUHU
3pobuno mexnono2ito Oinbu penmabdenvHow, anre U 3a YMO8U NPUOOAHHA CUPOBUHU Y
NOCMAYATbHUKIE BUKOPUCMAHHS TUCMSL  3ATUWANOCS eKOHOMIYHO GUNPABOAHUM 3
epexmuenicmio Ha pieni 4,47 muc. epn 6i0nocho konmpono. Ompumani pe3yrbmamu
ceiouamnv, W0 AUCMS BOJIOCLKO20 20pixa Modice Oymu GUKOpUcmaue sIK OOCMYNHA,
eKoNo2iuHO Oe3neuna ma egekmusHa @imoeenHa 000a8Kka y payioHax Kypeu
bamwvKiecbk020 cmaoa fAK AlbMEePHAMU8a CUHMEMUYHUM aHmuokcuoanmam. Taxuil
nIOXi0 CNpuse NiOBUWEHHIO NPOOYKMUBHOCMI | HCUMMEZOAMHOCIMI NMUYIL, NOKPAUWEHHIO
AKOCMI NPOOYKYii ma NONINUEHHIO eKOHOMIYHUX NOKA3HUKIB, WO poOUms mMexHono2i
NPUOAMHOIO O BNPOBAONCEHHS 8 CUCIEMAX OP2AHIYHO20 NMAXIGHUYMEBA.

KirouoBi cioBa: nHcTs BOJIOCBKOTO Topixa; QiToreHHa mo0aBka; Kypu
0aTbKIBCBKOTO CTala; MPOAYKTUBHICTh, €KOHOMIYHA €(EeKTHUBHICTh; OpraHidHe
[ITaX1BHUIITBO.

Introduction. Modern poultry farming operates in conditions of constant growth
of feed components cost, high competition and strict requirements for product safety.
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According to most analysts, feed costs account for up to 70% of the cost of eggs and
poultry meat, therefore, optimization of feeding remains a key factor in increasing the
profitability of the industry. At the same time, increased regulatory restrictions on the use
of antibiotics as growth promoters have made the search for natural alternatives that can
support the productivity and health of poultry without loss of economic efficiency more
urgent (Aminullah et al., 2025; Biswas et al., 2024).

In recent years, a significant amount of data has been accumulated in the scientific
literature, confirming the feasibility of using phytogenic feed additives as natural growth
promoters. Such additives contain a wide range of biologically active substances -
essential oils, polyphenols, flavonoids, tannins, which exhibit antioxidant, antimicrobial,
anti-inflammatory and immunomodulatory properties (Oni & Oke, 2025; Oke et al.,
2024). The use of phytogenic components in compound feeds contributes to the
normalization of digestion, improvement of the intestinal microbial balance and increased
feed conversion, which provides economic benefits without the use of antibiotics (Ren et
al., 2025; Abdelli et al., 2021).

The results of numerous experiments indicate that phytonutrients not only
stabilize the physiological state of the bird, but also positively affect the quality of
products. In particular, Ren et al. (2025) found that the addition of a phytogenic complex
to the diet of broilers improved growth performance, meat quality and the composition of
the intestinal microbiota. In the study by Suresh et al. (2023) the use of a plant complex
in the feeding of laying hens increased egg production and improved eggshell quality,
while Moyano et al. (2023) confirmed the positive effect of phytogenic additives on the
productivity of industrial crosses. Similar results were obtained by Bhagwat et al. (2021),
who showed an increase in the proportion of hatching eggs in the population of parental
forms of chickens with the introduction of phytogenic stimulants. The effectiveness of
such approaches is also confirmed by the summarized data of the meta-analysis of
Martinez et al. (2020), according to which the addition of phytogenic preparations reduces
feed costs per unit of bird body weight gain by 3-6%.

From an economic point of view, the use of plant feed additives often provides
higher profitability compared to traditional antibiotic stimulants, even with an initial
increase in ingredient costs (Mincheva et al., 2025). Thus, the authors showed that the
inclusion of 0.5-1% of a mixture of herbs or essential oils in the diet of broilers increases
the profitability of production by 7-12% due to better feed conversion and reduced
mortality. Similar conclusions were made by Salihu et al. (2024), noting that the addition
of Ocimum spp. leaf powder improves body weight gain and reduces the cost of 1 kg of
product. Similar results were obtained by Ghanem et al. (2021) for diets with cinnamon:
the increase in the economic efficiency of feeding was more than 10% compared to the
control. Taken together, these results indicate that phytoadditives, even in small doses,
can significantly improve the financial performance of poultry farming without losing
biological safety.

Walnut leaves (Juglans regia), which are an available and renewable raw material
in Ukraine, attract special attention among phytogenic agents. The study by Mitek et al.
(2022) showed that walnut leaves contain a high concentration of polyphenols, catechins,
juglone, as well as significant amounts of minerals (Ca, Mg, Fe) and vitamins. Due to this
composition, it has antioxidant, bactericidal and antiparasitic activity. Similar conclusions
were obtained in the work of Gaviley et al. (2024), where it was determined that the total
content of phenolic compounds in walnut leaves reaches 2.7 mg/g, which indicates its
high bioactivity and potential as a phytoadditive in animal nutrition. Studies by Untea et
al. (2020) and Popescu et al. (2020) proved that the inclusion of 1% walnut or blueberry
leaf powder in the diets of laying hens increases the antioxidant properties of the yolk,
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reduces the level of lipid peroxidation and improves the safety of the bird. This indicates
that the use of local plant raw materials has not only biological but also economic
advantages — the ability to reduce the need for expensive imported additives and reduce
costs for veterinary drugs.

In addition to the beneficial effect on physiological processes, phytobiotics can
significantly increase the profitability of production. According to Ignatovich (2023), the
introduction of phytobiotics into the diets of laying hens of various crosses contributed to
better feed utilization, increased egg yield and increased economic returns. Economic
efficiency was also confirmed by Vinus et al. (2018), who summarized the results of
numerous experiments and showed that plant additives, being components from nature,
are considered not only safe and environmentally friendly, but also, due to their
availability, contribute to reducing the cost of feed. At the same time, as noted by Kholif
et al. (2020), the optimal level of introduction and economic returns depend on the
composition of the basic diet, conditions of maintenance and quality of raw materials.

In conclusion, it can be noted that recent studies convincingly demonstrate both
the biological and economic efficiency of the use of phytogenic feed additives in poultry
farming. Among them, walnut leaves are distinguished by their availability, rich bioactive
composition and ability to simultaneously increase productivity, improve product quality
and reduce treatment costs. However, the scientific literature still lacks comprehensive
assessments of the economic feasibility of using this additive in feeding chickens in
production conditions, which led to the conduct of this study.

The purpose of the work is to assess the economic feasibility of using walnut
leaves as a phytogenic feed additive in the diet of adult chickens, taking into account the
impact on productivity and maintenance costs.

Materials and methods of research. The research was conducted in the
production conditions of the State Research Station of Poultry Breeding of Livestock
Farming Institute of the NAAS (village Birki, Kharkiv region) on the parent flock of
Birkivska barvysta chickens.

For the experiment, two groups of poultry were formed, each consisting of 200
heads - control and experimental, selected by age and live weight. The chickens were kept
in group two-tier cage batteries (8 hens and 1 rooster in a cage) under conditions of natural
mating, at a stocking density of 14 heads/m? with observance of the optimal microclimate,
natural lighting and ventilation. Feeding was carried out in a standardized manner, 115 g
of compound feed per head per day, in accordance with the needs of the parent forms of
the egg direction of productivity. The poultry had constant access to clean drinking water.

The control group received basic complete compound feed (PC), balanced in
terms of energy, protein, macro- and microelements. The basic diet in terms of basic
nutritional indicators corresponded to the standards for laying hens (crude protein content
— 17%, metabolizable energy — 2650 kcal/kg). The diet of the experimental group was
additionally supplemented with 1% of crushed dry walnut leaves by weight of the
compound feed. The duration of the experiment was six months, which covered the period
of intensive egg-laying.

Crushed walnut leaves were harvested in the Kharkiv region during the period of
active tree vegetation (June—July). To preserve biologically active substances, the leaves
were dried in a ventilated room at a temperature not exceeding 40 °C, after which they
were crushed to a particle size of 1-3 mm and stored in paper bags in a dry, dark place.
If necessary in production conditions, the leaves can be purchased from suppliers or
harvested independently. The cost-effectiveness calculations considered the option of
own raw material procurement, as well as the alternative - purchase from suppliers, for
which the actual purchase price of the supplement was taken into account.
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The chemical composition and nutritional value of walnut leaf raw material
(content of crude protein, crude fat, fiber, calcium, phosphorus, concentration of vitamin
E and B-carotene) were studied using generally accepted methods (Kostenko et al., 2015).
Quantitative assessment of the content of polyphenolic compounds in phytogenic raw
materials was carried out by the spectrophotometric method. For all optical density
measurements, an SF-26 spectrophotometer and 10-mm quartz cuvettes were used. The
determination of the total amount of hydroxycinnamic acids present in walnut leaf
extracts was carried out in terms of chlorogenic acid (Proskurina et al., 2021), the total
content of phenolic compounds in terms of gallic acid (Fedosov et al., 2018), the total
content of flavonoids in terms of rutin (Vronska et al., 2015), the amount of tannins in
terms of tannin (Cobzaru et al., 2019), the content of naphthoguinones in terms of juglone
equivalent (Kocagaligkan et al., 2020).

During the experiment, the following indicators were recorded:

— age at the beginning of egg laying (days);

— average intensity (%) and egg production level (pcs.);

— average egg weight (g);

— proportion of incubation eggs in the total collection (%);

— the survival of the livestock during the observation period (%).

All indicators were determined according to the methods adopted in poultry
farming. The obtained data were processed by methods of variational statistics using the
Student's t-test.

Economic efficiency was determined by calculating the cost of one incubation
egg, profit and level of profitability of production. Calculations were performed taking
into account the cost of feed and additives, actual productivity of chickens and revenue
from sales of products. This allowed a comprehensive assessment of the feasibility of
using phytoadditives in the technology of keeping the parent herd.

Research results. Before the start of the experiment, the chemical composition of
dry crushed walnut leaves used as a phytogenic additive in the composition of compound
feed was evaluated. The data obtained indicate that the raw material had significant
nutritional and biological value (Table 1).

Table 1
Chemical composition of dry crushed walnut leaves
. Content in Content
Nutritional . . . .
raw Biologically active substances in raw
parameters . X
material, % material
Dry matter 90,25 Vitamin E, ug/g 127,7
Crude protein 13,10 B-carotene, pg/g 295,1
Crude fat 2,10 Hydroxycinnamic acids in chlorogenic | 21,9
acid equivalent, mg/g
Crude fiber 11,11 Phenols in gallic acid equivalent, mg/g 13,8
Ash 9,98 Flavonoids in rutin equivalent, mg/g 19,5
Calcium 2,10 Tannins in tannin equivalent, mg/g 121,7
Phosphorus 0,32 Naphthoquinones in juglone equivalent, | 2,52
mg/g

According to the results of laboratory analysis, it was found that dry walnut leaves

are characterized by a high content of dry matter (90.3%), crude protein (13.1%), fiber
(11.1%), ash (9.9%), calcium (2.1%) and phosphorus (0.32%). The concentration of
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biologically active substances was significant: vitamin E — 127.7 pg/g, B-carotene —
295.1 ng/g, hydroxycinnamic acids (calculated as chlorogenic acid) — 21.9 mg/g, phenolic
compounds (calculated as gallic acid) — 13.8 mg/g, flavonoids (in rutin equivalent) —
19.5 mg/g, tannins (calculated as tannin) — 121.7 mg/g, juglone — 2.52 mg/g of dry matter.
This composition confirms the presence of significant antioxidant potential of the leaves,
which led to its use as a phytoadditive.

After the trial was completed, an analysis of the main indicators of chicken
productivity and the economic efficiency of using crushed walnut leaves in their diet was
conducted. Primary attention was paid to the dynamics of egg production intensity, which
reflects the course of egg laying throughout the entire observation period (Fig. 1).
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Fig. 1. Dynamics of egg laying intensity in hens during the experimental period

At the beginning of the experiment (December), egg laying activity in both groups
was low, but a clear difference was observed between them: in the control group, the egg
laying intensity was only 11.1%, while in the experimental group — 24%. This indicates
that adding 1% of crushed walnut leaves to the diet contributed to a faster entry of
chickens into the productive period. It can be assumed that biologically active substances
of the leaves, in particular polyphenols and flavonoids, had a positive effect on
physiological adaptation and reproductive activity during the period of the beginning of
egg laying.

In January, a sharp increase in egg laying was observed in both groups — up to
67.5% in the control and 68% in the experimental, i.e. the difference between the options
decreased. This is explained by the stabilization of productivity, when most chickens
reached the peak of physiological readiness for egg laying. At the same time, since
February, the advantage of the experimental group was again observed: the egg-laying
intensity reached 82.6% against 81.1% in the control. Although the difference at this stage
was insignificant, it persisted throughout the entire productive period, which indicates a
stable effect of the phytoadditive.

In March and April, the egg-laying intensity remained high, with a slight
fluctuation within 70-78%, typical for the middle of the productive cycle. At this time,
the experimental group had an indicator of 77.6 and 72.5%, respectively, while in the
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control - 72.9 and 70%. Despite the fact that the difference in percentages is small, it is
stable, which is especially important in long-term experiments with poultry. An increase
in productivity even by a few percentage points over several months provides a significant
increase in the total number of eggs per head.

At the end of the observation period (May), a natural decrease in egg production
was recorded in both groups, which is associated with a natural decrease in egg production
intensity in the second half of the cycle. However, even at this time, the hens of the
experimental group continued to lay more actively (54% versus 52% in the control),
which confirms the positive effect of the phytoadditive on the duration of the productive
period.

On average, over the entire observation period, the egg production intensity was
63.1% in the experimental group, which is 4.0% higher compared to the control (59.1%).
Thus, under the influence of 1% of crushed walnut leaves, not only was the onset of egg
production accelerated, but also a stable level of productivity was maintained throughout
the experiment.

The dynamics of egg production, presented in Figure 1, clearly demonstrates that
in experimental hens, the egg production curve has a smoother character, without sharp
declines or jumps, while in the control, a more noticeable fluctuation in intensity is
observed. This may indicate a reduction in the impact of stress factors and better
physiological stability of the bird when using a phytogenic feed additive. In general, the
data obtained indicate a positive regulatory effect of walnut leaf components on the
reproductive function of chickens, which creates the prerequisites for increasing the
overall productivity of the flock.

The final average productivity indicators of chickens in the control and
experimental groups are given in Table 2. They summarize the results of the six-month
experimental period and allow us to assess the impact of including 1% of crushed walnut
leaves in the diet on the main economic and useful characteristics of the parent flock.

Table 2
Productivity of chickens during the period of using the walnut leaf feed additive
Indicator Group
K (Base) D (New)
Age of first egg laying, days 144,7+0,97 139,3+1,15%*
Egg production per average layer, pcs. 107,56+1,68 114,84+1,81**
Average egg weight, g 57,144+0,83 57,25+0,33
Yield of incubation eggs, % 65,1 69,0
Feed consumption per 10 eggs, kg 1,95 1,82
Feed consumption per 1 kg of egg mass, kg 3,41 3,18
Livestock survival, % 96,0 98,9

Note. ** — The difference is significant compared to the control group (p<0.01)

One of the first indicators that responds to changes in feeding is the age of laying
the first egg. In the control group, it was 144.7 days, while in the experimental group it
was 139.3 days, which is significantly less (p<0.01). Thus, under the influence of the
phytogenic supplement, the hens began laying eggs on average 5 days earlier. This pattern
is also recorded in the dynamics of egg production, shown in Fig. 1, which reflects its
twice as high intensity in the first month of laying in the hens of the experimental group.
This indicates the stimulating effect of biologically active compounds of walnut leaves
on sexual maturation and functioning of the reproductive system of the bird. Accelerating
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the beginning of the productive period is important for economic efficiency, as it ensures
a longer duration of intensive egg laying during the year.

The positive effect of the supplement is also observed in the egg production per
average laying hen, which in the experimental group was significantly higher by 6.8%
(114.84+1.81 versus 107.56+1.68 eggs in the control, p<0.01). This is also consistent with
the previous analysis of egg-laying dynamics (Fig. 1), where a stable dominance of the
experimental group in egg-laying intensity was observed throughout the period. An
increase in total productivity by 7 eggs per hen over six months is a tangible result for
parent flocks, where each additional incubation egg has a high cost. The average egg
weight in the experimental group was 57.25+0.33 g, which practically corresponded to
the control (57.14+0.83 g). Despite the close average values, the larger error of the
average in the control group indicates significant fluctuations in the size and
morphological parameters of eggs, i.e., less stability of the egg formation process. This is
fully consistent with the lower yield of incubation eggs in the control (65.1% versus
69.0% in the experiment). At the same time, the proportion of eggs suitable for incubation
Is an important criterion for the efficiency of the parent flock and in our experiment the
effect of the phytogenic supplement was manifested not only in an increase in the number
of laid eggs, but also in a certain stabilization of the physiological processes of egg
formation, which ensured a higher yield of products that met incubation standards. The
increase in the proportion of incubation eggs in the experimental group can be explained
by a more uniform course of the reproductive function of the bird under the influence of
biologically active components of walnut leaves. They probably contributed to better
absorption of nutrients and reduced the impact of stress factors, which in the complex
provided more stable morphological characteristics of eggs without changing their
average weight.

Of significant importance for economic calculations is the feed consumption per
unit of production. With standardized feeding (115 g per head per day) in the experimental
group, feed consumption per 10 eggs was 1.82 kg versus 1.95 kg in the control, i.e. 6.7%
less. A similar trend was found for feed consumption per 1 kg of egg mass — 3.18 kg
versus 3.41 kg, respectively. Thus, the phytogenic additive not only increased egg
production, but also improved the use of feed nutrients, reducing costs per unit of
production. This is especially important for production conditions where the efficiency
of feed conversion directly affects the cost of incubation eggs.

The survival rate of the flock for the entire period of the experiment in the
experimental group was 98.9%, while in the control group it was 96.0%. An increase in
this indicator by 2.9% indicates an improvement in the general physiological condition
of the chickens and a decrease in the influence of stress factors. This is fully consistent
with the antioxidant properties of phenolic compounds inherent in walnut leaves, which
are able to maintain the stability of cell membranes and increase the immune reactivity
of the body. In general, the analysis of the economic and useful characteristics given in
Table 2 shows that the addition of 1% of crushed walnut leaves to the diet had a positive
effect on all the main indicators of the productivity of the parent flock. The chickens of
the experimental group were characterized by earlier entry into egg laying, higher egg
production, higher hatching egg yield, better feed utilization and higher survival rate of
the flock. The absence of changes in egg weight confirms that the increase in productivity
was not accompanied by a deterioration in this indicator. The combination of these factors
creates the prerequisites for increasing the economic efficiency of hatching egg
production.

The increase in chicken productivity and hatching egg yield in the experimental
group that consumed the walnut leaf supplement contributed to the improvement of the
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main economic indicators of production. The economic assessment of the results of the
experiment was carried out on the basis of a comparison of productivity, cost and
profitability of hatching egg production in the control and experimental groups. The
generalized results of the calculations are given in Table 3.

The increase in chicken productivity due to the use of the phytoadditive
contributed to the growth of gross egg production from 21.08 to 22.85 thousand pcs. (by
8.4%), including hatching eggs — from 13.70 to 15.77 thousand pcs., i.e. by 15.1%.
According to the production structure, the share of hatching eggs in the experimental
group was 69%, while in the control group — 65.1%. (Table 2). This difference has
significant economic significance, since hatching eggs are the main product of the parent
flock. As a result of the increase in sales volumes, income from the sale of eggs in the
experimental group increased from 310.96 to 350.80 thousand UAH, or by 12.8%. The
main share of this increase is due to the increase in the sale of hatching eggs (from 274.07
to 315.38 thousand UAH), while the sales volume of food eggs remained practically at
the same level. Calculations were made based on the average sales prices: hatching eggs
- 20 UAH/piece, food eggs - 5 UAH/piece.

Table 3
Economic efficiency of using a phytogenic supplement from walnut leaves in
feeding a parent flock of chickens

Group

Indicator K (base) D (new)
Initial livestock, heads 200 200
Gross egg production, thousand pcs. 21,08 22,85
of which: - incubation, thousand pcs. 13,70 15,77
- food, thousand pcs. 7,38 7,08
-Il;?ét\?—ll income from the sale of eggs, thousand 31096 350,80
including: - incubation, thousand UAH 274,07 315,38
- market, thousand UAH 36,89 35,42
Feed costs for the trial period, kg 4102,28 4165,07
Need for walnut leaves, kg — 41,65
Feeding costs, thousand UAH 49,23 49,98
Total costs for keeping poultry, thousand UAH 100,32 101,40
Profit, thousand UAH 210,6 249,4
Cost of 1 incubation egg, UAH 7,32 6,43
Economic effect, thousand UAH — 14,05

Total costs included the cost of keeping poultry during the experimental period,
including the cost of purchasing pullets (at a price of 150 UAH/head) and feed costs,
which accounted for about 70% of total costs. In the control group, they reached 100.32
thousand UAH, in the experimental group - 101.40 thousand UAH, i.e. they increased by
only 1.1%. The small increase in costs for keeping poultry is explained by the higher
survival rate of the livestock in the experimental group (98.9% versus 96% in the control,
as shown in Table 1), as a result of which the number of chickens in the productive period
increased and, accordingly, the costs for their feeding. The crushed walnut leaves were
prepared by the company itself, so additional costs for its purchase were not taken into
account, and the technological operations for its preparation (drying, crushing, storage)
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did not require additional financial costs. According to the results of the calculations, the
profit from the sale of eggs in the experimental group was 249.4 thousand UAH, which
is 18.4% more than in the control group (210.6 thousand UAH). The higher financial
result is due to the increase in the gross production of eggs, primarily hatching eggs,
which have a significantly higher market price. At the same time, the cost of one hatching
egg decreased from 7.32 to 6.43 UAH, which indicates a more rational use of feed
resources and production capacities. The overall economic effect of using 1% of walnut
leaves in the diet was 14.05 thousand UAH. This confirms the feasibility of using the
phytoadditive provided that it is prepared on its own, when there are no additional costs,
and the profit increases due to increased productivity and safety of the livestock. At the
same time, if we consider the alternative option of purchasing leaves from suppliers at an
average market price of 230 UAH/kg (the need for this phytoraw material for the period
is 41.65 kg), the total costs would increase to 110.98 thousand UAH. In this case, the
profit would be 239.8 thousand UAH, and the economic effect would decrease to 4.47
thousand UAH. At the same time, the cost of one incubation egg would increase to
7.04 UAH, but would not come close to the indicator of the control group (7.32 UAH),
having a 3.9% lower value. Therefore, even with the purchase of raw materials, the use
of phytoadditives remains economically justified, however, the highest efficiency is
provided by the farm's own procurement of walnut leaves, which allows reducing the cost
of the incubation egg and increasing the profitability of production without additional
financial costs.

Discussion. The results obtained indicate that the inclusion of 1% crushed walnut
leaves in the diet of parent hens had a positive effect on their productivity, survival and
economic performance. An increase in egg production by 6.8% and a reduction in the age
of onset of egg laying by 5 days compared to the control confirm the reproductive-
stimulating effect of leaf bioactive substances. A similar trend was noted by Bhagwat et
al. (2021) and Moyano et al. (2023), who found an increase in egg production and
hatching egg yield when phytogenic supplements were introduced into the diet of laying
hens. According to a meta-analysis by Darmawan et al. (2022), phytogenic extracts on
average increase chicken productivity and feed conversion by 3-6%, which fully
coincides with our results.

The positive dynamics of productivity in our experiment is likely due to the
optimal dosage of the supplement. Popescu et al. (2020) showed that excessive walnut
leaf supplementation may not increase performance, while moderate levels improve
digestive health and nutrient absorption efficiency. At the same time, Untea et al. (2020)
noted the enrichment of yolk with antioxidant compounds without a negative impact on
egg production. Thus, our results are consistent with the findings of these authors, but
show a more pronounced effect, presumably due to the use of parent stock with a different
level of stress and a better balance of the diet. Maintaining stable egg weight while
increasing egg production indicates the absence of energy deficit and efficient nutrient
use. Similar observations were made by Sharma et al. (2020) and Suresh et al. (2023),
where the introduction of phytonutrients did not change egg weight, but contributed to
better shell quality. However, some studies have reported a decrease in egg weight with
excessive polyphenols (Untea et al., 2020). Therefore, the stability of the indicators in our
work confirms the correctness of the selected dose of 1%, which is consistent with the
recommendations of Abdelli et al. (2021) and Biswas et al. (2024) on the advisability of
using low concentrations of phytogenic substances to avoid the inhibitory effect of
tannins. The high survival of the livestock (98.9% vs. 96.0% in the control) is consistent
with numerous works that note the immunomodulatory effect of phytogenic substances.
According to Huang & Lee (2018) and Mahfuz et al. (2021), phenolic compounds and
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flavonoids reduce oxidative stress, inhibit the development of pathogens and enhance the
nonspecific resistance of the bird's body. Similarly, Popescu et al. (2020) observed
improved digestive health in laying hens fed walnut and blueberry leaves. Our data also
suggest that antioxidant compounds in the leaves stabilize the physiological state of the
bird, which was manifested in lower mortality and more even egg production dynamics.

Improved feed conversion (6.7% reduction in expenditure) reflects more efficient
nutrient absorption and less energy loss to overcome stress factors. Similar results were
reported by Ren et al. (2025) and Gadde et al. (2017), where phytogenic supplements
contributed to the optimization of intestinal microflora and improved feed utilization.
Similarly, Ignatovich (2023) reported an increase in feed intake in laying hens of different
crosses when using phytobiotics. Thus, our improvement in feed conversion confirms the
data of other authors and demonstrates the potential of walnut leaves as a natural
stimulator of metabolic processes.

The economic effect recorded in our experiment (an increase in profit by 18.4%)
is fully consistent with the results of studies by Ghanem et al. (2021), which showed that
the addition of herbal supplements within the range of 0.5-1% increases profitability by
7-12% due to better feed conversion and reduced mortality of laying hens. Similarly,
Salihu et al. (2024) and Mincheva et al. (2025) noted that the use of herbal supplements
increases the profitability of broiler production. Therefore, the economic feasibility of
using walnut leaves is confirmed both by our calculations and by the generalized data of
other authors. The biological activity of walnut leaves is due to the high content of
polyphenols, juglone and flavonoids, which have antioxidant and antimicrobial properties
(Mitek et al., 2022; Gaviley et al., 2024). Their complex effect contributes to the
normalization of digestion, improvement of immune status and restoration of energy
metabolism, which, in turn, ensures a stable increase in productivity without a negative
impact on product quality. These properties coincide with the conclusions of Oke et al.
(2024) and Oni & Oke (2025), which describe the mechanisms of antioxidant and anti-
inflammatory effects of phytogenic additives in poultry farming.

Thus, the results of our study complement current scientific data on the
effectiveness of phytogenic feed additives. They confirm that the use of walnut leaves at
a dose of 1% is able to improve reproductive performance, survival and economic
efficiency of the parent flock of chickens without deteriorating product quality. From the
review Based on the natural origin of the raw materials and their compliance with the
principles of organic production, such technology can be recommended for integration
into environmentally friendly poultry farming systems.

Conclusions

1. It was found that adding 1% of crushed walnut leaves to the diet of parent hens
contributed to an increase in their reproductive capacity. The hens of the experimental
group began laying eggs 5 days earlier, had a significantly higher egg production (by
6.8%) and a higher yield of incubation eggs (69.0 versus 65.1% in the control). This
indicates a positive effect of biologically active substances of the leaves on the
physiological state of the bird and the stability of egg formation processes.

2. Under the influence of the phytoadditive, feed utilization and viability of the
livestock improved. Feed consumption per 10 eggs and 1 kg of egg mass decreased by
6.7-6.8%, and the survival rate of the bird increased from 96.0 to 98.9%. This confirms
the antioxidant and tonic properties of phytogenic components of walnut leaves, which
provide better conversion of nutrients and the body's resistance to stress factors.

3. Increasing the productivity of chickens and the survival of the livestock led to
an improvement in the economic indicators of the production of hatching eggs. Profit in
the experimental group increased by 18.4%, the cost of one hatching egg decreased from
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7.32 10 6.43 UAH, and the total economic effect was 14.05 thousand UAH provided that
the phytoraw material was procured by the company itself. In the case of purchasing
walnut leaves from suppliers, the economic effect decreased to 4.47 thousand UAH, but
remained positive.

4. The use of walnut leaves in the diet of parent hens is a promising direction for
increasing productivity and profitability of production. Own procurement of raw
materials allows realizing the phytogenic potential of the plant without additional costs,
which ensures a stable increase in the biological and economic efficiency of poultry
farming. Given the natural origin of the raw materials and the absence of synthetic
components, such technology can be integrated into organic poultry production systems,
contributing to the expansion of the range of safe and environmentally friendly products.
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Preservation of animal genetic resources is a key component of food security and
economic stability. Genetic diversity provides the foundation for breeding work, allows
the production systems to adapt to climate change, and reduces risks associated with
epidemics and productivity decline. To assess economic efficiency, it is necessary to
conduct specific economic calculations for regions or breeds, taking into account costs,
risks, time, market conditions, and climatic factors. The study was carried out at the
experimental base of the State Poultry Research Station of the Institute of Animal Science
of the National Academy of Agrarian Sciences of Ukraine using genetic resources of
chickens of different productivity types (egg — Birky Colored; dual-purpose — Poltava
Clay; meat-and-egg — Hercules (Plymouth Rock) White) from the collection of the
national poultry gene pool of Ukrainian selection. The article presents the results of
scientific research aimed at a systematic analysis of economic efficiency and the
identification of ways to improve it in maintaining poultry gene pool populations of
various productivity directions. The research established the level of economic efficiency
of maintaining gene pool flocks of chickens of different productivity directions and
identified the main ways to improve their profitability. The obtained indicators serve as
an analytical basis for further calculations aimed at improving technologies for the
maintenance and conservation of breeding stock. The profitability level of hatching egg
production for 42 weeks of life ranged from -14.08 to 19.75 % (egg-type chickens), -14.28
to 3.5 % (dual-purpose), and -32.56 to 2.6 % (meat-and-egg). For the production and
sale of day-old chicks, the profitability indicators were -7.03 to 29.57 % (egg-type), -
13.50 to 4.4 % (dual-purpose), and -36.35 to -3.15 % (meat-and-egg). Extending the
keeping period of birds from 42 to 52 weeks led to an increase in total egg production
and profitability indicators. The profitability level of hatching egg production for 52
weeks of life was 30.10 % (egg-type), 36.83 % (dual-purpose), and 4.66 % (meat-and-
egg). For day-old chick production and sales, the profitability levels were 40.77 %,
48.89 %, and -1.23 %, respectively.

Keywords: chickens, economic evaluation, genetic resources, productivity,
poultry farming, production.

41


https://orcid.org/0000-0003-4865-2238
https://orcid.org/0000-0003-0983-9323
https://orcid.org/0000-0001-9569-8373

P
g.- Scientific and Technical Bulletin of Livestock farming institute of NAAS, 2025, Is. 135
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JepxaBHa gocjigHa cranuis nraxiBHuuTBa IHcTUTYTY TBapnHnuTea HAAH,
C. Bipkn, XapkiBcbka 00.1., Ykpaina

36epeoicennsn  cememuuHUx pecypcié mMeapuH € KIYOB8UM KOMNOHEHMOM
npo006ONLHOI Oe3neKu ma eKOHOMIYHOI cmabitbHocmi. I enemuune pizHOMaHimms
3abe3neyye OCHOBY Osl CeleKYiliHoi pobomu, 00380A€ a0ANMYBaAMU CUCHEMU
BUPOOHUYMBA 00 3MIH KIIMAmy ma 3MEeHUWYE PU3UKU, Nos'sa3aui 3 enidemiamu ma
BHUIICEHHAM NPOOYKmusHocmi. [ OyiHKu eKoHOMIYHOI eghexmusHocmi HeoOXiOHO
npogecmu cneyupiyHi eKoHOMIYHI pO3PAXYHKU 015 pe2ioHie abo nopio, 8paxosyoyu
BUMpPAMU, PUUKU, YAC, PUHKOGI YMO8U ma Kiimamuuni ¢haxmopu. Jlocniodcenns
nposedeHi Ha eKcnepumeHmanvriu 6asi [lepacasnoi 0ocnionoi cmanyii nmaxieHuymea
Incmumymy meapunnuymea Hayionanvhoi akaodemii azpapnux Hayk Ykpainu 3
BUKOPUCMAHHAM 2eHeMUYHUX pecypcié Kypel pi3HUX HANpsAMKi6 NpoOyKMU8HOCMi
(aeunuti — bipkiecvka xonvoposa; m'aco-aeunuu — I[lonmaecoka enunscma, m'sacHull —
T'epxynec (Ilnimympok) Oinutl) 3 Korekyii HaYioHAIbHO20 2eHOPOHOY nMuYi YKPAiHCbKOT
cenexyii. ¥ cmammi npeocmagneno pe3yibmamu HAYKOSUX 00CAI0HCEHb, CNPAMOBAHUX
HA CUCMeMHUL AHAI3 eKOHOMIYHOI eheKMUBHOCMI Mma BUAGIEHHS WLIAXIG i1 NI0BUUEHHS
npu YmpumManHi 2eHOMOHOHUX NONYAAYIU NMUYi PI3HUX HANPSAMKIE NPOOYKMUBHOCHIL.
Hocniooicenuam  6cmaHoBneHo  pigenb  eKOHOMIUHOI  eghekmugHOCmi  YMPUMAHHSA
2eHOOHOHUX cMaAO Kypeu PI3HUX HANpIAMKI8 NPOOYKMUBHOCMI MA 8U3HAYEHO OCHOBHI
wiiaxuy nioguuents ix peumabenvbHocmi. Ompumani NOKA3HUKY CIY2YI0mb AHATIMUYHOIO
OCHOBO0I0 OJISl NOOANBUIUX PO3PAXYHKIB, CNPAMOBAHUX HA B600CKOHANEHHS MEeXHONO02IU
YmMpumanus ma 30epexcenHs NAeMiHHo20 noeonig's. Pieenb  penmabenvHocmi
BUPOOHUYMBA THKYOAYTUHUX A€Yb 3a 42 mudicHi dxcumms koaueascs 6i0 -14,08 00 19,75 %
(kKypu sicuno2o Hanpsamky), 6io -14,28 oo 3,5 % (kypu m'aco-aeunoz2o nanpamky) ma 6io -
32,56 0o 2,6 % (xypu m'acnoco nanpsamky). s eupobnuymea ma peanizayii 00006ux
Kypuam noKasHuku penmabenvnocmi cmanosunu 6io -7,03 0o 29,57 % (acunui
Hanpsamok), 6io -13,50 0o 4,4 % (m'saco-sacunuii nanpsimok) ma 6io -36,35 oo -3,15 %
(m'sicnuil nanpamox). [loooeoicennsn nepiody ympumanua nmuyi 3 42 0o 52 mudicHise
npu3eeno 00 30ibUleHHs 3a2albHOI HeCy4oCcmi ma NOKA3HUKie penmabenvbHocmi. Pigens
peHmabdenbHocmi 8UpOOHUYMBA THKYOAYIUHUX A€Yb 3a 52 MUDICHI HCUMMS CIMAHOBUS
30,10 % (sacunuu nanpsamox), 36,83 % (m'aco-acunuu nanpsamox) ma 4,66 % (m'sacnuil
Hanpsamok). [{na eupoonuymea ma npooasicy 00608ux Kypuyam piGHi peHmaberbHOoCmi
cmanosunu 6ionoegiono 40,77 %, 48,89 % ma -1,23 %.

KaouoBi cjoBa: Kypu, €KOHOMIYHa OI[iIHKAa, TEHETHUYHI PecypcH,
MPOJAYKTUBHICTb, ITaX1BHUITBO, BUPOOHUIITBO.

Introduction With the development of industrial poultry farming, where several
highly competitive lines, breeds, or crosses displace all others, the issue of preserving the
entire diversity of poultry breeds and developing methods for their rational use has
become increasingly urgent. Currently, much attention worldwide is paid to the
conservation of the gene pool of rare breeds and populations of agricultural poultry;
therefore, each country strives to preserve the available poultry gene pool and
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resynthesize populations lost during decades of intensive industrialization.
This is due to the fact that indigenous poultry are carriers of valuable genes that ensure
high adaptability of offspring and excellent taste qualities of poultry products.
Consequently, the preservation and restoration of such carriers of valuable genes are of
great national economic importance (Melnyk V.O. et al., 2015; Hladii M.V. et al., 2018;
Hadzalo Ya.V. et al., 2017; Groeneveld et al., 2016; Hiemstra et al., 2010). At present,
there is a sharp narrowing of the genetic base of agricultural poultry worldwide due to the
spread of a few breeds that serve as the foundation for final industrial hybrids. Out of 737
breeds of chickens recorded worldwide at the beginning of the 20th century, only 67 are
now used for producing commercial hybrids: three for egg production and two for meat
production (Ladyka V.I. et al., 2023; Katerynych O. et al., 2023; Tixier-Boichard et al.,
2011; Muir et al., 2008). Apart from industrial crosses, there are several breeds and
populations suitable for small-scale and household farming. These birds have increased
body weight, good egg-laying capacity, and are well adapted to extensive rearing
conditions (Pokhyl V.I. et al., 2017). Such breeds include Poltava Clay, Kuchyn Jubilee,
Adler Silver, Californian Gray, Rhode Island Red, Birky meat-and-egg chickens, among
others. These birds demonstrate higher resistance to diseases and temperature stress
(Hillel, 2009). At the same time, a number of less common breeds and populations—such
as Italian Partridge, Yuriev Loud-voiced, Brahma, Cochin, Padua, Bantam, and others—
are also of great value (FAO, 2015; Hladii M.V. et al., 2021). Unfortunately, their
population size continues to decline annually due to the absence of a targeted state policy
on the conservation of unique genetic resources. In poultry farming, breeding (genetic)
resources sold to consumers include hatching eggs, day-old chicks, and reared young
stock (Cahaner & Deeb, 2012). Breeding resources are produced in three types of
breeding farms: breeding plants, first- and second-order breeding poultry farms. Breeding
plants carry out in-depth selection and breeding work with initial cross lines or with
individual poultry breeds using individual and family selection methods. These are birds
of the highest breeding value and are rarely sold, as they are considered national treasures,
and if they are sold, it is at very high prices. First-order breeding poultry farms breed
grandparent flocks of crosses, consisting of female birds from maternal lines and male
birds from paternal lines. From such flocks, parental forms are obtained, which are sold
to second-order breeding poultry producers in certain male-to-female ratios. In the latter,
females of the maternal form are crossed with males of the paternal form to obtain final
hybrids, which are sold to producers of table eggs and meat. The price of breeding
(genetic) resources is determined based on their quality, namely taking into account their
superiority in terms of basic productive characteristics over the minimum requirements
for breeding resources of each bird species. The minimum requirements are the
requirements for assigning the minimum bonitation class, which, according to the
“Instructions for the Bonitation of Agricultural Poultry” (2019), is class II. For each
species of poultry, and within a species for individual breeds and populations, these
requirements are differentiated, especially for the most significant selected traits for each
species of poultry. Therefore, calculations of the equivalent price for all types of breeding
resources must be carried out separately for each type of farm poultry (egg-laying and
meat chickens, turkeys, geese, ducks) (Wolc et al., 2019). To determine the cost of
breeding resources of different breeding value, the equivalent price of the product
obtained from poultry of the second bonitation class is first determined. For birds of a
higher class (1, elite), the price of breeding products is determined by adding a class bonus
to the price of class I1, which is calculated depending on the level of the bird's advantages
over the second class for each trait by which the bird is graded, and the coefficients of
inheritance of traits (Plotnikov O., 2022; Chala V., 2023; Petruha N., 2023; Hladii M.V.
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et al., 2021; Besbes et al., 2007). Based on the above, it can be argued that studies aimed
at assessing economic efficiency and identifying ways to improve the profitability of
maintaining a gene pool of purebred poultry are relevant, especially in wartime and during
the post-war recovery of the country's economy (FAO, 2021; Groeneveld et al., 2016).

Therefore, the aim of our work was to conduct an economic analysis of the
maintenance of gene pool poultry and to model promising ways to improve the overall
profitability of maintaining domestically bred chickens.

Materials and methods. The study was conducted at the State Research Station
for Poultry Farming of the Institute of Animal Husbandry of the National Academy of
Agrarian Sciences, in the Department of Innovative Development of Poultry Farming and
at the experimental farm “Preservation of the National Gene Pool of Agricultural
Poultry.” Domestic chickens of various productivity types were used as genetic material
(egg-laying — Birkovska Barvysta, A; egg-meat — Poltavska Hlinyata, 14; meat and egg —
Hercules (Plumutrok) white, G2), with which constant work is carried out aimed at
preserving the gene pool. Young birds were raised on the floor, and adult birds were kept
in two-tier group cage batteries. The chickens were fed a complete feed mixture. The
microclimate parameters, feeding and watering fronts, lighting regime, and stocking
density of all groups of birds complied with the standards of the “Departmental Standards
for Technological Design of Poultry Farms” (VNTP-APK-04.05, 2005).

During the productive period (42-52 weeks of life), the birds were evaluated
according to a set of economically useful characteristics: live weight, egg production, and
feed consumption.

The profitability of poultry production was calculated using the following
formula:

Pp = (P/Sp) x 100%, (1)

where Pp - is the level of profitability, P - is the profit obtained from sales, and
Sp - is the cost of production.The results obtained were statistically processed using
Microsoft EXCEL software.

Research results. The gene pool has unique properties that can be used both now
and in the future. For a complete assessment of the economic efficiency of maintaining
gene pool flocks using different technologies, modelling of profitability improvement,
we conducted a comprehensive analysis of the main economically useful characteristics
and calculated the corresponding indicators by year.

Thus, using productivity data (egg production, reproductive qualities),
calculations were made and indicators of the profitability of poultry production were
modelled for keeping gene pool breeds of chickens of different productivity directions in
cages.

The main indicator used to calculate the quantity of breeding products and the
level of profitability of their production is egg production. First of all, we conducted a
comparative analysis of egg production over 25 weeks of the productive period over three
years (Fig. 1).

During the first year of research, we established a highly probable difference in
egg production between Poltava clay 61.0% (egg-meat), Birkovskaya colourful 49.2%
(egg) and Hercules white 43.3% (egg-meat). The trend in egg production during
the second year of research changed significantly. We established the maximum indicator
for egg-laying chickens at 59.7 eggs, compared to 50.6 (egg-meat) and 41.5 (meat-egg),
with a highly probable difference between the first and last. In the third year of
research, the maximum growth in the indicator was established in all groups of chickens.
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Fig. 1. Dynamics of egg production over 25 weeks of the productive period
for chickens of different productivity types

The maximum indicator was established for egg-laying chickens (68.57 eggs) and the
minimum for egg-meat chickens (61.10 eggs) with high probability (p<0.05). Taking into
account the data obtained, we subsequently performed calculations and a comparative
analysis of the economic efficiency of keeping chicken breeds of different productivity
types. Table 1 presents data on the productivity of chickens from the gene pool population
of the egg-laying type — Birkovskaya Barvysta.

Table 1

Dynamics of economically useful traits and profitability of breeding production of

the gene pool of egg-laying chickens over 42 weeks of life (2022-2024)

chicks

No : Years

Indicators Values 2022 2003 2004
1 | Laying capacity pcs. | 49,20 | 59,70 | 68,57
2 | Average intensity % 28,11 34,11 39,18
3 | Breeding egg yield % 50,00 50,00 50,00
4 | Incubation egg sales % 70,00 70,00 70,00
5 | Incubation eggs sold pcs. 17,22 20,90 24,00
6 | number of day-old chicks pcs. 12,92 15,67 18,00
7 | number of commercial eggs pcs. 31,98 38,81 44,57
8 | cost of incubation egg UAH 20,00 20,00 20,00
9 | cost of day-old chicks UAH 35,00 35,00 35,00
10 | cost of commercial eggs UAH 4,00 4,00 4,00
11 | revenue from the sale of incubation eggy UAH 472,32 573,12 | 658,27
12 | profit from the sale of hatching eggs UAH -77,40 23,40 | 108,55
13 profltgblllty level from the sale of % 14,08 4,26 1975

hatching eggs

14 | Revenue from the sale of day-old chicks| UAH 511,07 620,13 | 712,27
15 | Profit from the sale of day-old chicks UAH -38,66 70,41 | 162,55
16 | Profitability from the sale of day-old % 703 1281 29 57

Notes. a — statistical significance of the difference between 2022 and 2023; b — statistical significance of
the difference between 2022 and 2024; ¢ — statistical significance of the difference between 2023 and 2024;
*p<0.05; ** p<0.01; *** p<0.001 — level of statistical difference
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Based on the results of the egg production indicator, a highly probable (p<0.001)
difference was established between the years of the study. The minimum egg production
index was established in 2022 at 49.2 eggs. In subsequent years, a highly probable
increase in the value to 59.70 (2023) and 68.57 (2024) eggs was established. The average
laying intensity for the productive period (25 weeks) ranged from 28.11 to 34.11 and
39.18%, respectively, by year.

Taking into account the breeding egg yield of 70% and their sales of about 70%,
the production of this main product ranged from 17.22 (2022) to 20.9 (2023) and 24.0
(2024) eggs. The average number of commercial eggs per year was 31.98-38.81-44.57
eggs per head. With the cost of an incubation egg at 20.0 UAH/unit and a commercial
egg at 4.0 UAH/unit, the proceeds after sale were 472.32 (2022), 537.12 (2023) and
658.27 (2024) UAH per head, respectively. Thus, taking into account the costs, the profit
per head of the gene pool flock ranged from -77.40 (2022) to 23.40 (2023) to 108.55
(2024) UAH per head. The profitability level we calculated in this case was —14.08 (2022)
—4.26 (2023) — 19.75 (2024) %.

At the same time, we calculated the profit and profitability indicators if day-old
chicks were sold instead of hatching eggs. The cost of incubation is 4.0 UAH per egg.
Thus, it would be possible to obtain a reliable (p<0.001) higher revenue from sales, at the
level of 511.07 (2022) — 620.13 (2023) and 712.27 (2024) UAH per head. In this case,
the profit would be -38.66 (2022) — 70.41 (2023) and 162.55 (2024) UAH per head. The
profitability level was -7.03 (2022) — 12.81 (2023) and 29.57 (2024) %, which is
significantly higher than the sale of hatching eggs.

Thus, the data we obtained allow us to evaluate, adjust and propose ways to
improve the economic efficiency of keeping purebred poultry as a gene pool in the future.

The next typical representative of gene pool breeds of chickens for egg and meat
production is the Poltava clay breed.

Taking into account the productivity indicators, we calculated the profitability of
poultry production for cage rearing of this breed over three years using the proposed
model (Table 2).

Over three years of research, we have established a highly probable (p<0.001)
decrease and increase in egg production, from 61.0 to 50.6 and 61.1 eggs, respectively.
At the same time, the general trend in the dynamics of egg production is different from
that of egg-laying poultry.

The average productivity and egg production intensity (25 weeks) throughout the
entire period was 34.86 (2022) — 28.91 (2023) — 34.91 (2024) %.

Taking into account the yield of breeding eggs at 70% and their sale at about 60%,
the production of hatching eggs by year was about 25.62 (2022) — 21.25 (2023) and 25.66
(2024) eggs.

The average number of commercial eggs per year was 35.28-29.38-35.44 eggs
per head. With the cost of an incubation egg at 20.0 UAH/piece and a marketable egg at
4.0 UAH/piece, the proceeds after sale were 705.16 (2022), 584.94 (2023) and 706.32
(2024) UAH per head, respectively. Taking into account the costs presented above, the
profit per head of the parent flock of egg-meat chickens ranged from 22.77 (2022) — -
97.45 (2023) to 23.93 (2024) UAH per head.

The level of profitability calculated by us is set at — 3.34 (2022) —-14.28 (2023) —
3.51 (2024) %.

Along with this, we have presented calculations, as for laying hens, of the
profitability of selling day-old chicks, taking into account incubation at 4.0 UAH per egg.
As aresult of our calculations, the level of revenue from product sales ranges from 711.57
(2022) to 590.25 (2023) and 712.73 (2024) UAH per head.
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Table 2
Dynamics by year of economic and useful characteristics and profitability of
breeding production of the gene pool of egg-meat chickens over 42 weeks of life
(2022-2024)

No Indicators Values Years
2022 2023 2024
1 Laying capacity pcs. | 61,002 | 50,60°™" | 61,10
2 Average intensity % 34,86 28,91 34,91
3 Breeding egg yield % 70,00 70,00 70,00
4 Incubation egg sales % 60,00 60,00 60,00
5 Incubation eggs sold pcs. 25,62 21,25 25,66
6 number of day-old chicks pcs. 19,22 15,94 19,25
7 number of commercial eggs pcs. 35,38 29,35 35,44
8 cost of incubation egg UAH 22,00 22,00 22,00
9 cost of day-old chicks UAH 35,00 35,00 35,00
10 | cost of commercial eggs UAH 4,00 4,00 4,00
11 | revenue from the sale of incubation | UAH | 705,16 584,94 706,32
eggs
12 | profit from the sale of hatching eggs | UAH 22,77 -97,45 | 23,93
13 | profitability level from the sale of % 3,34 -14,28 3,51
hatching eggs
14 | Revenue from the sale of day-old UAH | 711,57 590,25 |[712,73
chicks
15 | Profit from the sale of day-old chicks| UAH 29,18 -92,14 | 30,34
16 | Profitability from the sale of day-old % 4,28 -13,50 4,45
chicks

Notes: a — statistical significance of the difference between 2022 and 2023; b — statistical significance of
the difference between 2023 and 2024; *** p<0.001 — level of statistical difference

In this case, the profit would be 29.18 (2022) — -92.14 (2023) and 30.34 (2024)
UAH per head.

The profitability level was 4.28 (2022), 13.50 (2023) and 4.45 (2024) %, which is
not significantly higher than the sale of hatching eggs.

An analysis of the results of maintaining a population of meat-and-egg chickens,
namely White Hercules, is presented in Table 3.

Based on the results of a comparative analysis of egg production, a highly
probable (p<0.001) increase in this indicator was established in 2024 (63.15) compared
to 2022 (43.3) and 2023 (41.5) eggs.

The average egg production intensity for the productive period (22 weeks) was
established at 28.12 to 26.95 and 41.01%, respectively, by year. At the same time, for
2024, the maximum productivity for meat-and-egg chickens was set at 41.01% compared
to other poultry groups (39.18% and 34.91%).

Taking into account the breeding egg yield of 60% and their sales of about 60%,
the total production of hatching eggs was 15.59 (2022), 14.94 (2023) and 22.73 (2024)
eggs. The production of commercial eggs per year was at the level of 27.71-26.56-40.42
eggs per layer. With the cost of an incubation egg at 24.0 UAH/piece and a commercial
egg at 4.0 UAH/piece, after sale, 484 (2022), 464.80 (2023) and 707.28 (2024) UAH per
head were received, respectively.
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Table 3
Dynamics by year of economic and useful characteristics and profitability of
breeding production of the gene pool of meat-and-egg chickens over 42 weeks of
life (2022-2024)

. Years

No Indicators Values 2022 2023 2024
1 | Laying capacity pcs. | 43,302 | 41,50°™ | 63,15
2 Average intensity % 28,12 26,95 41,01
3 Breeding egg yield % 60,00 60,00 60,00
4 Incubation egg sales % 60,00 60,00 60,00
5 Incubation eggs sold pcs. | 15,59 14,94 22,73
6 number of day-old chicks pcs. | 11,69 11,21 17,05
7 number of commercial eggs pcs. | 27,71 26,56 40,42
8 cost of incubation egg UAH | 24,00 24,00 24,00
9 cost of day-old chicks UAH | 35,00 35,00 35,00
10 | cost of commercial eggs UAH 4,00 4,00 4,00

11 | revenue from the sale of incubation

UAH | 484,96 464,80 | 707,28
€ggs

profit from the sale of hatching eggs UAH | -204,22 | -224,38 18,10
profitfalbility level from the sale of % 29,63 32,56 263

hatching eggs

(I;Qhei\éir;ue from the sale of day-old UAH | 45768 43866 | 667,50
15 | Profit from the sale of day-old chicks | UAH | -231,49 | -250,52 | -21,68
16 Errl?;l(tsblllty from the sale of day-old % 133,59 36,35 315

Notes: a — statistical significance of the difference between 2022 and 2024; b — statistical significance of
the difference between 2023 and 2024; *** p<0.001 — level of statistical difference

==
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Taking into account the amount of expenses, the profit per head of experimental
poultry calculated by us was from -204.22 (2022) — -224.38 (2023) — 18.10 (2024) UAH
per head. The profitability level calculated by us in this case was -29.63 (2022) — -32.56
(2023) — 2.63 (2024) %.

At the same time, we calculated the amount of profit and profitability from the
sale of day-old chicks at a price of 35.0 UAH per head. The cost of incubation is 4.0 UAH
per egg. In this case, based on our data, the revenue from sales could amount to — 457.68
(2022) — 438.66 (2023) and 667.50 (2024) UAH per head. In this case, the profit would
be -231.49 (2022) - -250.52 (2023) and -21.68 (2024) UAH per head. The profitability
level was -33.59 (2022) — -36.35 (2023) and -3.15 (2024) %, which is the lowest among
chickens of different productivity types.

Thus, the data we have obtained is the basis for calculations to improve or refine
the technology for maintaining and preserving the gene pool, possible subsidies from the
state to improve the economic efficiency of keeping purebred poultry as a gene pool.

Purebred poultry, which is the object and unit of gene pool preservation, has many
positive qualities, but not always high indicators of economically useful traits, which is
why the economic efficiency of genetic resource preservation may be low. In our work,
we modelled and tracked a number of economic and technological solutions that can
improve the economic indicators for maintaining the gene pool. The main one is the
extension of the productive period. Unfortunately, in Ukraine, the breeding season to
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meet the needs of private and commercial farms falls in March—June, which significantly
reduces (almost 2.5 times) the use of breeding products. At the same time, in our case, it
is micro, small and medium-sized poultry farms that are consumers of purebred poultry.
Therefore, in our research, we increased the use of poultry from the Ukrainian gene pool
by 10 weeks (70 days) from 42 weeks of age to 52 weeks of age and made a comparative
analysis of chickens of different productivity types. The results of productivity and
economic efficiency when keeping chickens up to 52 weeks of age are shown in Table 4.

According to our data obtained from keeping chickens of different productivity
types in cages, the maximum egg production over 52 weeks of life (87.1 eggs) was
established for chickens of the Poltava clay breed (egg-meat). The minimum values (64.4
eggs) were obtained for white Hercules (meat and egg). Egg-laying chickens
(Birkovskaya Barvysta) had an intermediate value (74.5 eggs). The difference between
the maximum and minimum values is highly significant (p<0.001).

Table 4
Comparative analysis of economic traits and profitability of breeding production
of the gene pool of chickens of different productivity types at 52 weeks of age

(2023)
Performance direction, analogues
: egg-laying, | egg-laying, | egg-laying,
No Indicators Values Birkovskaya | Birkovskaya |Birkovskaya
colourful colourful colourful
1 Laying capacity pcs. | 74,50%P | 87,10 64,40
2 Average intensity % 30,41 35,55 26,29
3 Breeding egg yield % 50,00 70,00 60,00
4 Incubation egg sales % 70,00 60,00 60,00
5 Incubation eggs sold pcs. | 26,084 36,58 23,18
6 number of day-old chicks | pcs. | 19,562 27,445 17,39
7 ng)sber of commercial cs. 4843 5052 41,22
8 cost of incubation egg UAH 20,00 20,00 24,00
9 cost of day-old chicks UAH 35,00 35,00 35,00
10 cost of commercial eggs | UAH 4,00 4,00 4,00
11| revenue from the sale of | )51y | 715 99 933,71 721,28
incubation eggs
12 proflt_from the sale of UAH 165,48 251,33 32.10
hatching eggs
13 profitability !evel from the % 30.10 36.83 4,66
sale of hatching eggs
14 Revenue fr_om the sale of UAH 773.87 1016,02 680 71
day-old chicks
15 Profit from_ the sale of UAH 22414 33363 847
day-old chicks
16 Profitability f_rom the sale % 40.77 4889 123
of day-old chicks

Notes. a — statistical significance of the difference between egg-laying hens and egg-meat hens; b —
statistical significance of the difference between egg-laying hens and meat-egg hens; ¢ — statistical
significance of the difference between egg-meat hens and meat-egg hens. *** p<0.001 — level of statistical
difference
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The average laying intensity of the experimental birds during the productive
period was set at 30.41% (egg-laying), 35.55% (egg-meat) and 26.29% (meat-egg)
chickens.

According to our own data, the maximum yield of breeding eggs was established
for the Poltava clay breed (egg-meat), followed by Hercules white (meat-egg) and
Birkovska colourful (egg), respectively 70.0 — 60.0 — 50.0%.

Taking into account the seasonality of production and sales of breeding products,
the sales rate for hatching eggs is set at 60.0 (egg-meat, meat-egg) — 70.0 (egg) %.

With the price of hatching eggs at 20.0 (egg-laying) — 22.0 (egg-meat) — 24.0
(meat-egg) UAH per piece and commercial eggs at 4 UAH the total sales revenue was,
respectively, from 715.20 (egg) to 721.28 (meat-egg) and 933.71 (egg-meat) UAH per
head.

Taking into account the cost of raising and maintaining chickens, the profit was
set at 165.48 (egg-laying) — 251.33 (egg-meat) — 32.10 (meat-egg) UAH per head.

The level of profitability of breeding production for cage-reared gene pool flocks
of chickens of different productivity types per year of life (52 weeks) is set at 30.10 (egg-
laying) — 36.83 (egg-meat) — 4.66 (meat-egg) UAH per head. According to the results of
a comparative analysis of the profitability of keeping chickens for 42 and 52 weeks, an
average increase of 37.07-0.53% was established for egg-laying chickens; 33.32-51.11%
for egg-meat chickens; 2.03-37.22% for meat-egg chickens.

Discussion Thus, extending the period of poultry rearing allows for an increase in
productivity and improves the profitability of preserving the gene pool. Increasing the
yield of breeding eggs to the minimum standard level (VNTP-APK-04.05) — 75%, and
their sale at 100%, with the above-mentioned productivity indicators will increase the
level of profitability by 116.84 (egg) — 104.22 (egg-meat) — 77.55 (meat-egg) %. An
additional potential for increasing profitability is the growth in the price of breeding
resources, but this is currently not possible for the domestic market of Ukraine.

Another additional area for increasing profitability is the incubation and sale of
day-old chicks. In this case, sales revenue could increase by 8.0-8.8% for egg and egg-
meat poultry. Unfortunately, for meat-and-egg chickens, at such a price for day-old
chicks, it may decrease by 6%. The level of profitability may increase by 10.67% and
12.06% for egg-laying and egg-and-meat poultry. For meat-and-egg poultry, it will be -
1.23%.

Conclusions

1. Based on the results of the economic analysis, the level of efficiency was
established and ways to improve the profitability of maintaining the gene pool of chickens
of different productivity directions were determined. The data obtained are the basis for
further calculations to improve or refine the technology for maintaining and preserving
the gene pool of agricultural poultry.

2. A reliable difference has been established between the gene pool populations
of chickens of domestic selection in terms of egg production, the value of which
determines the direction of productivity and affects the economic indicators of the
profitability of poultry maintenance. Based on the results of a systematic analysis, the
profit and profitability of chickens of different productivity directions were calculated for
the sale of breeding products in the form of hatching eggs and day-old chicks. The level
of profitability of hatching egg production (by year, for 42 weeks of life) for chickens of
different productivity directions was set at the following levels, respectively -14.08 —
19.75 % (egg-laying chickens); -14.28-3.5% (egg-meat); -32.56-2.6% (meat-egg). For
the production and sale of day-old chicks, the profitability level is, respectively: -7.03—
29.57% (laying hens); -13.50-4.4% (egg-meat); -36.35-3.15% (meat-egQ).
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3. Ways to improve the overall level of profitability while preserving the gene
pool have been identified. Increasing the retention period of poultry from 42 to 52 weeks
of age leads to an increase in overall egg production and corresponding indicators of
profitability in the production of breeding products. The level of profitability of hatching
egg production (at 52 weeks of age) for chickens of different productivity types was set
at 30.10% (egg-laying chickens); 36.83% (egg-meat chickens); 4.66% (meat-egg
chickens). For the production and sale of day-old chicks, the profitability level is 40.77%
(egg-laying hens); 48.89% (egg-meat); -1.23% (meat-egg), respectively.
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Stress in farm animals is interpreted as a complex adaptive response of the body
to unusual or extreme conditions caused by intense stimuli that can potentially disrupt its
normal functioning. Among them, technological stresses, which are most common in
modern pig breeding, are of particular importance. In such circumstances, the use of
anti-stress drugs is considered as an effective tool for reducing their negative
consequences.

The article presents the results of experimental studies aimed at scientific
substantiation of effective approaches to reducing the effect of technological stress
factors on the clinical and physiological state of young pigs by using a new anti-stress
drug, in comparison with traditional means. Based on laboratory data, it was established
that the introduction of the experimental drug from the very beginning of the development
of the stress reaction activates hematopoietic processes in the body of young animals of
Group 11, causing an increase in the blood content of red blood cells by 8.4% (p<0.05)
and 3.5%, white blood cells-by 3.4 and 0.9%, hemoglobin concentrations — by 5.7 and
4.3% and Total Protein — by 10.5% (p<0.001) and 5.2% (p<0.001), compared with
analogues control and Il experimental groups, maintaining the general trend of
increasing these indicators at the end of the fattening period. In addition, the results of
the studies clearly demonstrate the positive effect of the applied anti-stress drugs on the
functional state of young pigs, while the studied indicators remained within the
physiological norm, regardless of the group. At the initial stage of the experiment, piglets
of Group | showed a slight increase in the respiratory rate, compared with peers of
groups Il and 111 by 0.4 and 0.8 movements/min or 1.1 and 2.2%, acceleration of the heart
rate by 2.8 and 4.2 beats/min or 2.6 and 3.9% against the background of stable body
temperature parameters, the difference in which was respectively 0.24 and 0.30 °C or 0.6
and 0.8% greater in young animals of the control group. At the final stage of the study, a
similar dynamics of changes in clinical and physiological parameters was noted.

Keywords: pigs, young animals, stress resistance, blood, body temperature, pulse
rate and respiration.

53



P
g.- Scientific and Technical Bulletin of Livestock farming institute of NAAS, 2025, Is. 135

HOBUH IIIXIJ IIIOJ0 MIHIMI3AIII BIIUBY
TEXHOJIOT'TYHUX CTPEC-UMHHUKIB HA KJITHIKO-
®I310JIOT'TYHUI CTAH ITIOPOCSAT

HMenuc JIAIIIMH, acmipaHT,
https://orcid.org/0009-0003-7092-5738
Irop KOPX, k. c.-T. H., C. H. C.
https://orcid.org/0000-0002-8077-895X
Incruryr TBapunnuurea HAAH, XapkiB, Ykpaina

Cmpecu y cCinbCbKo20Cno0apcbKux meapuH mpakmymoms AK KOMHIJIEKCHY
aoanmayiiny peaxkyito OpeaHizmy HaA He38UYHI aD0 eKCMpeMAalbHi YMOBU, CNPUHUHEHT
0i€l0  IHMEHCUBHUX NOOPA3HUKIE, WO NOMEHYIUHO MONCYMb NOPYULY8AmMu 1020
Hopmanvhe @yHkyionysanns. Ceped HUX 0COOIUBE 3HAUEHHS MAIOMb MEXHONO2IYHI
cmpecu, AKI HAUOLIbW NOWUPEHI 8 CYYACHOMY C8UHapcmei. 3a makux 00CMABUH,
BUKOPUCMAHHA —~ AHMUCMPECO8UX  Npenapamie  po32niaodemvcs SAK — eheKmusHull
IHCmMpyMeHmapitl 01 3HUNCEHHS He2AMUBHUX IX HACTIOKIS.

Y cmammi nasedeno pesynbmamu  excnepumMeHmanbHux — 00CHI0NCEHD,
CHPAMOBAHUX HA HAYKOBE OOIPYHMYBAHHA epeKmusHux nioxooié wooo 3HUNCEHHs Oii
MEXHONO2IYHUX CMpec-YUHHUKI8 HA KIIHIKO-(i3i0102IYHULL CMAaH MOJIOOHAKY CeUHell
WIAXOM — 3ACMOCYBAHHS  HOB020 — AHMUCMPECO8020  Npenapamy,  HNOPIGHAHO 3
mpaouyiinumu 3acooamu. Ha ocnosi oanux 1abopamopHuux 00CiodiceHb YCmaHosieHo,
Wo 86€0€HHs eKCNEPUMEHMANILHO20 NPenapamy 3 camoz20 NoYamky po3eUmKy cmpec-
peaxyii akmugye Kpo8omeopHi npoyecu 8 op2aHizmi MonooHaAKy 11 epynu, 3ymosnonouu
30inbUenHHA Y Kposi emicmy epumpoyumis na 8,4 % (p<0,05) i 3,5 %, nevixoyumie — na
3,41 0,9 %, xonyenmpayii cemoenobiny — na 5,7 i 4,3 % i 3aeanvnozo oinka — na 10,5 %
(p<0,001)i5,2 % (p<0,001), nopisnano 3 ananrocamu koumpoavHoi ma Il docrnionoi epyn,
30epicaroyu 3a2anibHy MeHOeHYio Wooo 3POCMAHHI YUX NOKA3HUKIE HANPUKIHYI nepiody
8i0200i6ni. OKpim moeo pe3yibmamu 00CHIONHCEHb YIMKO 0EeMOHCMPYIOMb NO3UMUBHULL
BNIUB 3ACTNOCOBAHUX AHMUCMPECOBUX NPEeNnapamie Ha QYHKYIOHATbHUL CMAH MOJIOOHAK)
ceuHeltl, npu YyboMy 00CIONHCYBAHT NOKAZHUKU 3ATUUATIUCS 8 MeHCax Qiziono2iuHoi Hopmu
Hezanexcno 6i0 epynu. Ha nouamkoeomy emani oocnioy 6 nopocam 1 epynu
cnocmepieanocs He3HayHe ni08UUeHHs Yacmomu OUXaHHs, NOPIGHAHO 3 posecHukamu 11
ma Il epyn na 0,4 i 0,8 pyxu/xe abo 1,1 i 2,2 %, npuckopenns cepyegozo pummy na 2,8 i
4,2 yoapa/xe abo 2,6 i 3,9% na mai cmabitbHux napamempis memnepamypu mina,
piznuys 3a axumu 6yna eionogiono 0,241 0,30 °C abo 0,6 i 0,8 % 6inbuioro y MonooHsaKy
KOHmponvHoi epynu. Ha 3aeepuanbnomy emani 00CniodceHHs GI03HAYANU AHANO2IUHY
OUHAMIKY 3MIH KNIHIKO-(i3I101021UHUX NOKAZHUKIE.

Kuio4uoBi ciioBa: cBHHI, MOJIOAHSIK, CTPECOCTIMKICTh, KPOB, TEMIIEpaTypa Tiia,
4acToTa MyJbCY 1 IUXaHHS.

Introduction. During the rearing period from birth to retirement, pigs are exposed
to a complex of stressors that negatively affect their physiological state (Suprun I. O.,
2012; Lykhach V. Ya. et al., 2021; Koroban M. et al., 2023). Technological stress factors
generated in the production process most significantly arise due to changes in traditional
conditions of keeping, high density of livestock in a limited area, insufficient feeding
front, excessive noise level, violation of requirements for planning solutions of premises
(Rossi R. et al., 2008). These stress factors have both direct and indirect negative effects
on animals. Their mediated action leads to a significant violation of the usual regime for
animals, which causes imperceptible stress reactions. Direct exposure is immediately
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noticeable and can be eliminated quickly, while indirect exposure is usually delayed when
animals are already showing a decrease in productivity (Minka N. S. O. & Ayo J., 2007;
Van de Perre V., 2011; Dovhii Yu. Yu., & Feshchenko D. V., 2018).

Along the way, it should be noted that in the piglet rearing system, due attention
should be paid to rational space during maintenance (Nielsen S. S. et al., 2022). Failure
to comply with technological standards of the area of maintenance restricts the mobility
of animals, makes it impossible or reduces the desire to be near their peers, suppresses
social interactions and makes it difficult to move around the machine and freely access to
feed and water (Fels M. et al., 2014). Reducing the retention area increases aggressiveness
in the group, which, in turn, significantly increases the level of injuries. The problem of
crowding is especially aggravated by the growing age of young animals and the increase
in the size of the group. In the conditions of Group maintenance of piglets, a potential
source of stress is not only the size of the group, but also the density of their maintenance.
Violation of the parameters of the content density causes stressful situations,
accompanied by an increase in the number of aggressive fights between peers in the group
and a reduction in the duration of feed consumption, especially among weak and timid
animals (Harris M. J. et al., 2006; Braun Dzh. A., & Seddon Yu. M., 2014; Verdon M. et
al., 2015).

According to published data (Gillman C. E. et al., 2008; Temple D. et al., 2012;
Van Staaveren N. et al., 2018), the source of stress factors for pigs in the rearing process
can be the type of floor and the level of its sanitary condition. Keeping animals on a
completely latticed floor without bedding eliminates an important element of the
technological process — increased comfort.

Individual researchers (Li Y. Z. & Johnston L. J., 2009). we concluded that the
live weight of piglets and the introduction of new individuals into groups can negatively
affect their behavior, productivity and physiological state. In this context, it is necessary
to highlight the well-founded positions of specialists in the field of pig breeding
(Tokarchuk T. S., 2017; Lykhach V. Ya. et al., 2020), which emphasize that among the
negative sources of stress factors in industrial pork production, an important place is
occupied not only by changes in the conditions of detention, but also by the influence of
environmental factors and feeding features. However, in their opinion, a significant stress
factor for piglets is the period of re-formation of groups.

Comprehensive research (Schreder-Petersen D. L. & Simonsen H. D., 2001;
Martin J. E. et al., 2015) demonstrated that regrouping piglets contributes to the formation
of adaptive behavior at the fattening stage, while purposeful Organization of socialization
and game interaction between piglets in machines significantly reduces the manifestations
of agonistic behavior after weaning, which is important for increasing their stress
tolerance and optimizing productivity.

Today, the frequency of manifestations of heat stress is becoming an increasingly
urgent problem in the pig industry, which is due to global changes in climatic conditions,
in particular, an increase in ambient temperature, a decrease in humidity and air velocity.
According to (Trouw Nutrition, 2025), the agricultural sector annually suffers losses due
to heat stress in the amount of about 200 billion US dollars. Research by other scientists
(Yu J., 2010) indicate that heat stress in pigs leads to an increase in rectal temperature on
the body surface and a synchronous increase in serum cortisol levels against the
background of a significant increase in the expression of small intestine protein genes as
evidence of activation of adaptive mechanisms at the molecular level.

Among the most significant sources of stress in pig farming, which negatively
affect the physiological state of animals, transportation is singled out. Its consequences
are associated with a decrease in productivity, deterioration of the quality of meat raw
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materials, an increase in the incidence of respiratory and digestive pathologies
(Urrea V. M. et al., 2021). The researchers found that during transportation, pigs
experience a whole range of physiological and behavioral changes as evidence of
activation of stress responses. Violation of homeostasis is manifested in the form of tissue
hypoxia, dehydration of the body, changes in hematological and biochemical parameters
of blood (the level of red blood cells, white blood cells, hemoglobin increases), the
concentration of hormones, metabolites, nitrogenous compounds, protein fractions and
enzymes (Kushnerenko V. H., 2023). Among the criteria for systematic assessment of the
impact of technological stress factors on animals, blood and physiological state indicators
are of leading importance, which most fully reflect the functional state of their body. That
is why, given the multifaceted nature of the action of stress factors inherent in modern
pig breeding, which affect the functional state of the body of young animals, their
productivity and level of well-being, the assessment of the stress state caused by weaning
piglets from the sow, transferring them to rearing and fattening sites for the use of clinical
and physiological indicators, the role of which in this system is still insufficiently
justified, becomes particularly relevant. Equally important is the search for innovative
and more effective solutions to reduce the negative effects of these stress factors on the
body of young pigs. In the context of the study of adaptation processes, such biologically
active compounds as the amino acid glycine (czhsno2), succinic acid (C2HsO2) and nutrient
medium 199 are of particular scientific interest. their use contributes to the activation of
metabolic processes, the intensification of growth and development of animals, the
improvement of reproductive function and the increase in the level of natural resistance
of the body. At the same time, today there are not enough comprehensive generalizations
that highlight the practical feasibility of combined use of these substances in a single
pharmaceutical form and their possible synergistic effect in pig farming. The available
scientific publications are mainly devoted to the study of the effects of these agents
separately, mainly in sheep, Mink and cattle breeding. This, in turn, highlights the need
for scientific justification of the effectiveness of their combined use to increase the
adaptive stability of young pigs.

The aim of the research is to develop a new approach to minimize the impact of
technological stress factors on the clinical and physiological state of young pigs.

Materials and methods of research. Scientific and economic research was
carried out in the production conditions of the complex for the production of pork PE AF
"Svitanok™ Novovodolazhsky District of Kharkiv region, the experimental part — the
laboratory of breeding and Technological Research in small animal husbandry and horse
breeding of Livestock farming institute of NAAS of Ukraine.

To organize and conduct the planned work, generally accepted requirements for
conducting zootechnical experiments were applied. The experimental pig population was
represented by first-generation piglets, which were obtained as a result of reproductive
crossing of Landrace boars with Yorkshire sows and were imported from Denmark. To
form the experimental population in the conditions of the basic farm, imported sows were
inseminated with Duroc boars. As part of the experiment, key technological stress factors
included: weaning piglets from the sow, transferring them to rearing and fattening sites.

To conduct the experiment during weaning, three groups of piglets were formed-
analogues by genotype, age, gender and live weight, 10 heads each. Piglets of the Il
(experimental) group were intramuscularly administered an experimental drug at a dose
of 1.5 ml/10 kg of live weight per day, animals of the Il (experimental) group — a similar
dose (1.5 ml/10 kg of live weight per day) of a traditional anti-stress drug, and piglets of
the I (control) group were given an equivalent amount of sterile saline solution instead of
the studied drugs, in order to level the influence of the very fact of injections as a stress
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factor. Injections of drugs were made into the inner surface of the pelvic limb of the
animal, on an empty stomach, in the first half of the day two days before and two days
after the action of each stress factor.

Clinical studies were performed on the basis of a veterinary laboratory.
Biomaterial was obtained in the morning, two hours before feeding, from five animals of
each group from the large ear vein. Blood was collected in two dry, sterile test tubes, one
of which was pretreated with heparin to prevent clotting. The hemoglobin content was
determined by the hemoglobin cyanide method, the number of red blood cells was
calculated using the Goryaev chamber, and white blood cells were calculated using the
conductometric method. The leukocyte formula was evaluated by microscopy of blood
smears previously stained by the Romanovsky-Giemsa method, followed by counting
individual types of white blood cells (neutrophils, lymphocytes, monocytes, basophils,
eosinophils). The total protein concentration was determined in the blood serum using a
biuret reaction on a semi-automatic biochemical analyzer Rayto RT-1904c and the use of
certified reagents produced by NPP Filisit-Diagnostics LLC. The content of albumins and
globulin fractions (a-, B - and y-globulins) was studied in accordance with the guidelines
of the same manufacturer on an ULAB 102 spectrophotometer. glucose levels were
determined by the glucose oxidase method using the rayto RT-1904c analyzer. The
albumin-globulin coefficient was calculated as the ratio of the albumin concentration to
the total content of globulin fractions.

The presence of stress in the body of piglets was also concluded on the basis of
changes in clinical indicators. The heart rate was determined by palpation of the caudal
artery, the frequency of respiratory movements — by visual observation of fluctuations in
the abdominal wall with counting the number of respiratory movements per minute, and
the body temperature was recorded using a rectal thermometer.

Statistical data analysis was performed using the licensed STATISTICA 10.0
program (StatSoft) for the Windows operating system. The student's t-criterion was used
to compare the differences between the groups. The difference was considered
statistically significant if p< 0.05.

Research results. Generalization of the values of changes in the morphological
composition of blood indicates their intensive formation at the initial stage of the study,
which coincides with the period of the most active increase in productivity in
experimental animals. As the age of young animals increased, ambiguous changes were
observed in the blood profile: an increase in some shaped elements or a decrease in others.
At the same time, taking into account the stimulating effect of the studied drugs, the blood
parameters remained at the level of the physiological norm (Table 1).

The most pronounced increase in blood saturation with shaped elements at the
beginning of the experiment is inherent in young animals of Group I1l, which prevailed
over peers of Group I in terms of red blood cell content by 8.4% (p<0.05), white blood
cells — by 3.4% and hemoglobin concentration — by 5.7% and individuals of Group 1l —
by 3.5, 0.9 and 4.3%, respectively. This was due to increased hematopoietic function,
better adaptive ability of their body to stress due to the use of an experimental drug, and
higher growth rate. In animals that were given a standard stress reliever, compared to
Group | analogues, the increase in these blood components was less significant: only by
4.8, 2.5 and 1.3%, respectively.

In the leukogram of the blood of young animals of the experimental groups, a
decrease in the content of eosinophils by 16.7 and 22.2%, monocytes — by 9.1 and 33.3%,
as well as an increase in the level of Rod neutrophils — by 4.8 and 9.5%, lymphocytes —
by 8.2 and 5.7%, which indicates an improvement in the immune status of these animals
and a decrease in the intensity of the non-specific immune response to stress, while an
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increase in the content of eosinophils and monocytes in the structural spectrum of blood
leukocytes Group | piglets are a typical response of the body to stress-induced activation
of the immune system.

Table 1
Morphological composition of the blood of experimental young animals, (n=5),
x+S.
Indicator Group
I - - i -
control experemental | experemental
At the beginning of the experiment

Red blood cells, 10%%/L 5,46+0,11 5,72+0,19 5,92::0,16*
White blood cells, 10%/L 12,92+0,60 13,24+1,12 13,36+0,72
Hemaoglobin, G/L 109,20+3,89 110,60+4,99 115,40+5,42
Leukocyte formula, %

including: eosinophils 3,60+0,51 3,00+0,32 2,80+0,37
basophils 1,40+0,68 1,60+0,81 1,20+0,58
neutrophils: rod-shaped 4,20+0,58 4,40+0,51 4,60+0,51
segmentonuclear devices 39,40+3,19 39,40+4,30 37,80+2,82
lymphocytes 49,00+3,79 49,40+3,33 51,80+3,60
monocytes 2,40+0,51 2,20+0,58 1,80+0,37

At the end of the experiment

Red blood cells, 10%%/L 5,92+0,31 6,08+0,19 6,36+0,36
White blood cells, 10%/L 12,56+0,69 12,68+0,51 12,94+0,65
Hemoglobin, G/L 120,20+5,70 123,20+5,67 127,60+5,52
Leukocyte formula, %

including: eosinophils 3,20+0,58 2,80+0,37 2,60+0,40
basophils 1,20+0,73 1,80+0,92 1,80+0,80
neutrophils: rod-shaped 3,40+0,60 3,60+0,60 3,80+0,66
segmentonuclear devices 50,40+4,31 50,20+4,34 48,80+2,85
lymphocytes 38,20+3,75 38,40+3,04 40,80+2,85
monocytes 3,60+1,03 3,20+0,86 2,20+0,58

Note. *p<0.05 — probability of difference relative to Group |

At the final stage of rearing young animals of the experimental groups, an increase
in adaptive resistance to technological stress factors was noted, which probably made it
impossible to obtain statistically significant differences in the morphological composition
of blood between them and their peers of the control group. At the same time, compared
with its onset, the content of red blood cells in the blood increased by 6.3-8.4%, and the
concentration of hemoglobin — by 10.1-11.4%, and the leukocyte formula also changed
in the direction of increasing the specific proportion of segmentonuclear neutrophils — by
27.4-29.1%, against the background of an increase in the content of monocytes — by 22.2—
50.0%, which directly depended on the age characteristics of the formation of its cellular
composition, but the values of other parameters, on the contrary, decreased.

The use of anti-stress drugs contributed to an additional increase in the number of
red blood cells in the blood of animals of the experimental groups by 2.7 and 7.4%,
leukocytes — by 1.0 and 3.0%, hemoglobin concentration — by 2.5 and 6.2%, the level of
Rod neutrophils — by 11.8% in both cases of comparisons and lymphocytes — by 0.5 and
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6.8% compared to analogues of the control group. At the same time, regardless of the
group of animals, the content of segmentonuclear neutrophils prevailed over all forms of
white blood cells in the leukogram. Less significant and statistically unlikely
discrepancies in these indicators were between the analogues of groups 111 and Il in favor
of the former.

The content of total protein in the blood serum, the ratio between its fractions and
the concentration of glucose became important indicators of the changes that occurred in
the body of young animals (Table 2).

Table 2
Formation of biochemical parameters of blood serum, (n=5), x = S

Group
Indicator I - - i -
control experemental experemental
At the beginning of the experiment

Total Protein, G/L | 65,20+0,39 | 68,50£0,29%** | 72 10+0,26***/*
Protein fractions, %:

albumins 42,90+2,11 42,62+1,06 41,98+0,64
globulins 57,10+2,11 57,38+1,06 58,02+0,64
including: Alpha globulins 13,38+0,38 12,92+0,15 12,58+0,27
beta globulins 13,00+3,20 13,08+1,63 13,30+0,63
gamma globulins 30,72+1,41 31,28+1,20 32,14+1,37
AJG coefficient, units 0,75+0,06 0,74+0,03 0,72+0,02
Glucose, mmol/L 5,08+0,09 4,42+0,19* 4,15+0,22**

At the end of the experiment

Total Protein, G/L | 72,624229 | 73,40+1,68 76,26+1,13
Protein fractions, %:

albumins 44,12+0,65 44,06+0,11 43,42+0,30
globulins 55,88+0,65 55,94+0,11 56,58+0,30
including: Alpha globulins 13,10+0,07 12,82+0,09 12,00+0,07
beta globulins 13,74+0,18 13,86+0,05 14,48+0,27
gamma globulins 29,04+0,49 29,26+0,11 30,10+0,35
AJG coefficient, units 0,79+0,01 0,79+0,00 0,77+0,01
Glucose, mmol/L 6,28+0,52 5,744+0,44 5,55+0,68

Note. *p<0.05; **p<0.01; ***p<0.001-probability of difference in relation to Group I; #2p<0.001 - in
relation to Group Il

Analyzing the obtained data on the content of these components, we also note that
the features of their formation in the blood serum of animals of all groups had a similar
direction of changes. At the same time, the use of experimental and standard anti-stress
drugs already at the beginning of the research provided significant changes in the protein
composition of blood serum, characterized by higher indicators of the content of
globulins, and above all, the gamma-globulin fraction. Meanwhile, a positive reaction of
the body of young animals of the experimental groups to the administration of drugs was
also noted for the content of total protein in the blood serum, which was higher than in
the peers of the control group by 5.1 and 10.6% (p<0.001 in both cases of comparison).

At the same time, the use of an experimental drug with a distinctive effect on
increasing the total protein content was also manifested in the peers of Group Il and the
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difference in their favor was 5.2% (p<0.001). Similar advantages of experimental animals
over control animals, but with insignificant and statistically unlikely fluctuations in
values, were observed in the content of globulins by 0.5 and 1.6%, beta-globulin fractions
— by 0.6 and 2.3%, and gamma-globulins — by 1.8 and 4.6%.

The use of anti-stress drugs led to a decrease in the concentration of glucose in
the blood serum by 6.5% (p<0.05) and 18.3% (p<0.01), which indicates the normalization
of carbohydrate metabolism aimed at meeting the needs of the body in conditions of
technological stresses. On the other hand, a statistically significant increase in blood
glucose levels in Group | young animals is probably a consequence of the body's response
to these stress factors.

By the end of the experiment, the total protein content in the blood serum of
experimental animals increased by 11.4, 7.2 and 5.8% (p<0.05 in all cases of
comparisons), which confirms the long-term positive effect of the drugs not only on
reducing stress, but also improving protein metabolism. The protein level of the albumin
fraction increased by 2.8, 3.4 and 3.5%, the beta-globulin fraction — by 5.7, 6.0 and 8.9%,
and the glucose concentration — by 23.6%, 29.9 and 33.7%, respectively, in groups I, Il
and I1l. Despite the increase in glucose concentration during the experiment, its level
remained lower in the experimental groups than in the control group, which may be a
consequence of more effective assimilation against the background of the use of anti-
stress drugs.

With an increase in the duration of the experiment, there was a decrease in the
total level of globulins by 2.1, 2.5 and 2.5%, respectively, albumin fractions — by 2.1, 0.8
and 4.6%, gamma globulin fractions-by 5.5, 6.5 and 6.3%. The albumin-globulin
coefficient in the blood of animals of all groups remained almost stable during the
experiment and its values repeated the direction of albumin fluctuations, although in
animals of Group |, its slight increase is due to the high content of the globulin fraction.
Due to the nature of the detected changes, representatives of the 11 and 111 experimental
groups exceeded the analogues of the | control group by 1.1 and 5.0%, the level of
globulin fractions — by 0.1 and 1.3%, beta-globulin fractions — by 0.8 and 5.4%, and
gamma-globulins — by 0.8 and 3.7%.

The next stage of the study was the determination of clinical indicators in young
animals that characterize the functional state of the body's systems and allow us to assess
the effectiveness of the use of anti-stress agents (Table. 3).

Table 3
Functional state of the experimental young animal's body, (n=5), x = S_
Group
Indicator I - - i -
control experemental experemental
At the beginning of the experiment
Heart rate, beats/min 112,40+2,38 109,60+1,08 108,20+1,50
Respiratory 37,80+0,86 37,40+0,51 37,00£0,77
rate,movements/min
Body temperature, °C 39,38+0,09 39,14+0,20 39,08+0,11
At the end of the experiment
Heart rate, beats/min 107,40+2,04 105,40+1,81 103,80+1,69
Respiratory
rate. movements/min 34,80+1,24 33,80+1,24 33,20+0,97
Body temperature, °C 39,15+0,06 39,04:+0,22 38,88+0,12
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The obtained research results convincingly indicate a positive effect of the anti-
stress drugs used on the functional state of experimental animals, however, regardless of
the group, it was at the level of the physiological norm. At the same time, at the beginning
of the experiment in piglets of Group I, the respiratory rate was slightly accelerated by
0.4 and 0.8 movements/min or 1.1 and 2.2%, and the heart rate was higher — by 2.8 and
4.2 beats/min or 2.6 and 3.9%, compared with peers of groups Il and Il1l. At the same
time, the body temperature was stable, and the difference between the control and
experimental groups was only 0.24 and 0.30 °C or 0.6 and 0.8 %.

At the end of the experiment, a similar dynamics was observed: in piglets of Group
I, the respiratory rate remained slightly higher by 1.0 and 1.6 movements/min or 1.8 and
4.5%, respectively, compared to individuals of groups Il and I11. In addition, there was a
tendency to increase the heart rate by an average of 2.0 and 3.6 beats/min, or 1.9 and
3.5%. The lowest variability was characterized by body temperature, for which a clear
intergroup difference was not proved, although its higher values are also inherent in
young animals of Group I by 0.24 and 0.3 °C or 0.6 and 0.8%, compared to analogues of
groups Il and I11.

As the experiment lengthened, the breathing rhythm in all experimental animals
decreased by 3.0-3.8 movements/min or 7.9-10.0%, and the number of pulse beats
decreased by 4.2-5.0 beats/min or 3.8-4.4%. The body temperature of experimental
animals changed slightly during the experiment, maintaining a general tendency for all
groups to decrease by 0.18-0.23 °C or 0.3-0.6%. The results obtained indicate a high
level of adaptation of piglets of all groups to the effects of technological stresses.

The stability of the functional state of the body of young animals of experimental
groups against the background of the use of anti-stress drugs both at the beginning and at
the end of the experiment confirms their effectiveness in increasing the adaptive ability
for the manifestation of technological stress factors.

Discussion. In modern conditions of pig breeding development, the problem of
reducing the negative consequences of the impact of technological stress factors on the
pig body is becoming a priority. Its solution is based on the introduction of a complex of
interrelated approaches, among which an important place is occupied by pharmacological
correction of the physiological state, optimization of feeding rations, selection on the
basis of resistance to stress, as well as technological (improvement of conditions and
parameters of maintenance, microclimate parameters, modernization of equipment,
improvement of production processes).

The relationship between clinical and physiological parameters and stress
resistance in pigs with the use of stress-correcting agents has been the subject of research
by many scientists (Babenko S. P., & Cherniavskyi O. O., 2011; Hartnett P. et al., 2020;
Martyshuk T. V. et al., 2021; Wang L. et al., 2023). At the same time, from a scientific
and practical point of view, the use of our own approach, without reducing the
significance of existing theoretical achievements, allowed us to reveal new aspects of the
physiological role of these indicators in the formation of the adaptive ability of young
pigs to the influence of technological stress factors.

Summarizing the accumulated experimental material, it was found that
technological stress factors caused Intergroup differences in the formation of the Morpho-
biochemical composition of blood, although these indicators were at the level of the
physiological norm. The use of the experimental drug from the beginning of the
experiment weakened the negative impact of stress factors on hematopoiesis function,
contributing to an increase in the content of red blood cells by 8.4% (p<0.05), white blood
cells-by 3.4 %, hemoglobin concentration — by 5.7% and Total Protein — 10.6%
(p<0.001), compared with the peers of the control group. In animals of the 11 experimental
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group, which were administered a standard anti-stress drug, these indicators for animals
of the 111 group changed less clearly — respectively by 3.5, 0.9, 4.3 and 5.2% in favor of
the latter, which indicates different effectiveness of the studied drugs. At the end of the
experiment, there was a tendency to increase the corresponding indicators in the blood of
young animals of both experimental groups, which confirms their long-term positive
effect on hematopoietic function. However, regardless of the group and time period of
the experiment, fluctuations in the leukogram and albumin-globulin composition of the
blood were less significant. Similar confirmations regarding the effect of stress-correcting
drugs on the indicators of non-specific immunity and antioxidant protection of pigs are
highlighted in the works (Stoianovsky V., 2012; Stoianovsky V. H., 2013; Antonenko P.
P.etal., 2013; Fotina T. I., & Rebenko H. I., 2015).

At the same time, changes in physiological parameters demonstrate a natural
response of young animals to the influence of technological stress factors. In particular,
both at the beginning and end of the experiment, they were slightly higher in piglets of
the control group with an increase in serum glucose concentration, which indicates a more
pronounced stress response of the latter's body to the action of these factors. In addition,
a likely increase in total protein content against the background of a likely decrease in
serum glucose levels is probably associated with an increase in the intensity of growth of
young animals and optimization of metabolic processes occurring against the background
of a decrease in stress load. Reducing the action of catecholamines and corticosteroids
normalizes the functional state of the liver, stimulating the synthetic activity of
hepatocytes and increasing the concentration of protein fractions in blood plasma, mainly
globulins. A simultaneous decrease in glucose levels may reflect an increased use of
energy substrates for growth needs, i.e. more efficient absorption of glucose by cells with
a stable energy supply. But there was no direct evidence of the implementation of this
process in the literature available to us.

Conclusion.

The use of anti-stress drugs had a positive effect on the morphological
composition of the blood and protein-carbohydrate metabolism. In experimental animals,
a significant increase in the content of red blood cells, total protein and individual protein
fractions, in particular beta - and gamma-globulins, was noted against the background of
a decrease in glucose concentration, which indicates an increased adaptation of the body
to technological stresses and stabilization of its functional state. At the same time, the
experimental drug turned out to be the best.
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Traditional selection in cattle heavily relies on linear mixed models (BLUP),
which are effective but limited in modeling non-linear genetic interactions (epistasis).
Machine learning (ML) algorithms offer an alternative capable of detecting complex
dependencies in genetic data. The aim of this work was to test the Support Vector
Regression (SVR) methodology for predicting milk productivity and to develop a "reverse
engineering™ approach to identify optimal allelic combinations based on a limited and
heterogeneous set of genetic markers.

The study was conducted on a sample of 81 Ukrainian Red-and-White dairy cows.
Genotypes for 3 QTLs (PRL, LEP, TNF-a) were used, which were transformed into 12
binary features (One-Hot encoding). Milk yield (305 days) and fat content (kg) were used
as target variables for building the SVR model. The target variable (milk yield) was
standardized using StandardScaler. The model was trained using 5-fold cross-validation
with hyperparameter tuning (GridSearchCV), comparing both non-shuffled and shuffled
data splits. A synthetic "solution space™ (54 combinations) was generated to identify
"ideal™ genotypes, which was then analyzed by the trained SVR model.

Three-way ANOVA did not reveal a statistically significant (p < 0.05) effect of the
main factors (PRL, LEP, TNF-a) or their interactions on milk yield, although PRL
showed a borderline trend (p=0.055). SVR models trained on non-shuffled data failed,
yielding negative R? values (down to -0.066), indicating overfitting. However, the model
using all 3 markers (12 features) combined with 5-fold cross-validation with shuffling
(shuffle=True) achieved the best, albeit practically negligible, positive result (R*> =
0.0064) using a non-linear ~rbr’ kernel, with an estimated RMSE of ~790 kg. The
"reverse engineering" approach identified hypothetical complex genotypes (Top 3: CC-
CC-AD, CT-CC-AD, CC-CC-AB) with a predicted yield (up to 5173 kg) significantly
higher than the herd average (4838 kg).

The study confirmed the methodological suitability of SVR for analyzing
heterogeneous genetic data and "reverse engineering” selection goals, even on a
critically small sample (n=81). The low R? values highlight that the primary limitation is
the small sample size relative to the number of features, which prevents the model from
capturing reliable predictive signals. This approach serves as a powerful analytical
complement to traditional BLUP methods, providing a framework for identifying
desirable "genetic formulas" for targeted selection once larger datasets become
available.

Keywords: machine learning (ML), support vector regression (SVR), prediction,
genetic markers, dairy cattle productivity.
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3ACTOCYBAHHA METOAY OIIOPHUX BEKTOPIB (SVR) JJI51
INEHTHOIKALII TA "3BOPOTHOI'O IHZKMHIPUHI'Y"
BUCOKOIIPOAYKTUBHUX AJIEJIBHUX KOMBIHAIIIN ¥ BPX

IOpiii JIAIHEHKO, k. c.-T. H., c. H. ¢., https://orcid.org0000-0003-2747-476X
Incruryr TBapunaunrea HAAH, Xapkis

Tpaouyiiina cenexyis BPX cnupaemuvcs ua ninitini 3miwani mooeni (BLUP),
ehexmueHni, ane obMediceHi y 8PAXy8aAHHI HETHIIHUX 2eHeMUYHUX 83AEMOOTU. Aneopummu
MauwunHno2o nHasuanuns (MH) 0arome 3Mo02y 8UABIAMU CKAAOHT 3AIEHCHOCTE Y 2eHEMUYUHUX
Ooanux. Mema pobomu — anpodysamu pecpeciio onophux eexmopie (SVR) o0ns
NPOCHO3YBAHHS MOJIOYHOI NPOOYKMUBHOCMI Mda po3pooumu  nioxio «360POMHOCO
IHOICUHIDUHZY» Ol GUBHAYEHH ONMUMAIbHUX QNIeIbHUX KOMOIHAYi HA OCHO8I
0OMedHcen020 2emepo2enHo20 Habopy mapkepis. /locniodcents BUKOHAHO Ha 8ubipyi 3 81
MBAPUHU YKPAIHCLKOT 4epB8OHO-PAO0I MOI0UHOI hopoou. Bukopucmano eenomunu mpvox
QTL (PRL, LEP, TNF-a), nepemsopeni y 12 6inapnux osnax (One-Hot encoding).
Linvosa 3minna — wuaoit 3a 305 oOmie. [ani nooineno na mpenysanvnuii (80%) i
mecmosuil (20%) nabopu, macumabdysanHs npogedeHo 3a donomozoio StandardScaler.
Mooenv SVR masuanu 3 5-kpamuoio nepexpecHoro 8anioayicro ma Haiaumy8aHHIM
einepnapamempie (GridSearchCYV), nopigntorouu nepemacogati i Henepemaco8aHi Oami.
s nowyky onmumanbHux 2eHOmunie CMmeopeHo CUHMemuyHUuLl «npocmip piwienvy (54
Kombinayii), npoananizoeanutl Haguernowo mooenito SVR.

Tpugpaxmopnuit ANOVA ne 8ussue cmamucmuyro 3Ha¥yuio20 enausy ¢axmopie
(PRL, LEP, TNF-a) abo ix e3aemooiu na naoditi (p < 0,05), xoua ons PRL 6io3naueno
noepanuuny menoenyiro (p = 0,055). Mooeni SVR na nenepemacosanux 0aHux noKazaiu
610 emui R? (00 —0,066), wo ceiouums npo nepenaguanns. Hamomicms mooens 3 ycima
mpvoma mapxkepamu (12 o3nak) i S-kpammuoro nepexpecHoro eanioayicio 3
nepemacysanuam (shuffle=True) docsena natikpawjo2o, xou i He3HAYHO20, pe3yIbmamy
(R? = 0,0064; RMSE = 790 ke) 3 siopom «rbf». Ilioxio «360pomnoco iH#CUHIDUHSY»
susHauue nomenyiino onmumanvui cenomunu (Ton-3: CC-CC-AD, CT-CC-AD, CC-CC-
AB) 3 npoenososanum Haooem 0o 5173 ke, wo nepesuwyye cepeouitl pigeHb no cmaody
(4838 ko).

Hocniosxcenus niomeepouno memooonociuny npudamuicme SVR Ons amanisy
2eMEPOeHHUX 2eHeMUYHUX OaHUux ma yineu 6i06opy 3a 00NOMO20H0 «360POMHOL
iHJfcenepii», Hasimb Ha KpumuuHo maniu eudipyi (n=81). Huzwki 3nauenus R?
RIOKpecuooms, W0 OCHOBHUM OOMEINCeHHAM € Maiuil po3mip 6UOIPKU BIOHOCHO
KLIbKOCMI O3HAK, WO 3a8adxcac mooeni gikcysamu HAOIUHI npoeHocmuyni cuenanu. Llet
RIOXIO CAYAHCUMb NOMYHCHUM AHANTMUYHUM OONOBHEHHAM 00 MPAOUYIUHUX Memooi
BLUP, 3abe3neuyrouu ocHO8y Ol BUSHAYUEHHS OANCAHUX «2eHEeMUYHUX GOpMYL» O]
yinecnpamosanozo 8i000py, KoaU CMAHyms OOCMYNHUMU OLIbWI HADOPU OAHUX.

Kurouosi cinoBa: mammune HapuanHs (MH), meton onopuux BektopiB (SVR),
MIPOTHO3YBaHHs, TEHETUYHI MapKepH, MOJIOYHA MTPOAYKTUBHICTH KOPIiB

Introduction. The estimation of animal breeding values (EBV) forms the basis of
modern selection. For decades, BLUP (Best Linear Unbiased Prediction) models and their
genomic modifications (GBLUP, ssGBLUP) have remained the recognized standard in
the field (Chafai et al., 2023). These methods are linear mixed models that effectively
account for additive genetic variation using relationship (A) or genomic (G) matrices.

However, quantitative traits such as milk productivity are the result of complex
biological processes involving non-additive genetic effects, particularly dominance and
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epistasis (gene-gene interactions) (Mackay TF, 2014). Linear BLUP models account for
epistasis only indirectly, and its explicit inclusion in prediction remains a complex task
(Alves K et al., 2023).

In parallel, alternative approaches based on machine learning (ML) algorithms are
being developed, such as Support Vector Regression (SVR), Random Forest (RF),
Gradient Boosting Machines (GBM), and neural networks (Azodi et al., 2019, Mendoza
et al., 2019). The key advantage of these methods is their ability to model complex, non-
linear interactions directly from the data (Pérez-Enciso et al., 2019). This is particularly
relevant for populations with limited or heterogeneous genomic information (e.g., when
using data of different types — immunogenetic, microsatellite, SNP).

Unlike BLUP, ML models can serve as a complementary prediction system that
focuses exclusively on the direct "marker — phenotype" relationship, eliminating the
need for complex relationship matrices.

Current research extends beyond predicting the phenotype based on a known
genotype (G—P). Rather, of particular interest is the "reverse engineering” of genetic
data (Rockman, 2008; Choi et al., 2024). This approach treats a trained machine learning
(ML) model as a powerful computational simulator (Liu et al., 2025). It allows for in
silico resolution of the inverse problem (P —G"): “What allelic combination (G') is
necessary to achieve a target productivity level (P)?” (Cavallaro et al., 2024)..

Today, thanks to the development of molecular technologies, a significant amount
of data on the polymorphism of key QTL loci and their associations with economically
valuable traits has been accumulated. This has become the basis for the active
implementation of marker-assisted selection (MAS). For certain cattle breeds,
comprehensive model genotypes, so-called "desirable genotype formulas,” have already
been developed, reflecting optimal allelic combinations for individual candidate genes
(e.g., CSN3, DGATL, LEP, GH, PIT-1, etc.) (Kopylov et al., 2015; Berezovskyi et al.,
2015, Kopylov et al., 2016; Hladiy et al., 2018, Ivashchenko, 2023).

However, this approach has a fundamental limitation. In modern domestic and
global practice, research mostly focuses on individual loci, while the analysis of complex
genotypes (haplotypes) and their combined effect on productivity is almost never carried
out. Instead, desirable genotypes of individual loci are usually mechanically combined
into "formulas"” that are actually based on an additive model—an assumption that the
overall effect is a simple sum of the contributions of individual genes.

Such an approach deliberately ignores epistasis—complex non-linear interactions
between different genes. Quantitative traits, including milk productivity, are polygenic in
nature, and their phenotypic expression is determined not so much by the presence of
individual "favorable” alleles as by their harmonious combination. The "optimal allele
of one gene may prove to be ineffective or even unfavorable in combination with a
specific allele of another gene.

This is why the use of machine learning (ML) methods in this context is extremely
promising. Traditional linear models have limitations, whereas ML algorithms like SVR
or Random Forest can detect hidden non-linear relationships in complex datasets. They
view the genotype as a comprehensive system, making it possible to account for epistatic
effects. This enables a transition from the additive summation of markers to the
identification of synergistic allelic combinations (haplotypes) that underlie the highest
productivity.

The SVR algorithm is particularly attractive in this context. Unlike, for example,
neural networks, which require massive amounts of data, SVR demonstrates high
efficiency on relatively small samples (Vapnik, 1995). This is achieved through the
"kernel trick,” which allows the model to find non-linear dependencies in a high-
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dimensional feature space without explicitly computing these complex interactions.
Specifically, the Radial Basis Function (RBF) kernel, chosen for this study, is capable of
modeling complex epistatic effects, making it an ideal candidate for analyzing polygenic
traits on limited datasets (Gonzalez-Recio et al., 2011).

The aim of this study was (1) to test the Support Vector Regression (SVR)
methodology for predicting dairy cattle productivity and (2) to develop and test a "reverse
engineering” approach to identify hypothetical high-productivity allelic combinations
based on a limited set of heterogeneous genetic data.

Materials and methods. 1.Sample and Phenotype Characteristics. The study was
conducted on a sample of cows (n=81) from the Ukrainian Red-and-White dairy breed
population (State Enterprise Experimental Farm"Gontarivka,” Kharkiv region). Data on
milk yield for the first lactation (305 days) and fat content (kg) were used as the target
traits (phenotypes). Descriptive statistics for the milk vyield trait were: Xmean
=4838+91,5 kg, Xvax= 7093 kg, Xin=2592 Kkg.

1. Genotyping and Data Preparation. Animals were genotyped using
heterogeneous marker systems based on functional QTLs: prolactin (PRL, exon 4,
35106206C>T), leptin (LEP, exon 2, 73C>T), and tumor necrosis factor-alpha (TNF-a,
exon 2, SSCP analysis).

To unify the data, the "One-Hot encoding™ approach was applied. Each detected
genotype (12 variants in total: PRL (3), LEP (3), TNF-a (6)) was converted into a separate
binary feature (column), where 1 indicated the animal's possession of the allele and 0
indicated its absence. Thus, an initial feature matrix (X) with dimensions of 81 animals X
12 features (markers) was formed.

2. Statistical Analysis (ANOVA). To preliminarily assess the associative links
between individual genotypes (PRL, LEP, TNF) and milk yield ("Milk’), an analysis of
variance (ANOVA) was performed. The analysis was carried out in the Python
environment using the ols (Ordinary Least Squares) function from the
statsmodels.formula.api library.

Both single-factor models (e.g., Milk ~ C(PRL)) and multi-factor models
considering interactions (e.g., Milk ~ C(PRL) * C(LEP) and Milk ~ C(PRL) * C(LEP) *
C(TNF)) were evaluated. The statistical significance of the effect of each factor and their
interactions was determined using the F-test (using ANOVA Type II).

3. SVR Modeling. The Python programming language and the Scikit-learn library
were used for the analysis (Pedregosa et al., 2011).

1) Sample Formation: The feature matrix (X, 81x12) and the target variable
vector (y, 81x1, milk yield) were split into training (80% of data) and testing (20% of
data) sets.

2) Data Scaling: As SVR is sensitive to scaling, the target variable (Y, milk
yield) was standardized (StandardScaler) to a zero mean and unit variance. The feature
matrix (X), consisting of binary data (0/1) after encoding, was not scaled.

3) Model Training: A Support Vector Regression (SVR) model was used. To
find non-linear dependencies, the Radial Basis Function (RBF) kernel (kernel="rbf') was
chosen, and the standard linear kernel (kernel="linear") was also tested for comparison.

Model optimization was conducted for two key hyperparameters:

e c (Regularization parameter): Controls the trade-off between minimizing the
error on the training data and maximizing the margin. Low c values allow for a larger
error (a softer margin), which prevents overfitting, whereas high c values attempt to
minimize the error, risking overfitting.
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e cpsilon (e-insensitive zone): Defines the width of the "tube” within which
prediction errors are not penalized. This parameter allows the model to ignore minor
"noise” in the data.

Optimal hyperparameters (C, epsilon, and kernel type) were automatically
selected using an exhaustive Grid Search (cridsearchcv) with 5-fold cross-validation
on the training set.

4) Accuracy Assessment: The predictive ability of the final model was
evaluated on the test set (20% of data the model had not seen during training) using the
coefficient of determination (R?) and the Root Mean Squared Error (RMSE).

e R? (Coefficient of Determination): A metric showing the proportion (from
0 to 1) of the variance in the target variable that the model can explain. It is particularly
important that R? can be negative (R? < 0) if the model performs worse than simple data
averaging, which is a clear indicator of model non-viability.

e RMSE (Root Mean Squared Error): An absolute error measure expressed
in the units of the target variable (in our case, kg of milk). It shows how much, on average,
the model's predictions deviate from the actual values and is more interpretable than R?
for assessing the practical magnitude of the error.

5 "Reverse Engineering" Methodology. After training and validation, the SVR
model was used for "reverse engineering."

1) Solution Space Creation: Based on the 12 selected markers, a complete
solution space was generated—a synthetic matrix x synth containing all possible unique
combinations of these alleles. The total volume of hypothetical genotypes was 54 (3x3x6)
combinations.

2) Hypothesis Prediction: The trained SVR model
(model.predict (X_synth)) was applied to each of the 54 hypothetical combinations to
predict the scaled milk yield.

3) Inverse Transformation: The resulting predictions were returned to their
original scale (kg) using an inverse transformation (scaler y.inverse transform),
allowing absolute milk yield values to be obtained.

4) Identification: The obtained predictions were sorted in descending order
to identify the TOP-10 best allelic combinations corresponding to the maximum predicted
productivity.

Data processing and machine learning model construction were performed using
the Google Colaboratory (Colab) cloud service.

Research results. Prior to building predictive machine learning models, an
analysis of variance (ANOVA) was conducted to assess the presence of statistically
significant associations between the genotypes of individual loci (PRL, LEP, TNF-a) and
the target trait — milk yield for 305 days in the first lactation.

To evaluate not only individual effects but also possible epistatic interactions
between loci, a three-way analysis of variance was performed. The analysis results
(Table 1) indicate the absence of a statistically significant (p < 0.05) effect on milk yield
for any of the three markers taken individually, as well as for factor interactions. The
prolactin (PRL) locus showed a trend towards an association (p=0.055), but it did not
reach the established significance level. The absence of strong linear associations
indicates the difficulty of predicting this trait and justifies the need to apply more flexible
non-linear machine learning methods like SVR.

For building the predictive models, SVR was used. The genotypes were
transformed using One-Hot Encoding, resulting in a model with 6 features for 2 markers
(PRL+LEP) and 12 features for 3 markers (PRL+LEP+TNF-a).
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Table 1
Results of the three-way analysis of variance (ANOVA) of the influence of
genotypes (PRL, LEP, TNF-a) on the milk yield of Ukrainian Red-and-White dairy

cattle
Source of Variation df SS MS F p
C(PRL) 2.0 5.287718e+06 | 2.64e+06 3.814 0.055
C(LEP) 2.0 2.803068e+05 | 1.40e+05 0.202 0.654
C(TNF) 5.0 4.461275e+06 | 8.92e+05 1.038 0.362
C(PRL):C(LEP) 4.0 5.585413e+05 | 1.40e+05 0.163 0.689
C(PRL):C(TNF) 10.0 | 3.024966e+06 | 3.02e+05 0.352 0.878
C(LEP):C(TNF) 10.0 |5.055151e+06 | 5.06e+05 0.588 0.709
C(PRL):C(LEP):C(TNF) | 20.0 | 7.549629e+06 | 3.77e+05 0.440 |0.930
Residual 46.0 | 3.952052e+07 NaN NaN NaN

Notes. Residual - residuals, SS - sum of squares, MS - mean square, F - F-statistic, p - significance level.

Due to the extremely limited sample size (n=81), a 5-fold cross-validation method
was used for objective model quality assessment. This method involves dividing the 81
observations into 5 equal parts (“folds"), approx. 16-17 animals each. The process is
repeated 5 times: the model is trained on 4 parts (=65 animals) and checks its accuracy
(calculates R? and RMSE) on the 1 part (=16 animals) it has "not seen." The final R? (or
RMSE) score is the averaged value of these 5 separate tests. This provides a much more
reliable estimate than a single 80/20 split.

Furthermore, we compared two cross-validation approaches:

1.  Without shuffling (shuff1e=False): Data is split sequentially. This can lead
to a biased estimate if the data has a hidden order.

2. With shuffling (shuffie=True): Data is randomly permuted before being
split into 5 folds. This creates more "truthful™ and representative folds.

The impact of the cross-validation method proved critical for correct model
evaluation. As shown below, models tested without shuffling (shuffle=ralse)
demonstrated worse and less stable R? results than models tested with shuffling
(shuff1le=True), which provided more representative test folds.

Scenario 1: SVR Model (PRL + LEP)

When using the SVR model with two markers (PRL and LEP, 6 input features),
the cross-validation results were unsatisfactory (Table 2).

Table 2
Comparison of SVR results for Scenario 1 (PRL+LEP)
Validation Method | Best R? |RMSE (kg) Best Hyperparameters
No Shuffle -0.066 ~809 {'C" 0.1, 'epsilon": 0.01, 'kernel': 'rbf’}
(shuffle=False)
With Shuffle 0.0037 =793 |{'C": 0.1, 'epsilon’ 0.5, 'kernel': 'linear'}
(shuffle=True)

In the first case (no shuffle), the R? is negative, indicating complete model non-
viability. This is likely because the sequential data split led to unrepresentative test
samples. Applying shuffling (shuffie=True) stabilized the evaluation, allowing a weak
but positive R* = 0.0037 (0.4% of variance explained) to be obtained. Interestingly,
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Gridsearchcv Selected the kernel='1inear' as optimal here, suggesting the model
could not find useful non-linear dependency and the simple linear combination was
slightly more robust against overfitting.

Scenario 2: SVR Model (PRL + LEP + TNF-«)

Adding the third marker (TNF-a), which increased the input features to 12, also
demonstrated the benefits of shuffling (Table 3).

Table 3
Comparison of SVR results for Scenario 2 (PRL+LEP+TNF-a)

Validation Method | Best R? | RMSE (kg) Best Hyperparameters

No Shuffle N . i Lt . . .
(shuffle=False) -0.032 ~795  |{'C" 0.1, 'epsilon: 0.01, 'kernel" 'linear'}
Wlth Sthﬂe ~ Tal® 1 H 1. 1 [ {
(shuffle=True) 0.0064 ~790 {'C" 0.1, 'epsilon’: 0.01, 'kernel": 'rbf’}

Similar to scenario 1, the non-shuffled model showed a negative R? (-0.032).
However, when applying shuffling, the model achieved the best score of all tested
variants: R? = 0.0064.

It is important to note that in this case (with 12 features), cridsearchcv selected
the non-linear xerne1="rbf'. This suggests that adding the TNF-oa. marker allowed the
model to capture an extremely weak, but statistically fixed, non-linear interaction
between the markers, which neither the 2-factor model nor the classic ANOVA could
detect.

Based on this best (though still very weak) SVR model (Scenario 2, shuffled,
R?=0.0064), 54 hypothetical genotype combinations (3 PRL x 3 LEP x 6 TNF-a) were
generated, and milk yield was predicted for each. The top 10 combinations with the
highest predicted yield are presented in Table 4.

Table 4
The best hypothetical complex genotypes according to SVR prediction (R>=0.0064)
Ne PRL LEP TNF-a Milk yield (305 days), kg

1 CcC CC AD 5173.2
2 CT CC AD 5139.7
3 CcC CC AB 5057.8
4 CT CC AB 5035.9
5 CcC CT AD 5022.0
6 CC CC AA 5013.6
7 TT CC AD 4988.0
8 CcC CT AB 4964.9
9 CT CC AA 4940.0
10 CcC CC AC 4929.1

The analysis shows that the model favors combinations containing the PRL-CC
genotype (6 of the top 10), LEP-CC (8 of the top 10), and TNF-AD (4 of the top 10).

Discussion. The SVR modeling results are fully consistent with the preliminary
ANOVA data (Table 1). ANOVA did not reveal a statistically significant linear
relationship between the studied markers and milk yield, which explains why the
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predictive models built on the same data demonstrated an extremely low coefficient of
determination (R?). In essence, the machine learning models confirmed the ANOVA
conclusion: in this sample (n=81), there is no strong predictive signal associated with the
PRL, LEP, and TNF-« loci.

The study demonstrated the successful application of the SVR algorithm for
working with heterogeneous genetic data (QTLs) under small sample size conditions. The
key result is not so much the absolute prediction accuracy (which is expectedly low due
to the N=81 to p=12 ratio) but the successful implementation of the "reverse engineering"
methodology. Unlike traditional estimation, which provides a forecast for existing
animals, our approach allowed us to generate an "ideal genetic formula™ —a selection goal
that can be pursued through targeted fixation of desired alleles.

The use of the non-linear 'rof' kernel in SVR potentially allowed the model to
account for epistatic interactions between the 12 selected markers. It is likely that the high
predicted yield of the TOP genotypes (Table 4) is due precisely to a successful
combination of alleles, and not just their additive sum effect, which BLUP would
estimate.

The study also highlighted the key challenges of working with small-sample
biological data. Although classic ANOVA found no significant associations (p>0.05),
applying SVR with shuffling (shuf f1e=True) allowed for a minimal positive R? = 0.0064
(Scenario 2). This indicates that adding the TNF-o. marker and using the 'rof' kernel
allowed the model to capture an extremely weak non-linear dependency that ANOVA
could not detect.

However, an R? = 0.0064 means the model explains only about 0.6% (not 1%) of
the milk yield variance. The calculated RMSE for this model was ~790 kg (with a data
standard deviation =818 kg). This indicates that, despite the positive R?, the model has
no practical predictive value for selection.

The main reason for the low efficiency is the insufficient sample size (n=81).
When we encode 3 markers, we get 12 input features. Training a model on 12 features
with only 81 observations leads to the "curse of dimensionality" and severe overfitting,
which we observed as negative R? values in most scenarios.

To improve the prediction, it is necessary to:

1. Significantly increase the sample size (to several hundred or thousand animals).

2. Include additional markers that have a proven strong association with the trait.

3. Include non-genetic factors (parity, calving season, feeding level) as additional
features in the model.

Furthermore, it is worth noting that although Random Forest is often considered
a more powerful algorithm, in parallel experiments (data not shown) on this same sample,
it showed significantly worse results (R? =~ -0.10 to -0.23). This indicates its stronger
tendency to overfit on such a feature-to-observation ratio (12 to 81). This underscores the
advantage of SVR (especially with regularization-promoting parameters like c=0.1)
specifically in critically small sample conditions.

This study is primarily an important validation of the methodology for applying
machine learning (SVR) for analyzing genetic data in animal husbandry. It clearly
demonstrated the importance of correct model evaluation, particularly the use of cross-
validation with shuffling (shuff1e=True), to obtain reliable results on small samples.

It was shown that a negative R? (as in the non-shuffled scenario) is just as
important a result as a positive one, as it clearly indicates the model's non-viability and
prevents false conclusions that could be drawn from an inflated R? on the training set.

Although the current models have no practical predictive value, the developed
algorithm (feature encoding, hyperparameter tuning, R?RMSE evaluation) provides a
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basis for further analysis on expanded datasets. The ML approach should be considered

a powerful analytical tool that complements the traditional BLUP system. It provides a

new methodological basis for identifying rare but high-productivity allelic combinations

and for the operational management of the genetic fund.

Conclusions:

1. The Support Vector Regression (SVR) methodology confirmed its suitability
for processing and modeling heterogeneous genetic data.

2. Multi-factor analysis of variance (ANOVA) did not reveal a statistically
significant (p < 0.05) influence of the genotypes of the PRL, LEP, TNF-« loci, or their
interactions, on the milk yield level in the studied sample of 81 animals.

3. Building SVR predictive models on a small number of observations (n=81)
showed low efficiency. Models tested without data shuffling (shuffle=False)
demonstrated negative R? (down to -0.066), indicating overfitting and lower accuracy
than a simple mean model.

4. Applying cross-validation with shuffling (shuff1e=True) stabilized the SVR
model evaluation (PRL+LEP+TNF-«), allowing the best (though practically
insignificant) result of R2 = 0.0064 to be achieved with a non-linear 'rof' kernel.

5. The proposed "reverse engineering” approach successfully identified
hypothetical genotypes with high predicted productivity; however, the best model's
average error (RMSE) is ~790 kg, confirming its low predictive value for practical
selection.

6. The insufficient sample size (n=81) relative to the number of input features
(n=12) is the main limiting factor for building a reliable predictive model.

7. Further research requires a substantial increase in sample size and the testing
of more complex ML algorithms (Random Forest, XGBoost) to improve prediction
accuracy.
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The results of generalized data on various technologies of large-scale enterprises
with milk production volumes (more than 40 thousand c/year) and a cow population of
more than 500 heads are presented. Various milking technologies with milk productivity
of cows up to 6000 kg, from 6000 kg to 7000 kg and more than 7000 kg of milk per cow
are analyzed, options for using additional technical means for preparing and distributing
Feed, distribution of cows according to feeding technologies — the ratio correlates with
the system of maintenance, but the type of feeding also depends more on the feed supply
sector, on this basis the elements of production technologies (milk, beef from culled cattle,
increase in live weight of animals on cultivation, fattening) are justified, which are
characteristic of the rational organization of the process.

The created simulation model of production of cattle products within certain
parameters of enterprises of large production capacity is applied — with the number of
cattle 2500-3200 heads, (600-1000 cows with a capacity of 7000-9000 kg per cow and
the fat content of milk 3.8-4.1 %).

The structure of the energy content of products by type is determined and given -
milk, live weight of culled animals, growth of raised livestock, obtained offspring, taking
into account the energy content of excrement and litter. It is proved that the largest share
in the structure of the energy content of products suitable for nutrition belongs to the
energy content of produced milk — 76.1-84.4 %., In relation to this most influential factor
on the coefficients of energy efficiency of the main and total production, the functional
dependences of the energy content of products on fat in milk and the relationship between
the coefficients of energy content of products and milk fat are determined. The
determination of annual total energy costs for the production of cattle products is carried
out taking into account the logistics component of the technological process.

Keywords: energy consumption, energy efficiency, technology parameters,
productivity, product quality.
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Ilpeocmasneni  pesynomamu  y3a2canbHeHux — OAHUX — PI3HUX — MEXHONO2IU
BENUKOMOBAPHUX NIONPUEMCME 3 oOcseamu supobHuymea monoxka (oirvue 40 muc.
y/pix) i noeonis ’sim kopis dinvwe 500 eonis. Ilpoananizosano pizni mexnonozii 00inHs i3
MOI04HOI0 npodyKmusHicmio kopie 0o 6000 ke, 8io 6000 ke do 7000 ke i 6inbuwe 7000 ke
MOJNIOKA Ha KOpO8Yy, 6apianmu 3ACMOCYBAHHA O000AMKOBUX MEXHIYHUX 3ac00ie 3
ni02omo6Ku ma po30aABaHHs KOPMIS, pPO3N00il KOpPI8 3a MeXHONo2iaMU 200i61i —
CNiBBIOHOUIEHHSL KOPETIOE I3 CUCMEMOI0 YIMPUMAHHS, dle mun 20016/ Oiibuie 3a1exicums
maxodc 6i0 cekmopy Kopmosabesneuenns, Ha yiti ocnosi obrpynmosani enemenmu
MEeXHON02IL BUPOOHUYMBA NPOOYKYIL (MONIOKA, ANOSUYUHU B8I0 BUOPAKYBAHOI Xy000u,
NPUPOCMY AHCUBOI MACU MBAPUH HA BUPOULYBAHHI, 8I0200i611), WO 81ACMUB] pAYIOHATbHIN
opzanizayii npoyecy.

3acmocoeano  cmeopeny  imimayitiHy —Mmooeib  GUPOOHUYMEA  NPOOYKYIi
CKOMAapcmea 6 Mexcax GU3HAYEeHUX napamempié NIONPUEMCME BeNUKOI BUPOOHUYOL
HOMYACHOCII — 3 YUCENbHICMIO N020ni8 s eenuxoi poeamoi xyooou 2500-3200 zonis,
(600-1000 ropis i3 npooykmuenicmio 7000-9000 ke na kopos8y i émicmom dHcupy MOLIOKA
3,8-4,1 %).

Busnaueno i nasedeno cmpykmypy enep2oémicmy npooykyii 3a udamu - MOJIOKO,
HCUBA MACA BUOPAKYBAHUX MBAPUH, NPUPICI XYO0OU, WO SUPOUYIOMbCS, OMPUMAHO20
NPUNNOOY 3 VPAXYBAHHAM eHepeoemMicmy eKcKkpemenmig i niocmuaku. J{oeedeno, ujo
HatOLIbUWa Yacmka 6 CMpYKmypi enepeosmicmy npooyKyii, npudamuoi 011 Xxapyy8aHus
Hanedcums enepeosmicmy eupobdnenoco monoka — 16,1-84,4 %., Biowocho yvoeo
HatoOibW 6NIUB0B020 HA KoeiyieHmu eHepeemuyHoi egekmusHocmi OCHOBHOI i
3a2anbHOI NPOOYKYIl YUHHUKA BU3HAYEHI (DYHKYIOHANbHI 3ANIedHCHOCMI eHepeo8Micmy
NPOOYKYII 8I0 HCUPY 6 MOTIOYT MA B3AEMO38 30K KoepiyieHmia enepeosmicmy npooykyii
i orcupy Mmonoka. Busnauenws piunux 3azanvHux 3ampam CYKYHHOI eHepeii Ha
BUPOOHUYMBO NPOOYKYIT CKOMAPCMEa NPOBEOeHO 3 YPAXy8AHHAM J02ICIMUYHOT CK1A0080T
MexXHOI02IYHO20 NPoyecy.

KuarouoBi cioBa: eHeproButpaTd, eHepreTuyHa eQEKTUBHICTb, MapameTpu
TEXHOJIOT11, MPOAYKTUBHICTb, SIKICTh POAYKIIIi.

Modern conditions for the functioning of various types of agricultural enterprises
require compliance with a clear algorithm for the functioning of all parts of the production
process mechanism (Gadzalo et al., 2016; Baschenko et al., 2017; Vedmedenko &
Kovalenko, 2020).
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At the present stage of development of the cattle breeding industry, an essential
point is to ensure optimal production indicators (live weight of young animals, average
daily increments, gross production, etc.), in the conditions of break — even production-
that is, its corresponding cost and sales price (Rudenko et al., 2008; Pankeev, 2022;
Pidpala, 2008; Ruban Y. & Ruban S., 2011).

With increasing capacity to the conditions of large-scale production (due to
increased productivity, territorial expansion or application of more effective
organizational or technological solutions) compliance with the laws of energy efficiency
formation of technological processes for the production of high-quality livestock products
in conditions of restriction of various types of resources becomes a determining element
of competitiveness and therefore clarification of the features of the formation of a system
of parameters and justification of standards of technological and technical solutions when
creating enterprises of this type is particularly important and relevant.

Previous studies of milk production technologies for small (with a population of
20-150 cows) and medium (350-450 cows) farms allowed us to justify a systematic
approach based on which an algorithm for calculating the main elements of energy
consumption of resources of such enterprises was created in the MS Excel environment
(Marchenko et al., 2020; Getmanets, 2012).. The implementation of a margin assessment
of various options for types of energy consumption within the established technical and
production parameters allowed us to quantify the coefficients of energy efficiency of
products suitable for nutrition and the coefficients of energy efficiency of total products
for cow productivity from 7000 kg to 9000 kg within each standard size, taking into
account the qualitative characteristic-milk fat. It is based on pilot projects of enterprises
developed on the basis of reasonable organizational and production parameters in
conditions of fixed high (8000 kg of milk per cow per year) productivity. It should be
noted that in the conditions of martial law and the deterioration of many social conditions
in rural areas and under the influence of actual climate changes, the assessment of the
effectiveness of technological solutions from an economic point of view becomes limited
because it does not take into account the component of energy efficiency of production
and especially taking into account the quality of raw materials or finished products.
Among the many technological solutions in the conditions of today, the creation and
maintenance of an efficient production structure is a difficult but relevant task at any
stage, since existing farms mostly do not sufficiently meet the requirements of the market
environment-they are moderately competitive in terms of technical equipment,
technological processes in production, and not always high — quality products.

Increasing the capacity of enterprises increases the negative pressure on the
environment and therefore it is very important to reduce the harmfulness of various types
of emissions, preserve soil fertility, which indirectly affect changes in climatic conditions.
At the same time, the management of these factors in the technological process as a whole
changes the energy efficiency of cattle production. (Rudenko et al., 2008; Rudenko et al.,
2017; Marchenko et al., 2020; Marchenko et al., 2023; Busenko, 2005).

Previous developments of milk production technologies for large-scale
enterprises (with a population of 1000 cows) made it possible to justify their
organizational, production and economic parameters under conditions of fixed high
productivity (8000 kg of milk per cow per year) (Getmanets, 2012; Baranovsky et al.,
2017).. Prior to this, consumption standards were defined separately and patterns of their
changes were established under conditions of different productivity of cows (from 4000
to 9000 kg of milk per year). Modern realities require rationalization of such solutions in
terms of energy efficiency of production, including taking into account the quality of raw
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materials or finished products (Rudenko et al., 2008; Marchenko et al., 2019; Marchenko
et al., 2023; Ibatullin et al., 2016)..

According to statistics, among 1,533 enterprises, only 275 (17.8% of the total
number) keep 1,000 or more heads of cattle, and their share in the total structure of the
cattle population reaches 61.9 %. Currently, among the total number of 1,440 enterprises
with a population of more than 1,000 cows, only 74 enterprises (5.1%), the same share
not only accounts for almost a third of the population — 30.3%, but is also characterized
by higher animal productivity (Tvarinnitstvo, 2023). However, not all technologies or
their individual elements used by such enterprises meet modern requirements and
therefore they need to be improved to improve (Kostenko et al., 2010; Kostenko, 2018).

At the same time, within the specified parameters of pilot projects or their
feasibility studies, it is impossible without establishing and taking into account the Basic
Laws of energy efficiency formation of technological processes of production to create
in practice in each specific case an energy-efficient, scientifically justified, innovatively
attractive technology for the production of products of the required quality (Rudenko et
al., 2008; Getmanets, 2012; DBN V. 2.2-1-95, 1995; Ibatullin et al., 2016; Bogdanov et
al., 2012). The conducted research is aimed at establishing exactly such regularities in the
formation of energy efficiency of technological processes for the production of high-
quality livestock products in the context of climate change. They take into account the
directions of savings by types of resources (including labor and material) and, as a result,
have a positive environmental impact.

Directions for further improvement and principles of building basic technological
processes in the production of cattle breeding products for large-scale enterprises are
determined using modeling and margin analysis methods. The regularities of the use of
energy resources are aimed at improving or more rational their use by Type (human,
material, land), respectively, taking into account the dependence of changes in product
quality (Merkurieva, 1980).

The object of the study was selected agricultural enterprises for the production of
high-capacity milk with a cow population of at least 500 heads.

The purpose of the research is to find out the specifics of forming a system of
parameters and standards of technological and technical solutions when creating large-
capacity enterprises

Materials and methods of research. According to various methods (economic-
statistical, economic-mathematical, expedition surveys, modeling, etc.) using the
methodology of bioenergy assessment of production technologies (Kulik et al., 1997), as
well as official reports, monitoring, analysis and generalization of the components of the
production process in the conditions of tethered and loose methods of keeping cattle were
carried out.

Research results. Systematization and generalization of technological and
technical solutions of large-capacity Enterprises made it possible to use reporting forms
No. 50 — SG, technological passports for the production of dairy cattle farms, which are
classified as large-scale enterprises by the volume of milk production (more than 40
thousand c/year) and the number of cows (more than 500 heads) - SE "DG "Artemida™
IC Naas of Ukraine", SE "DG Institute of Agriculture of the north-east of the Naas, SE
"DG "Gontareva" it Naas, as well as fragments of the agricultural holding "Astarta”. The
analysis of the livestock structure in Ukraine is made. which shows that over the past ten
years, the share of cows in all types of enterprises relative to the total number of cattle
has increased to 58.6% compared to 33.8% in 1990. (Astarta — 53.1%). (Marchenko,
2020; Tvarinnitstvo, 2023). The productivity of cows determined by the method of
grouping by types of enterprises allowed us to establish approximate volumes of milk
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production in gradations of different standard sizes, and the generalization of statistical
reporting data for the last three years showed that they are distributed according to the
number of cows and milk production as follows (table. 1).

Table 1
Grouping businesses by the number of cows

Dairy Cow COWSs gross milk yield
. Farms
Indicators thousand thousand
n % % %
heads tons

Dairy Cow Farms 1440 | 100,0 394,2 100,0 2606,1 100,0

including heads: up to: 50 | 403 | 28,0 8,3 2,1 30,8 1,2

50— 99 209 14,5 15,7 40 73,4 2,8
100 — 499 614 42,7 157,5 40,0 1005,9 38,6
500 — 999 140 9,7 93,1 23,6 612,3 23,5
more than 1000 74 51 119,6 30,3 883,7 33,9

So, large-scale enterprises, provided that their share of the total number is only
14.8%, have the potential of cows at the level of 212.7 thousand heads, which is 53.9%
of their total number of 394.2 thousand heads, and milk production — at the level of 1496
thousand tons or 57.4%.

It is established that in the farms that were included in the monitoring of the
development of a program for technological re-equipment of the dairy cattle industry of
state-owned enterprises of experimental farms of the Naas network, the milk productivity
of cows largely depends on the cow maintenance system and related technology features.
The share of cows that were kept using the advanced technology of loose keeping using
boxes and on deep bedding was 22%, and the rest of the livestock is kept on a leash.
Among large-scale enterprises, the distribution of cows by keeping systems with
innovative elements of technological solutions has new or reconstructed premises for
loose maintenance (box, deep bedding). this share increases to 28-30%. Productivity
ranges from 4852 kg to 7962 kg (at the moment there are more — 8100-8700 kg).

According to the generalized data, there is an advantage in the productivity of
cows in the case of using the system of loose keeping and milking in the milking parlor —
up to 1.2-1.4 times). Various milking technologies were analyzed — in stalls (milking
buckets) — 27 %, in stalls (milk pipeline) — 51 %, in the milking parlor-22% with milk
productivity of cows up to 6000 kg, from 6000 kg to 7000 kg and more than 7000 kg of
milk per cow, respectively. The use of additional technical means for the preparation and
distribution of feed makes it possible to use the feed mixture feeding system. The
distribution of cows by feeding Technologies was 70 % (separate ration by Feed type),
and 30 % (for the use of feed mixtures). The ratio correlates with the maintenance system,
but this type of feeding also depends more on the feed supply sector, under the conditions
of using the services of the feed Center (example of Astarta enterprises) and feeding
according to modern requirements of balancing the feed mixture (according to the
productivity of cows), the annual yield of different productive technological groups is at
the level of at least 7000 kg per cow with an interval of annual productivity of at least
1000 kg. An influential factor in the productivity of cows and their growth is the problem
with reproduction using any technology, as indicated by the significant variability in the
yield of calves per 100 cows-from 51 to 97%.
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Studies have shown that a separate element of the technological process is the
logistics component, which in the conditions of a large-scale enterprise requires
additional corresponding costs for its functioning. Transportation costs vary depending
on the distance of production facilities from each other, and also depend on the sales
channel of products. At the same time, such a structural unit has all the advantages within
the feed delivery shoulder (no more than 70 km) by providing better feeding of animals.
In the developed simulation model of enterprise technology variants, which will be
discussed below, all calculations of energy costs are carried out taking into account the
logistics component for the sale of products within the delivery shoulder of 50 km.

Thus, the generalization of data of agricultural producers of milk, including
information on the DP DG network of the National Academy of Sciences of Kharkiv and
other regions of Ukraine, allowed to substantiate the features of the formation of a system
of parameters and standards of technological and technical solutions in the creation of
enterprises of large production capacity, which showed the best results in milk
productivity in conditions of different technologies of maintenance, milking systems,
feeding cows, the intensity of young growth (Marchenko, 2020; Tvarinnitstvo, 2023).

Taking into account the high variability of cow productivity indicators in the first
approximation to the system of parameters and standards of technological and technical
solutions, three variants of the standard size were selected — 600, 800 and 1000 cows with
full herd turnover and uniform production of marketable products. Annual productivity
in the range of 7000-9000 kg of milk per cow. The marketability of milk is 94 %.

Under these conditions, the calculated volumes of feed supply within the average
annual number of cows (600-1000 heads) and their annual productivity (7000-9000
kg/head) make it possible to obtain an annual shaft of milk of 4200-9000 tons. Taking
into account its drinking to calves, the size of milk sales will be 3950-8460 tons.

Herd structure — cows-31.3 — 33.8 %); heifers-5.9 — 6.1 %, heifers older than one
year-13.8 — 17.7 %; heifers up to one year-17.6 — 18.1%; bitches older than one year-9.7
—9.9%, bitches up to one year—17.8-18.1%. Rejection and replacement of the main herd
— 20-25 % (actual cultivation of repair heifers), full turnover of the herd. The method of
keeping livestock is loose, using straw bedding. It provides for the cultivation and
fattening of bitches on the farm to a live weight of 430-450 kg (900 g of average daily
growth). The age of the first insemination of heifers with a live weight of 1 head is 380-
400 kg at 15-16 months. The average daily growth of heifers up to a year is at the level
of 760 g, older than a year — 800 g. the care of young animals is 4-6 %.

The calculations take into account the products in live weight from culled and
fattened livestock in accordance with the structure and turnover of the herd. The feed
supply of the cattle herd is based on a system of the same type of feeding with feed
mixtures.

Initial data for determining energy costs for the production of dairy cattle products
- costs for a cow with a plume: labor — 60-65 people.- H;, the average annual Head of
young animals — 18.0 people.- H., electricity-680-730 kWh. Energy equivalents of other
resources-according to certain or known reference values (Rudenko et al., 2008; Kulik,
1997).

According to the standard, to obtain milk yields of 7000-9000 kg of milk, it is
necessary to prepare 78-95 centners of feed units (89-110 GJ of exchange energy) per
cow per year. At the same time, the type of feeding of cows and young cattle is formed
in the direction of increasing the consumption of Grain Group feed in animal diets (50-
54%), and their use is only as compound feeds, which are full — fledged in composition,
provide a given productivity and meet the needs of the physiological state of cows and
other sex and age groups of young animals. In the composition of mixed feeds by weight,
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the share of grain accounts for no more than 80% and 20% are additives (annual standards
for harvesting and feed structures for different types of animals, depending on their
productivity in the zones of Ukraine: normative scientific and production manual, 2008).

Practical experience in the operation of cattle farms proves that the achievement
of design indicators of production and productivity of livestock, first of all, is limited by
the feed availability and usefulness of animal feeding. In this regard, in practice, there is
a need to review the traditional systems of production, harvesting and use of feed, when
the production of dairy cattle products should ensure full and uniform feeding of animals
throughout the year. It is necessary to take into account the effect of logistics factors of
mutual distance between individual links of the technological cycle: cultivation of forage
crops by type in crop rotations, places and volumes of storage facilities, as well as
resources for feed preparation and delivery of feed mixtures to animals. Thus, in feed
production: increasing feed supply, increasing the volume and increasing the efficiency
of cattle production contributes to: growing the highest-yielding forage crops; harvesting
them in the phases of maximum accumulation of nutrients; preparation of high-quality
silage, haylage, hay, which in combination with concentrates form the basis of diets of
cows and young animals throughout the year;

Calculations of technology variants made it possible to determine the energy
efficiency of cattle production of regulated quality in the conditions of large-capacity
enterprises within the parameters of technological solutions. Options are considered for
enterprises with an average annual number of cattle of 2500-3200 heads. Annual total
energy costs for production (milk, growth, Live weight) are set under conditions of
varying annual productivity of cows from 7000 to 9000 kg/head.

According to the structure within the standard size of 600 cows (7000-9000
kg/head), the total total energy costs are as follows: 8.3-7.8 % — for herd reproduction,
1.8-1.6 % — from fixed assets of production, 3.7-3.4 % — from working capital without
feed and bedding. The total energy of direct and indirect labor costs is 2.3 — 2.0 %, the
total energy converted in feed and litter is 83.9-85.2 %. It was found that for 600 cows
with a plume with an increase in productivity from 7000 kg/head to 9000 kg/head. (by
28.6 %) total total energy costs for production increase by only 11.8 % — from 240387 GJ
to 268915 GJ (or from 445 GJ to 498 GJ per cow).

According to the structure within the standard size of 800 cows, the total total
energy costs are as follows: 8.4-7.8 % — for herd reproduction, 1.6-1.4 % — from fixed
assets of production, 3.7-3.3 % — from working capital without feed and bedding. The
total energy of direct and indirect labor costs is 1.8 — 1.6 %, the total energy converted in
feed and litter is 84.5-85.9 %. With an increase in productivity in this case, the total and
specific costs of total energy for production increase by 11.8% from 327960 GJ to 366764
GJ (or from 444 GJ to 497 GJ per cow).

According to the structure, within the standard size of 1000 cows, the total total
energy costs are as follows: 8.5-7.9 % — for herd reproduction, 1.3-1.2 % — from fixed
assets of production, 3.7-3.3 % — from working capital without feed and bedding. The
total energy of direct and indirect labor costs is 1.3 — 1.2 %, the total energy converted in
feed and litter is 85.2-86.4 %. For 1,000 cows with a plume with an increase in
productivity by the same 28.6%, the total total energy consumption for production
increases by 11.9% from 411,807 GJ to 460,886 GJ (or from 440 GJ to 490 GJ per cow).

It is established that the energy content of products produced within reasonable
technological parameters and directly suitable for consumption with an increase in
productivity from 7000 kg to 9000 kg increases from 15248 GJ to 18563 GJ for 600 cows
and from 24889 GJ to 30635 GJ for 1000 cows or by 22-23 %. The largest share in the
structure of the energy content of such products is occupied by the energy content of
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produced milk 76.1-84.4% in accordance with productivity, which becomes a
determining factor, both the coefficient of energy efficiency of products suitable for
nutrition and the total product (table. 2).

Table 2
Structure of energy content of products by type, %
. Cow productivity, kg / year

Energy Content, GJ: 2000 8000 9000
obtained milk (with a fat content of 3.8 %) 76,1-80,8 | 78,4-82,8 | 80,4-84,4
live weight of culled animals 10.0 9,0 8,2
received for the year of offspring 0.7-0,8 0,7 0.6
weight gain of farmed animals 13,2-8,4 11,9-75 | 10,8-6,8
food-friendly products 100 100 100

Created in the MS Excel environment, the calculation algorithm, which uses a set
of initial conditions for the feasibility study of a large production capacity enterprise such
as the turnover and structure of the herd, productivity by gender and age groups, costs by
the structure of feed, material and other types of resources, etc., allowed us to conduct a
margin analysis by types of energy consumption within the selected variants of technical
and production parameters and determine the dependence of changes in the energy
efficiency of production, taking into account the energy content of milk and its primary
quality characteristics — Giroud (Merkurieva, 1980).

For productivity from 7000 kg to 9000 kg per cow per year with an interval of
growth of fat content in milk by 0.1% from 3.8% to 4.2 % (the content corresponds to the
regulated quality of natural milk), it was determined that the coefficient of energy
efficiency of products suitable for nutrition improves from 5.65-6.93% to 5.87-7.14 %
(600 cows) and from 5.39-6.62% to 5.62-6.91 %(1000 cows). The energy efficiency
coefficient of total products increases from 26.1-27.1% to 26.4-27.4 % (600 cows) and
from 26.2-27.1% to 26.4-27.4% (1000 cows), respectively. Thus, it is proved that both
coefficients improve in the case of an increase in productivity and fat content of milk
(improvement in quality according to this indicator), which generally gives a positive
result within the studied gradations of parameters. Patterns of changes reflect graphical
dependencies in figures 1-6.

600 cows
7,5 y=0,0718x + 6,7837
7 y =0,0641x + 6,2033
6,5
6 y =0,056x + 5,5899
5,5
5
3,8 3,9 4 4,1 4,2
7000 8000 9000 Kr/ron.

Fig. 1 Dependence of the energy efficiency coefficient of products suitable for
nutrition on the fat content in milk and productivity of cows.
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800 cows

7,5 y=0,0723x + 6,6656
7

y =0,0645x + 6,08
6,5

6 y=0,0564x+5,4609
5,5
5

3,8 3,9 4 4,1 4,2

s 7000 s 3000 s 9000 Kr/ros.

Fig. 2. Dependence of the energy efficiency coefficient of products suitable
for nutrition on the fat content in milk and productivity of cows.

1000 cows
7,5 v =0,0728x + 6,5475
7
65 Y = 0,065x + 5,9566
6 y =0,0567x + 5,3319
5,5
5
3,8 3,9 4 4,1 42
e 7000 e 8000 e 9000 Kr/rOS.

Fig. 3. Dependence of the energy efficiency coefficient of products suitable
for nutrition on the fat content in milk and productivity of cows.

600 cows
27,5 y=0,0718x + 26,993
27 y =0,0641x + 26,526
26,5 y=0,056x+26,082
26
3,8 3,9 4 4,1 4,2
7000 e 3000 e 9000 Kr/ros.

Fig. 4. Dependence of the energy efficiency coefficient of total production on
the fat content in milk and productivity of cows.
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800 cows
27,5 y=0,0723x + 27,019
27 y = 0,0645x + 26,546
26,5 y =0,0564x + 26,092
26
3,8 3,9 4 4,1 4,2
s 7000 s 8000 9000 kr/ron.

Fig. 5. Dependence of the energy efficiency coefficient of total production on
the fat content in milk and productivity of cows.

1000 cows
27,5 y=0,0728x+ 27,045
27 y =0,065x + 26,566
26,5 y=0,0567x+ 26,102
26
3,8 3,9 4 4,1 4,2
s 7000 s 8000 9000 Kr/ron.

Fig. 6. Dependence of the energy efficiency coefficient of total production on
the fat content in milk and productivity of cows.

Under the same conditions, namely, for productivity from 7000 kg to 9000 kg per
cow per year with an interval of growth of fat content in milk by 0.1% from 3.8% to 4.2%,
regularities of changes in the energy content of products suitable for nutrition and the
energy content of all products, taking into account the combined one, are established. The
patterns of changes are shown in figures 7-12.

600 cows

20 y =0,1944x + 18,369
19
18 y=0,1728x + 16,733
17
16 y =0,1512x + 15,097
15

3,8 3,9 4 4,1 4,2

e 7000 e 8000 9000 kr/ron.

Fig. 7. Dependence of the energy content of products suitable for nutrition
(thousand GJ) on the fat content in milk and productivity of cows.
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800 cows
y =0,2657x + 24,334
25
y =0,2362x + 22,098
23
21 y =0,2066x + 19,862
19
3,8 3,9 4 4,1 4,2
s 7000 s 3000 s 9000 Kr/ros.

Fig. 8. Dependence of the energy content of products suitable for nutrition
(thousand GJ) on the fat content in milk and productivity of cows.

1000 cows
34 y=0,337x + 30,298
32
30 y =0,2995x + 27,463
28
y =0,2621x + 24,627

26
24

3,8 3,9 4 4,1 4,2

e 7000 e 8000 e 9000 Kr/FO.

Fig. 9. Dependence of the energy content of products suitable for nutrition
(thousand GJ) on the fat content in milk and productivity of cows.

600 cows

75 y = 0,1944x + 73,092
74
73 y =0,1728x + 71,552
72 y =0,1512x + 70,44
71
70

3,8 3,9 4 4,1 4,2

7000 e 3000 e 9000 Kr/ros.

Fig. 10. Dependence of the energy content of all products, taking into account
conjugate (thousand GJ), on the fat content in milk and cow productivity.
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800 cows
101 y =0,2657x + 99,121
99 y=0,2362x+ 97,017
97 y=0,2066x + 95,498
95
3,8 3,9 4 4,1 4,2
e 7000 8000 9000 Kr/ron.

Fig. 11. Dependence of the energy content of all products, taking into account
conjugate (thousand GJ), on the fat content in milk and cow productivity.

1000 cows
128 y=0,337x+ 125,15
126
y =0,2995x + 122,48

124
122 y=0,2621x + 120,56
120

3,8 3,9 4 4,1 4,2

e 7000 8000 9000 Kr/ron.

Fig. 12. Dependence of the energy content of all products, taking into account
conjugate (thousand GJ), on the fat content in milk and cow productivity.

These dependencies confirm the opinion that regardless of the fat content in milk,
with an increase in productivity, both the energy content of products suitable for nutrition
and the energy content of all products increase. At the same time, both an increase in the
number of cows and their productivity affects the growth of absolute indicators. The result
of productivity growth for every 1000 kg of milk is an increase in this energy content by
1658-1744 GJ (600 cows) , 2266-2384 GJ (800 cows), 2873-3023 GJ (1000 cows) or
within 5.2% in accordance with the quality of milk in terms of fat content. The increase
in the energy content of all products from increasing the productivity of cows (600 heads)
from 7000 kg to 8000 kg is 1134-1220 GJ (7.6 %), from 8000 kg to 9000 kg — 1561-1648
GJ (5.6 %).

For 800 cows, there is an increase of 1548-1666 GJ (7.6 %) and 2134-2252 GJ
(5.5%), for 1000 cows, the trend continues — 1962-2112 GJ (7.6 %) and 2706-2856 GJ
(5.4%), respectively.

The dependences of changes in the energy content of products suitable for
nutrition and the energy content of all products on the fat content of milk are shown in
Tables 3 and 4.
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Table 3

Relationship between the energy content of food-friendly products (Y), % from
milk fat content (X), %

Milk fat number of cows, heads
content
(X), % 600 800 1000
3,8 y =1,6577x + 13,59 y =2,2654x + 17,803 |y =2,8732x + 22,016
3,9 y =1,6793x + 13,720 y = 2,295x + 17,980 y =2,9106x + 22,241
4,0 y =1,7009x + 13,849 y =2,3245x + 18,157 |y =2,948x + 22,465
4,1 y =1,7225x + 13,979 y =2,354x + 18,334 y = 2,9855x + 22,69
4,2 y=1,7441x + 14,108 y =2,3835x + 18,511 |y =3,0229x + 22,915
Table 4
Relationship of energy content of all products (Y), %
from milk fat content (X), %
Milk fat number of cows, heads
content
(X), % 600 800 1000
3,8 y=1,3475x + 69,172 | y=1,8408x + 93,767 | y=2,3341x + 118,36
3,9 y=1,3691x + 69,302 | y=1,8703x +93,944 | y=23716x + 118,59
4,0 y=1,3907x + 69,431 | y=1,8998x + 94,121 y =2,409x + 118,81
4,1 y=1,4123x + 69,561 | y=1,9294x +94,298 | y=2,4464x + 119,03
4,2 y=1,4339x + 69,691 | y=1,9589x +94,475 | y=2,4839x + 119,26

The dependences of changes in the coefficients of energy efficiency of products

suitable for nutrition and total products, respectively, the qualitative characteristics of
milk in the dynamics of productivity growth of cows (7000-9000 kg/head) within the
standard sizes of enterprises (600: 800 and 1000 cows) are illustrated in Tables 5 and 6.

Table 5

Relationship between the energy efficiency ratio of food-friendly products
(Y),%, and milk fat (X), %

Milk fat number of cows, heads

content

(X), % 600 800 1000
3,8 y = 0,6048x +5,0467 |y =0,6103x +4,9126 |y =0,6158x +4,7786
3.9 y =0,6127x +5,0948 |y=0,6183x +4,9611 |y =0,6238x + 4,8274
4,0 y = 0,6206x + 5,1429 |y =0,6262x +5,0095 |y =0,6319x +4,8761
41 y=0,6285x +5,1911 |y =0,6342x + 5,058 |y =0,6399x + 4,9249
4,2 y = 0,6364x +5,2392 |y =0,6422x +5,1064 |y =0,6479x + 4,9737
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Table 6

Relationship between the energy efficiency ratio of total production (Y),%,
and milk fat (X), %

Milk fat Number of cows, heads

content

(X), % 600 800 1000
3.8 y = 0,4634x + 25,671 | y = 0,4715x + 25,674 | y = 0,4797x + 25,676
3,9 y =0,4713x + 25,719 | y = 0,4795x + 25,722 | y = 0,4877x + 25,725
4,0 y =0,4792x + 25,767 | y = 0,4875x + 25,771 | y = 0,4958x + 25,774
4.1 y =0,4871x + 25,816 | y = 0,4954x + 25,819 | y = 0,5038x + 25,823
4,2 y =0,495x + 25,864 | y=0,5034x + 25,868 | y =0,5119x + 25,871

Thus, calculations indicate that both an increase in productivity and an
improvement in milk quality have a positive effect on the energy efficiency of production
in relative terms. The substantiated dependencies and established regularities make it
possible to practically quantify the efficiency of costs from an energy point of view in the
conditions of various technologies for the production of cattle products.

Discussion. In today's difficult conditions of limited various types of resources,
their effective use for the production of cattle products, and especially in large-scale
enterprises with an extensive network of technological elements, becomes of great
importance. Many scientists-researchers and practitioners agree with the relevance of this
complex problem today. In this sense, the materials of our research are aimed at revealing
and deepening options for solving a number of complex problems of rational energy use.
The purpose of the work coincides with general challenges caused by complications of
production processes, such as a reduction in total production for various reasons,
unfavorable climatic conditions, martial law. In the context of these policies, it should be
added that ensuring the necessary production indicators in the conditions of break-even
production from an economic point of view is aimed at achieving the corresponding cost
of production in the conditions of actual sales prices, and this, in turn, in the strategic
perspective does not fully (indirectly) describe the characteristics of energy costs of
resources. In these circumstances, it is more adequate, in our opinion, to apply energy
assessment with the ability to determine and predict resource requirements through
natural indicators of parameters and standards of the created or existing production
technology.

Our analysis and numerous studies have confirmed the facts that existing
technologies do not always meet the requirements of our time, and the quality of milk or
raw materials needs to be improved to a level that ensures high competitiveness.

Monitoring and generalization of technological and technical solutions of
enterprises of large production capacity allowed to analyze the systems of keeping
animals, the relationship of the degree of technical support for the production process of
milk production, to establish inhibitory or contributing factors of influence, to create a
simulation model, to determine the initial parameters. Within the specified parameters of
the complex multi-factor simulation model of a large-scale enterprise, calculations are
made and regularities of energy efficiency formation are established, which are illustrated
by the presented materials.

The substantiated dependencies and established regularities make it possible,
taking into account the qualitative characteristics of products, to form the main
technological elements of the cattle production system within the parameters of
enterprises of the standard size of 600-1000 cows with full herd turnover. Modeling of
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production using equations of dependence of its energy content on qualitative
characteristics makes it possible to quantify the energy component of individual
technological processes of production by types of resources and take the necessary
measures to improve it.

Conclusions:

1. Monitoring and analysis of technological and technical solutions of enterprises
of large production capacity, which showed the best results in terms of milk productivity
in the conditions of various technologies of keeping, milking systems, feeding cows, the
intensity of rearing young animals allowed to justify the initial parameters and standards
of technological solutions and on this basis to assess the energy consumption and energy
efficiency of cattle production.

2. In the system of parameters of the created complex simulation models, the
dependencies of energy consumption formation on the main elements of resource support
for the technological process of cattle production within the limits of changes in
gradations of quantitative and qualitative characteristics — enterprise capacity, animal
productivity, milk fat content-are justified.

3. The tools of simulation models and certain relationships allow you to directly
simulate technological conditions, evaluate not only the quantitative energy component
in accordance with each type of resources spent, but also, according to their availability,
in fact, form the most energy-efficient technological process for the production of cattle
products or improve it,
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EFFECTIVE STRATEGY FOR CONTROLLING THE NUMBER
OF ECTOPARASITIC MITES VARROA DESTRUCTOR ON
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Apis meliffera (honey bee) is one of the economically valuable species,
representatives of the Class Insecta. The biggest threat to the bee Apis mellifera remains
the ectoparasitic mite Varroa destructor, which causes many health problems, the
consequences of which can lead to the collapse of families. The influence of the parasite
on swimming may be due to the susceptibility of honeybees to infectious diseases due to
their relative proximity and high frequency of social interactions within their family.
However, other factors, including environmental conditions related to the parasite’s life
cycle, as well as the life expectancy and intensity of mite development, can increase its
negative impact. Scientists ' observations include increased acaricide resistance in the
Varroa population and lower treatment thresholds, suggesting that ticks or pathogens
they can transmit to bees are becoming increasingly virulent. Weak families with a high
prevalence of infestations contribute to the dispersal of ticks and the transmission of
diseases in stronger and healthier nests. Harmful effects of parasitization V. destructor
and the effects of acaricides on bee colonies have prompted beekeepers to look for
sustainable approaches to tick control. To achieve this goal, individual beekeepers sought
to breed V. destructor-resistant honeybees using different selection criteria.

The social behavior of insects has led beekeepers to address their intra-specific
and interspecific relationships, focusing on internal behavior to reduce the spread of
mites. on honeybees. The efforts of many scientists to find means and measures that will
help reduce the extent of infestations and control ticks at a safe level for bees were
discussed.

Current scientific directions for studying the social behavior of insects and the
use of individual signs of bee behavior in the fight against this parasite are outlined.

Keywords: Varroa mite, bees, acaricides, behavioral reactions
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E®EKTUBHA CTPATETISI KOHTPOJIIOBAHHS
YUCEJBLHOCTI EKTOMAPA3ZUTAPHOTO KJIIIIIA VARROA
DESTRUCTOR HA MEJOHOCHHUX BJIKOJIAX APIS
MELLIFERA L. 1758 3A 3ACTOCYBAHHS KOMILIEKCHOT'O
MIIXO1Y
(OI'JISIIOBA)

Ipuna MACJIIHN, k. BeT. H., CT. H. CHiBp.,
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Incruryr TBapunnuurea HAAH, XapkiB, Ykpaina

Apis meliffera (60sxcona medoHocHa) € 0OHUM 3 20CNOOAPCHLKO YIHHUX BUOIB,
npedocmasHukie kaacy Insecta. Haiibinbuioro 3aepo30t0 0isi MeOOHOCHOI 60conu Apis
mellifera 3anuwaemovcs ekmonapazumuynull Kuiw Varroa destructor, axuil 6UKIuKae
Oe3niy npobiem 3i 300p08’ M, HACTIOKU He BUPTULEHHS AKUX MOJICE NPU3BECTU 00 KOJIANCY
civen. Bniue naugy, AKUll UYUHUMb  NAPA3UM  MOdce Oymu  00YMOGIeHUll
CHPULHAMAUBICIIO MEOOHOCHUX DOXNCINL 00 THEKYILIHUX 3aX80PIO8AHb Uepe3 iX GIOHOCHY
OU3LKICMb | BUCOKY YACMOMY COYIANbHUX 83AEMOOil 8 medxcax ix cim’i. OOHak iHwii
YUHHUKU, BKIIOYHO YMOBU OOBKINIA, NOGA3AHI 3 HCUMMESUM YUKIOM napasumd, d
MAKONAC MPUBATICINb HCUMMS MA IHMEHCUBHICMb PO3BUMKY KILiUd, MO*CYMb 30L1bUUUMU
tioeco HecamueHy Oito. Cnocmepedxicents HaAyKosyie 8KII0YaA0ms Ni0BUWEHHs CIIKOCMI
0o axapuyudis y nonynayii Vappoa ma 3HudicenHs nopoz2ie 06poOKU, Wo c8i0YUmMb NpPo
me, wo Kiiwi abo namoeenu, wo 60HU 30amHi nepedagamu OONCOIAM CIAOMb 8ce OLIbLU
sipyrenmuumu. Cnabxi cim’i 3 BUCOKOIO eKCMEHCUBHICMb  IHBA3Il  CRpUsioms
PO3CIIOBAHHIO KAIWi6 | nepedasanHio Xxeopob y cuibHiwi i 300posiwi eHizoax. 32youi
Hacnioku napasumyeauts V. destructor ma enaue axapuyudie Ha 0024COMUHI Ccim'T
CNOHYKAIU O0HCONAPI6 00 NOWLYKY CMIUKUX NIOX00i8 Ol KOHMPONIO HAO Kuiwem. [[ns
00csi2Hen s yiel memu okpemi 60x4conapi npazHyiu possecmu cmiukux oo V. destructor
MeOOHOCHUX DOHCIN, BUKOPUCTOBYIOYU PI3HI Kpumepii 6i000py.

CoyianvHa nosediHKa KOMAX CApAMY8ANA Y8a2y 00HCONAPI8 36ePHYMUC 00 iX
BHYMPIUHbOChEYUDIUHUX mMa  MIdHCCNeYU@DIuHUX BIOHOCUH, pOOAAYU aAKYeHmM HaA
BHYMPIWHIL NOBeOIHYI, W00 3MEeHWUMU NOUWUPEHHs KIiud. HA MeOOHOCHUX OOJiC.
Obeosopeno 3ycunis 6azamvox 64eHUxX wooo NOWYKYy 3aco0ie i 3axodie, sKi
CRPpUAMUMYMb 3HUNCEHHIO eKCMEHCUBHOCMI IH8A3II ma KOHMPOIo Kliwa Ha Oe3neuHomy
0151 00HCIN PiGHI.

Okpecnieno akmyanvHi HAYKO8i HANPAMU OOCNIONCEHHs COYIaNbHOI NOBediHKU
KOMAx ma BUKOPUCMAHHA OKPeMUX O3HAK NOBEOIHKU O00xCil Yy 6Oopomwvbi 3 yum
napazumom.

Kurouosi cioBa: kiing Varroa, 6/1xonu, akapulua, MOBEAIHKOBI peakiii

The honey bee, Apis mellifera, plays an important role in modern agriculture. In
addition to honey production, insects provide critical ecosystem services, primarily
pollination, for a wide range of valuable crops. However, over the past half-century,
honeybees have experienced increased stress, which has led to a constant increase in the
mortality rate of bee colonies in the world. The factors behind this increased mortality
have not yet been fully elucidated. Changes in land use, cultivation and agricultural
methods; new pesticides and their larger applications; more intensive beekeeping; exotic
parasites and the spread and growth of honeybee pathogens have been suggested as the
main factors contributing to their mortality.
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The decline in insect numbers seen in previous years has prompted increased
awareness and efforts to maintain their survival and the vital role they play in stabilizing
the ecological balance of various ecosystems.

Numerous reviews have been published covering the biology of the Varroa mite,
social immunity A. mellifera, history of acaricide use and control, literature on the
effectiveness of various treatments available to control mites in honey bee families
(Cremer, S. et al., 2007; Mondet, F. et al., 2014; Traynor, K.S. et al., 2020).

Thus, this review focused on:

- study of the harmful effects of Varroa mites on European honeybees;

- justification of modern means, methods and methods of mite control and their
limitations;

- identifying opportunities for more sustainable methods of controlling
ectoparasites.

The aim of the study is to assess the biological significance of the Varroa mite in
the life of bees, to determine its role as the main factor of increased mortality of bee
colonies in the world, as well as to outline promising areas for further scientific research
aimed at effectively combating invasion and minimizing harmful effects on bee health.

Materials and methods. The methodological tools included both general
scientific methods-logical analysis and synthesis, classification and systematization,
generalization, and special ones — problem-chronological and source-scientific and
terminological analyses, as well as analysis of literature sources, which was carried out
in the form of a systematic review study by searching publications in the databases
Scopus, Web of Science, Google Scholar, etc. The review included works in English
published mainly in recent years in accordance with certain criteria. The systematization
of available scientific data was carried out in order to generalize modern knowledge about
existing measures for the treatment of varroasis, effective and safe medicines, which can
become the basis for the formation of research methodology in this direction in the
conditions of Ukraine, taking into account international experience.

Research results. Scientists and beekeepers are developing approaches to
controlling the spread of the mite V. destructor, because despite substantial evidence of
the need for tick control, no effective solution has been found (Dietemann et al., 2012
Wagoner et al., 2020).

Much attention has been paid to the evolutionary biology of V. destructor and the
interaction between the host and parasite. It is known that the tick feeds mainly on the fat
body, as well as on the hemolymph of honeybees (Ramsey et al., 2019) during the
transmission of viral, bacterial and fungal pathogens that affect and lead to the collapse
of many commercially managed apiaries, and the immune system A. mellifera is
constantly weakening due to pathogens. The evolutionary trend of V. destructor shows a
successful transition from its main host (A. cerana) to the current host (A. mellifera). It is
considered that A. cerana has developed host defense mechanisms against mites (Techer
etal., 2019).

The history of V. destructor can be traced back to 1904, when V. jacobsoni was
first described in honey bee families A. cerana on the island of Java, and later spread to
other parts of the world (Traynor et al., 2020). Until 2000, many scientists and beekeepers
believed that V. jacobsoni was a mite that contributed to the death of honey bee colonies.
In the same year, 2000, taxonomic work and the first microsatellites discovered
previously unknown Varroa species and found out that V. destructor is able to reproduce
on A. mellifera is also to blame for the deaths of the latter. Before Anderson and Truman
described the morphological features of tick V. Destructor (2000).
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Today, the mite's feeding habit is on the fat bodies and hemolymph of honey bees
and the reproductive period of V. destructor in bee colonies undoubtedly remains the main
threat to A. mellifera (Han, B. et al., 2024). The distribution of V. destructor is shown in
detail in Figure 1.
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Fig. 1. World distribution of V. Destructor. Based on CABI materials. Center
for Agriculture and Bioscience International. 2024. Available online: https: /www.
cabidigitallibrary.org/doi/10.1079/cabicompendium.107784 (accessed on 9 June
2024).

Evidence suggests that the host change of V. destructor took about (50-100) years
and became almost Global in mite distribution. In Australia, the first case of V. destructor
was reported in June 2022 in the port of Newcastle as part of the implementation of the
National Varroa Mite Management Program.

Rapid, widespread spread of the parasite was carried out through drift, possibly
moving to new colonies, when healthy bees used (known as stealing) a resource from
unhealthy ones, while strengthening weak families by adding brood from strong ones,
transporting from one apiary to another without careful mite testing (Cremer, S. et al.,
2007; Mondet, F. et al. 2014; Traynor, K.S. et al. 2020; Peck, D.T. et al., 2019).

The Behavioral Ecology and adaptability of V. destructor to its host in various
climatic conditions has been complex and difficult to understand. However, several
studies have described their physiology, ecology, reproduction, and host-parasite
interactions. Adult females are reddish-brown or dark brown, with an oval shape about
(1-1.77) mm long and (1.5-1.99) mm wide; meanwhile,adult males are yellowish, with a
spherical body shape (0.75-0.98) mm long and (0.70-0.88) mm wide (Nazzi, F et al.,
.2016). The tick's reproductive cycle begins with oviposition and ends by the adult stage.
Their life cycle includes two phases: reproductive, where adult fertile females, once they
are in the cells with the brood, produce young and feed on the fat body of bee larvae and
pupae, while damaging the tissues of individuals at the stage when they do not feed, while
before sealing the brood, The Tick pierces the cuticle, creating a place for feeding. The
reproductive success of V. destructor depends on their eating habits and the length of the
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formation period at different stages of bee development. Need the V. destructor in egg-
laying energy requires it to extract more nutrients from the host's body, which leads to
poorer conditions for adult bees (Li et al., 2019).

In this regard, the development of Natural Methods for controlling ticks through
behavioral traits (stable response patterns) of honeybees is a topic for researchers. This is
due to the fact that natural methods have shown a more stable and safe effect on insects
than the use of synthetic or organic chemicals. The results of the study indicate the
effectiveness of behavioral properties associated with the immunity of honeybees, and
the potential of the latter in the fight against V. destructor. One of these traits — hygienic
behavior — in insects originated as a social immune trait that can reduce exposure to V. in
addition, this behavior of honeybees is stimulated not only by colonies affected by V.
destructor (Aumeier et al., 2001), but also those affected by pathogens of other diseases
(virosis, mycosis, bacteriosis) (Schoning et al., 2012). The predominant threats that
contribute to family loss are brood diseases (Seitz, N. et al., 2015; Lee, K.V. et al., 2015).
Among all these factors, the parasitic mite V. destructor is the central threat (Traynor et
al., 2020). Recently, the behavior of honeybees in relation to affected V. destructor colony
and their ability to remove diseased individuals are of interest to beekeepers for selecting
resistant families. The results of a study of the behavior of honeybees in caring for them
and their protective behavior in previous years revealed mechanisms of resistance against
mites. However, the manifestation of insect behavioral traits can be influenced by many
biological and environmental factors. Therefore, the proportion of damaged mites in
bottom debris in nests can be used to determine the success of bees in caring for normal
field conditions. Studies have shown that seven ticks selected for grooming showed
significantly more damaged mites and lower damage rates after several generations of
selection. The reliability of honeybee grooming behavior in selecting resistant families
against V. destructor is poorly understood (Wagoner et al., 2020). Scientists have
suggested that combining their natural immune behavior can be used as an approach to
combat the effects of tick damage. Another new feature of bee colonies against V.
destructor is their ability to slow down the reproduction of mites, which depends on the
level of damage (Bubnic et al., 2024). As a result, slow growth of the tick population can
be considered the main characteristic of V. destructor-resistant colonies. The authors also
noted that keeping Queens in cages and the technique of traps using honeycombs
associated with oxalic acid treatment can be considered effective treatment strategies.
This approach proved to be more effective because the number of mites collected from
Bee colonies that survived infection V. destructor (VSB), was much lower than in the
control group (Mondet et al., 2020). The researchers also demonstrated that families
selected for behavioral traits against V. destructor had significantly more damaged ticks
and lower rates of invasion prevalence than those not selected for behavioral traits.
Despite the introduction of many approaches to controlling the spread of mites, no
effective measures to protect the health of honeybees have been fully implemented.

Many studies have focused on the biology of V. destructor and the history of
acaricides used to control ticks (Roth, et al., 2020; Deguine et al., 2021). However,
knowledge about the effects of combining the natural behavioral traits of bee colonies
that are immune to ticks and the use of acaricides is negligible.

The response of honeybees to V. destructor is oriented on their behavior related
to the immune system, which is considered hereditary. This ability can be altered by some
environmental factors depending on the environment. Although environmental
pollutants, poor beekeeping practices, climate change, and food stress can reduce bee
populations, V. destructor remains the leading cause of bee loss (Oddie et al., 2018;
Biichler et al. 2020).
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Since A. cerana has acquired resistance to V. destructor, and it is believed that
regardless of the degree of parasite damage to their current host, A. mellifera, individual
subpopulations are still stable. It is important to note that the immune responses of
honeybees associated with V. destructor are due to their social behavior, which is
considered anti-pathogenic and can suppress deadly pathogens caused by mites.

It is believed that the survival of honey bee colonies in V. destructor damage is
associated with natural tolerance, which can interfere with the mite's reproductive
development and reduce the infectious load (Mondet et al., 2020). However, it is unclear
exactly which tolerance factor reduces its number in untreated families. Hypotheses
related to the immune system are questionable. It is likely that scientists will have to study
each phenomenon separately.

Despite substantial knowledge of the biology of the Varroa mite (Locke 2016,
Noél et al., 2020) beekeepers are still experiencing difficulties in the process of applying
specific strategies to effectively manage it. It is noteworthy that various measures have
been proposed to control the parasite — from zootechnical to organic and chemical. Some
of the reported control measures include the following: physical removal of the mite (Noél
et al., 2012), the hygienic behavior of bees (Noél et al., 2020) and chemical treatments
(Roth et al., 2020; Deguine et al., 2021). The main organic methods of tick control are
described in the literature. Instead of directly destroying the parasite using chemical
methods, organic methods aim to limit the rapid reproduction of mites in the bee nest or
remove them mechanically.

One of the measures is a temporary cessation of brood cultivation. Biology of the
Varroa mite suggests that the female stays in a sealed cell with the pupa for 12 days and
5 days on a bee until she enters the next cell before sealing. The breeding cycle of the tick
in this way is 17 days. Therefore, the ratio of mites on bees and brood in the nest should
be approximately as follows: 30% on bees and 70% in the brood. In reality, the ratio is:
10% in bees and 90% in brood. This is because bees intensively destroy all mites that are
not in sealed cells. It can be assumed that during the active period, when there is no brood,
bees can more actively destroy the mite. However, mites cause more damage to bees when
they can't enter the brood. Therefore, the cessation of brood cultivation cannot be
prolonged. In order for all mites to leave the brood, the temporary cessation of its presence
should not exceed 21 days, when the last sealed brood will appear. A situation is created
when all the mites that were in the brood will pass to bees. At this time, you can apply a
combined approach and treat bees with medicines, when their use in the absence of brood
will be most effective. A common disadvantage of such methods is that the fruitless
period weakens the strength of the family so much that under certain conditions it can die
altogether (Ellis et al., 2019; Gornich M., 2024).

Another method that is proposed to be used to control varroasis involves the use
of wax with reduced cells. At the beginning of using this method, the results of using wax
with a reduced cell were encouraging. However, scientific studies have not shown the
effectiveness of this approach. However, data analysis shows that wax with a reduced cell
can still be an effective measure against Varroa. It is believed that on a wax with a reduced
cell, the development at the pupal stage of the bee can go faster. The Varroa mite, which
IS very sensitive to such changes, may not have time to finish development, as a result,
the reproduction of the parasite will be disrupted. Another hypothesis suggests that in
smaller cells, the pupa is placed more tightly, and this makes it difficult for the tick to
move in the cell and feed on it.

Another group of Varroa control methods involves mechanically removing mites
from the nest by using drone wax and then removing the drone brood. On its natural host,
the eastern bee A. cerana, the Varroa mite breeds exclusively on drone brood, since the
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development cycle of the eastern Bee is shorter and the mite does not have time to breed
offspring. In families A. mellifera the parasite reproduces on both drone and Bee brood,
but prefers drone, in which the pupa is larger and its development cycle is longer, which
helps to provide the mite with sufficient food for nutrition and time for reproduction. If a
drone wax is placed in the bee nest at the time of the appearance of the drone brood, and
after sealing it, the brood is removed along with mites, this can prevent an outbreak of an
increase in the population of the latter. The disadvantages of this method are obvious:
when removing it, it is not always possible to separate the drone brood from the bee brood;
bees spend too much food resources on raising drones on drone wax, the presence of
which during the swarm period is simply necessary to saturate the area for reliable mating
of Queens.

Another approach to mechanical tick removal involves the use of powdered sugar,
talcum powder, starch or flour. The mechanism of countering the tick during such an
operation is as follows. If the powder gets on the mite's feet, they disrupt the ability of the
suckers and hold on to the bee, it falls to the bottom of the hive, from where it is removed
by the bees. Another consequence is that bees sprinkled with powder are intensively
engaged in self-cleaning (grooming), removing powder and mites from themselves at the
same time. This approach can be effective, especially in combination with interrupting
brood cultivation and the presence of a sealed bottom in the hive. The obvious
disadvantages of the method are that 90% of the mite is in the brood, so in order for
topping to be effective, it must be constantly repeated every 5 days. Also, these powders
have a negative effect on eggs, open brood and unripe honey.

The next method is to use a sealed bottom, the essence of which is as follows:
ticks that live in the bee nest can lose contact with the bee and fall down the Hive, and
then switch back to the bees. If the bottom is bounded by a grid with a Cell (3 x 3) mm,
then bees cannot touch it. Shedding mites cannot re-pass to bees. The use of a grid can
help reduce the tick population in the nest, but this method cannot be used independently
in mite control. However, it is effective in the diagnosis of varroasis.

The next approach is hyperthermia, or the thermal method, which is based on the
fact that ticks are more sensitive to high temperatures than bees. Comfortable for the mite
is the temperature close to +33°C, and for bees — + 36°C. Therefore, the mite prefers the
periphery of the nest for its reproduction, where the temperature can be lower. Only after
the appearance of varroasis was the method of mite control used using thermal chambers
— the bees were shaken into a special cassette, then placed in a container where the
temperature (+46 — 48)°C was maintained for a certain time for 12-15 minutes. Mites in
such conditions died, and bees survived. The method was time-consuming and complex,
but quite effective. Over time, it turned out that prolonged use of the method can lead to
the appearance of heat-resistant mites, because the method ceases to be effective.

Another approach is the separation of colonies, which consists in creating a
sufficient number of new ones to replace those who died. There are ways to create new
families with a small extent of invasion. These are swarms and infertile nuclei (layers). If
you create a new family only from flying bees, then for at least two years such a family
can have a low extent of invasion, and be productive. But such a strategy can be quite
risky. However, when a part of the apiary dies from varroasis, only division can restore
the number of bee colonies. (Gornich M., 2024).

Environmentally friendly methods are actively used due to the resistance of V.
destructor to mild acaricides (thymol, formic and oxalic acids) and the deadly effects of
aggressive acaricides (amitraz, fluvalinate and flumethrin) on honeybees (Jack et al.,
2021) although mechanical methods (physical removal of ticks, etc.) are less harmful to
insects, they have many limitations, in particular: increased labor for beekeepers,
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sensitivity to fluctuations in ambient temperature, and minimal differences between lethal
concentrations for mites and honeybees (Noél et al., 2020).

Organic methods of controlling V. destructor based on behavioral traits associated
with the immune system have been actively used. The most important area of such work
is the breeding of lines and populations of bees that are resistant to varroasis.
Varroaresistance is the suppression of the reproduction of a mite by bees or the
coexistence of bees with a tick so that it does not cause noticeable damage to the latter.
The basis of such breeding is the genetics of bees. The goal of such breeding work should
be to keep the extent of the invasion constantly low and not increase.

Some of these measures have little proven effectiveness, and they can be harmful
to bees. Thus, Rosenkranz et al. (2010) reported that the use of aggressive chemicals
(acaricides) to reduce V. destructor populations is only temporarily effective precisely
because of the emergence of rapidly developing resistant tick individuals. Also Warner
et al. (2024) reported the use of thymol, oxalic and formic acids, beta-acids, formamidine,
and fluvalinate to control the spread of V. destructor was not resistant due to the
appearance of resistance in ticks to active substances and the risk to the health of
honeybees with an increase in their concentration. The use of chemicals to control the
spread of V. destructor has shown that the use of synthetic, organic and inorganic
chemicals in low doses may be safer for bees. However, their effectiveness is still
unknown due to the lack of experimental evidence (Warner et al., 2024). Another study
demonstrated that physical tick removal is limited to increasing labor for beekeepers. The
ineffectiveness of chemical control measures and the lack of desire to physically remove
mites did not leave an opportunity for pest control.

Attempts to create bees that can inhibit the development of the mite or co-exist
with it have partially yielded satisfactory results. In particular, mite-resistant bee lines
have been bred in the United States. These are the so-called bees with Varroa sensitive
hygienic behavior (VSH-bees), the essence of which is that bees sense the presence of a
tick in cells with sealed brood, open such cells and remove pupae infected with the mite
along with the parasite. In this case, the mite's reproductive cycle is interrupted and it
dies, even if it remains in the nest. If the cell was printed by mistake, the bees do not
remove the pupa, but re-seal it. This behavior of bees is known as re-printing the brood.

There are families where bees are intensively engaged in grooming (cleaning their
bodies from mites). At the same time, they bite (do not sting!) mites, separate their legs
or damage their shell. Such mites can no longer parasitize bees and are removed from the
nest. To assess how effective this behavior of bees is, you need a sealed or sticky bottom
of the hive to assess the scree of ticks for two days. Then the crumbling mites need to be
examined under a microscope and identify the number of crippled ones. If more than a
third (35%) of the crumbled ticks are damaged, then such a family can be considered
varroaresistant. The beekeeper has two options for breeding resistant to Varroa mites
bees: write out queens of certified lines or breed such insects yourself.

Breeding varroaresistant bees gives the beekeeper an additional advantage: in this
way, he gets rid of the threat of bee damage by a number of other pathogens of bacterial,
viral and fungal diseases. Breeding resistant to Varroa mites bees is not an easy task,
since the mating system of queens creates risks of losing the varroaresistance trait in
subsequent generations of queens. But in the process of breeding bees resistant to ticks,
there were also disadvantages. It turns out that parasite-resistant bees in one area, once
transported to another, may cease to be so. For example, queens bred in Hawaii, when
introduced to continental America, no longer showed signs of resistance. That is, the sign
of varroaresistness is most fully manifested in the local population of bees and ticks. It is
also difficult to breed such bees in one, separate apiary. The work can give a positive
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result when breeding is performed for all bee colonies of the local population
(Gornich M., 2024).

Mechanical and organic methods remain reliable, environmentally friendly and
sustainable. Undoubtedly, immune-related behavioral traits of honeybees can provide
resistance to mites. Therefore, to limit the spread of the parasite, beekeepers should
choose genetically resistant bee colonies created without human intervention. Beekeepers
have adopted cultural methods related to the social immunity of honey bees to combat the
effects of mite parasitism (Jack et al., 2021; Mondet et al., 2020). For example, some
owners of industrial apiaries choose Bee seeds that are resistant to V. destructor based on
their active hygiene behavior (ability to remove dead brood, identify and remove brood
affected by Varroa, grooming), (Traynor et al. 2020; Noél et al., 2020; Warner et al.,
2024). The population dynamics of V. destructor and honeybees show the importance of
a break from brood to adult bees. A large time lag in the development of adult bees can
disrupt population dynamics and contribute to family death. In this case, a shorter time
interval from brood to adult bees will prevent the development of V. destructor, and seven
s I'll stay strong and healthy. It is also important to note that the Varroa mite can die due
to seasonal changes (Messan, K., et al., 2020).

Although beekeepers and scientists have developed and tested V. destructor
control chemicals, they are still not reliable. Chemical controls based on thymol, oxalic
and formic acids, formamidine and fluvalinate are not stable. For example, several
researchers have reported high mortality in honeybees when using solid acaricides
(amitraz, fluvalinate, and flumethrin), even at the recommended doses (Kayode et al.,
2014). Although bee mortality is also affected by the outside temperature (below +9 °C),
significantly higher mortality of adult bees can be attributed to the methods of using the
drug. For example, when using the seepage method, a higher mortality rate of adult bees
was recorded than the evaporation method (Coffey et al., 2016). Since mites transmit
infectious pathogens, beekeepers believe that the use of chemicals may be the most
effective control measure. Mild acaricides (thymol, oxalic and formic acids) are known
to be less toxic to adult bees. After long-term evaluation of mild chemicals, they were
found to be ineffective due to the rapid development of tick resistance (Truong et al.,
2022). However, the rejection of formic, oxalic acids, amitraz, fluvalinate, and other
acaricides that control V. destructor, especially in summer, does not negate their use and
effectiveness (Wu et al., 2024)

Due to the risks associated with synthetic chemical treatments, beekeepers are
rapidly shifting their focus to organic chemicals with proven acaricidal efficacy
characteristics. Control of V. destructor is difficult due to its resistance to widely used
acaricides and the lack of recommended methods. However, research continues.
Integrating multiple pest control tools and techniques can produce better results than a
single strategy (Cremer et al., 2007, Evans et al., 2011).

Sociality in honeybees allowed them to gain properties of social immunity against
their enemies, including kminiem Varroa. The succession of V. destructor-related immune
traits prompted beekeepers to evaluate and maintain families with persistent behavioral
traits. One of these behavioral signs of honeybees is hygienic behavior.

Many animals exhibit hygienic behavior for a specific purpose. In honeybees, this
ability consists of keeping the nest clean, removing dead or diseased brood from the cells,
and removing unwanted particles from the body. The hygienic behavior of honeybees
was described in the 1930s, when researchers discovered that resistant colonies against
American foulbrood rot (AFB) removed diseased larvae (Spivak et al., 2009). After this
period, the study of the hygienic behavior of honeybees became much more active. The
researchers described hygienic behavior and provided evidence that AFB resistance is the
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ability to detect and remove diseased brood before the pathogen reaches the infectious
stage of diseased larvae. This reaction of bees is considered common and applicable to
all honey families. More recent studies have shown that adult bees from some colonies
removed ascospherosis-infected larvae from their cells within 24 hours, and this made
them resistant to the disease (Danka et al., 2013).

Hygiene responses in bee colonies can be complex and sometimes difficult to
understand or analyze. The two most important methods, freezing or pinning, are
commonly used in analyses to determine the hygienic behavior of honey bee colonies.
Similarly, hygienic behavior was used to evaluate honey bee families for resistance to V.
destructor. Thus, removal of mite-infested brood and removal of frozen larvae are
positively correlated (r = 0.74). However, Danka et al. (2013) reported a weak correlation.
Further research suggested that the variation may be related to individual hygiene
behavior in relation to a particular pathogen, rather than just general hygiene. This
behavioral specificity led to another form of hygienic behavior known as VSH, whose
evolution in honeybees contributed to the selection of resistant insects against
V. destructor.

Discussion. Discussions among scientists have led to questions such as “what
method or strategy can be an effective measure to control V. destructor?”. Summarizing
the above, we can distinguish four possible ways to deal with a mite Varroa:

* Practice safe seven-pit management (good beekeeping practice). In all apiaries,
management is a fundamental strategy for successful beekeeping. Management tools and
practices are complex because they depend on both individuals and the environment.
However, some special rules are implemented in most apiaries. Good management
practices at different times of the year are crucial for controlling honeybee ectoparasites.
For example, family productivity can be improved by using poor management techniques
that can delay V. destructor reproduction during spring and summer. It is important to
understand the biology of V. destructor and assess the level of damage each season of the
year to ensure the effectiveness of treatment and prevent possible negative effects of
chemical therapy on bees. Therefore, it is necessary to implement a strategic management
plan for V. destructor and distribute it to beekeepers and scientists. Resolving this
situation is not a personal matter for the beekeeper. Rather, it is a daily struggle to limit
the spread of the parasite to the entire beekeeping community. In addition to these
highlights, key management practices were highlighted to prevent high levels of
V. destructor damage in seven honeybees at the beginning of the honey harvest season
(Rudenko E. V. et al., 2022 Giacobino, A., et al., 2016). The main strategy is to ensure
that beekeepers check and report all possible pathologies in families in a timely manner,
and apply appropriate control measures to maintain an indicator of the extent of invasion
V. destructor is below 2%.

* One possible way to preserve the immune properties of honeybees is through
selective breeding. The complexity of the" mating " behavior of insects and the
difficulties that arise when choosing breeding sites have made it difficult for beekeepers
to preserve breeding lines for many generations. For this purpose, suitable breeding sites
are proposed to support the genetic resources of honeybees. Recently, Akongte et al.
(2024) demonstrated the ability to breed and maintain honey bee families at isolated
mating stations.

* To successfully control the parasite, it is necessary to combine several
approaches to increase the effectiveness of each of them. As for V. destructor, breeding
of resistant bee lines is developing rapidly, but chemical treatments should not be
forgotten. The ideal situation is to combine stable bee colonies with the recommended
mild chemical treatment (thymol and oxalic acid). This can weaken V. destructor and
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improve the effectiveness of families in slowing down tick reproduction. It is also
recommended to apply a mild chemical treatment at an early stage of the honey collection
season after selecting resistant strains before the mites multiply rapidly. Mild chemical
treatment is expected to interfere with V. destructor fertility and create conditions under
which resistant honeybee strains can completely neutralize the rest of the population.

Conclusions. Despite the variety of available alternatives for managing the
amount of V. destructor in bee colonies, a better solution has not yet been made. Based
on basic and Applied Research, control measures using mild chemicals (oxalic acid and
fluvalinate) were developed and proposed. Today, the combination of zootechnical,
mechanical, organic and chemical measures to control the extent of varroasis invasion
has confirmed the importance of adopting comprehensive approaches. Researchers
should take into account data on geographical location, ecology, damage rates, health
impacts of honeybees, and existing management strategies. As a result, organic methods
based on the genetic selection of honeybees with immune traits to V. destructor and high
heredity can be reliable.
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The article presents the results of research aimed at increasing productive traits
in fine-fleeced sheep breeding through the use of interbreeding. The aim of the work was
to establish the effectiveness of using ram charolais sheep in crossing with ewe of the
ascanian fine-fleeced breed of the Tauride type to improve the level of meat productivity
and quality of lamb.

In the course of the research, a comparative analysis of the growth and
development of young animals was carried out based on the determination of live weight,
growth coefficients, absolute and average daily increments in purebred and local peers
of different gender and age groups.

It was found that local young animals (F1) outnumbered purebred peers by live
weight by 18.8-40.3% at weaning and 16.9-17.6% at 12 months of age. and it was
characterized by higher growth rates and uniform development of the musculoskeletal
system.

Local young animals (F1) are characterized by higher growth rates at weaning by
6.98-8.8%, at 12 months the difference is 4.2-7.6%. according to the average daily
growth rates, there is a difference in the range of 20.8 -21.8% at weaning, followed by a
decrease to the age of one year, depending on gender..

The intensity of growth and development of young animals can be determined by
appropriate indices. Indices of formation intensity, stress and growth uniformity are
higher in local young animals

The manifestation of the heterosis effect led to an increase in assimilative activity,
which contributed to a more intense accumulation of muscle tissue and the formation of
more pronounced meat forms. Balanced feeding and optimal conditions of keeping
ensured the realization of the genetic potential of growth and development of crossbreeds,
as indicated by the results obtained.

It is proved that the use of ram charole sheep on ascanian fine-fleeced ewe is an
effective biotechnological technique that allows obtaining highly productive young meat
and wool without compromising the quality of wool raw materials.

The research results confirm the feasibility of introducing systematic
interbreeding in the conditions of the Dnieper region to increase the profitability of
production and competitiveness of the sheep breeding industry in Ukraine.

Keywords. Ascanian fine-fleeced breed (As), Fi, local young animals, live
weight, growth coefficient. growth intensity indices.
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Y cmammi nagedeno pezyrvmamu 00CnioxHceHb, CNPAMOBAHUX HA NIOBUWYEHHS
NPOOYKMUBHUX ~ O3HAK V  MOHKOPYHHOMY  6i84apcmei  WLIAXOM — 3ACMOCY8AHHS
MIHCNOPOOHO20 cXpewyeanus. Memoio pobomu 0y10 6CMAaHO8NIEeHHs epekmusHocmi
BUKOpUCMAHHA 06apaHie NOpoou wapoie y CXpewy8awHi 3 MAMKAMU ACKAHIUCHKOL
MOHKOPYHHOI  NOpOOU  MABPIliCbKo20 Muny Oas NOKPAWEeHHS DIBHA M SCHOI
NPOOYKMUBHOCMI MA AKOCMI OAPAHUHU.

Y x00i 0Oocnidocenv nposedeHo NOPIBHANbHUL AHANI3 pOCMY Ma pPO36UMK)
MOJIOOHAKY HA OCHO8I 6CIMAHOGIEHHS JHCUBOI MacuU, Koepiyienmis pocmy, abcortomHux i
CcepeoHb0000068UX NPUPOCMIB ) YUCMONOPOOHUX MA NOMICHUX OOHONIMKI6 DIZHUX
CMamegosiKosuUx cpyn.

Bcmanosneno, wo nomicnuu monoouax (Fi) nepesasicas uucmonopoonux
00HONIMKIG 3a JHcugor macorw Ha Ha 18.8-40.3% npu gionyuenni ma 16.9—17.6 % y 12-
MICAYHOMY  GIYI.Ma XApaKmepu3y8ascs GUWUMU MeMNaMu pOoCmy ma pPIBHOMIDHUM
PO3BUMKOM CKeLeMHO-M "A3080i cucmemu.

Homicnuti monoounsik (F1) xapaxmepu3syromocs suwumu Koeiyicumamu pocmy
npu eionyuenni Ha 0.98-8.8%, B 12 wmicayie pisnuys cmanosums 4.2-7.6% 3a
NOKA3HUKAMU CepeOHbO00008UX NPUPOCMIE chocmepicacmbcs pishuys 6 mexcax 20.8 -
21.8% npu 6ionyuenHi 3 noOANLUUM 3HUNCEHHAM 00 PIUHO20 GIKY 8 3ANeNHCHOCMI 8i0
cmami..

Iumencugnicmes pocmy i po36UMKY MOJIOOHAKY MONCHA BUZHAYAMNU 8I0NOBIOHUMU
inoexcamu. IHoexcu inmencusnocmi opmyeanus, Hanpyeu ma piGHOMIPHOCMI poCmy
suwe y NOMICHO20 MOJLOOHAKY

IIposie eghpexmy cemeposucy 3ymo8ué nioGuuieHHs aCUMIIAMUSHOI aKMUBHOCHII,
Wo Cnpusio IHMEHCUBHIUOMY HAKONUYEeHHIO M 30801 MKAHUHU Ma (hopMY8anHIO Oilbu
supascenux m’sacuux ¢opm. 3oanrancosana 200i6ns U ONMUMALbHI YMOBU VIMPUMAHHS
3abe3neyunu peanizayilo 2eHemuyH020 NOMEeHYIALy pocmy i po36UmKy nomiceil Ha ujo
BKA3YIOMb OMPUMAHT pe3yTbmamu.

Hosedeno, wo euxkopucmanus Oapauie nopoou wapose Had ACKAHIUCLKUX
MOHKOPYHHUX MAMKAX € eQeKkmusHum OI0MexHON0IUHUM NPULLOMOM, KU 00380JIAE
OMPUMYBAMU ~ BUCOKONPOOYKMUBHUU ~ MONOOHAK M SICO-608HO6020 HANPAMY  0Oe3
NO2IpULeHHsL AKOCMI 608HOB0I CUPOBUHUL.

Pezynomamu  docnidoceny  niomeepodicyroms  OOYiNbHICMb  YNPOBAONCEHHS
CUCTNEMHO20 MINHCNOPOOHO20 cxpeuwlysanus 8 ymosax lIpuoninpoecvkozco peciony 074
NIOBUWEHHs PEeHMAbeNbHOCMI GUPOOHUYMBA MA KOHKYPEHMOCHPOMONCHOCHI 2aNY3i
sisuapcmea Ykpainu.

KarwuoBi cmoBa. Ackaniiicbka TOoHKOpyHHa mopona (AC), Fi, momicHmid
MOJIOJIHSK, )KMBa Maca, KOe(ili€HT POCTY. 1HAEKCH IHTEHCUBHOCTI POCTY.
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Introduction. At all stages of society's development, the main thing is to provide
the population with high-quality and complete food products. This problem can be solved
only by increasing the production of all types of livestock products. A significant place
in this is occupied by purposeful breeding work, taking into account its methods and
techniques that are focused on improving the breeding and productive qualities of animals
(Poshil, V. 1. et al., 2021; Maksym, V et al. 2022).

As an integral part of agro-industrial production in Ukraine, sheep farming
remains one of the least intensive industries, the development of which is based mainly
on the use of cheap natural pastures and coarse feed with minimal involvement of
concentrates. Traditionally, separate zones of specialization have been formed on the
territory of the country, differing in the direction of sheep productivity: fine-fleeced,
semi-fine-fleeced, semi-coarse-wool and coarse-wool. This division is determined by the
climatic, feed and economic conditions of each region (Binkevich, V. Ya., & Yatsenko,
I. V., 2015; Ibatullin, I. I. et al., 2014; Pokhyl, V. I., & Mykolajchuk, L. P., 2020).

Different agroecological zones are dominated by local breeds and intra-breed
types of sheep, which for a long time were formed under the influence of natural selection
and adapted to specific living conditions. Such animal populations remain genetically
stable until new requirements for the level of productivity or economic factors determine
the needs of society for improving production efficiency (lbattulin, M., & Svinous, N.,
2022).

Using various breeding methods, new types of animals are created that, in
accordance with specific agroecological conditions of feeding and keeping, are able to
produce competitive high-quality and cheap products. Only under the conditions of
scientifically based introduction of new farming methods and breeding approaches is it
possible to improve and increase or change the direction of productivity. (Hovhannisyan,
V.S, 2018).

Taking into account current trends in the development of World sheep breeding,
there is an increase in the economic share of lamb and mutton in the structure of the
industry's products. In most countries, revenue from meat sales accounts for more than
90% of the total cost of sheep products, while the share of wool does not exceed 10 %.
This leads to a reorientation of production in the direction of meat and meat-wool
directions.. At the same time, the share of lamb in the meat balance of the industry is
growing, since the population's demand for it is higher than for Lamb obtained from older
sheep (Pokhil, V. I. et al., 2021; Owens, F. N. et al., 1993).

According to economic indicators, the most appropriate areas of productive use
of sheep in Ukraine are meat and meat-wool, which provide an optimal ratio between the
quality of wool and live weight gain. At the same time, increasing the production of lamb
and mutton is a way to contribute to the economic activity of the region, ensuring its food
security, support sheep farmers, while preserving the environment in this regard,
increasing the meat productivity of various breeds, including fine — fleeced ones,
characterized by less intensive growth, is one of the priority tasks in breeding work
(lovenko, V. M., & Nezhlukchenko, N. V., 2017; Yefremov, D. V., & Svistula, M. M.,
2021).

Improvement of the productive characteristics of domestic sheep breeds of various
production directions, especially meat, is carried out by attracting the best global gene
pool in this direction. The purpose of its use is to increase the level of meat content in
animals of local populations, form a meat type of body structure, and improve its
technological qualities (AL-Jaryan, I. L. et al., 2023; Yakovchuk, V. S, &
Gorlova, O. D., 2017).
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Sheep productivity indicators are important signs for the profitability of any sheep
farming, and an increase in their level can be achieved through many methods, such as
increasing the percentage of lambs, increasing their weight at weaning, higher quality or
more efficient use of feed resources (Alves, A. G. C. et al., 2018; Zharuk, P. G., &
Atanovskaya-Maslyuk, O. 1., 2021).

One of the ways to increase the level of sheep productivity is to introduce a
crossbreeding system and use the desired characteristics of two or three breeds. The
combination of these features improves the maternal or terminal characteristics of the
breed, which is improved by the heterosis effect, also known as hybrid energy
(strength).(Slavkova, O. P., & Kovaleva, O. M., 2017; Turinsky, V. M. et al., 2020; Behan
etal., 2021).

The most effective tool for targeted changes is the use of interbreeding of local
sheep with "improving™ breeds. This measure helps to increase the level of productivity
of native livestock to the indicators of highly productive breeds or create new types of
animals that combine the desired properties of the original forms (Sheridan, R. et al.,
2003; Zaruba, K. V., & Drozd, S. L., 2018).

The size of an adult is usually considered as the point of maximum muscle mass
at which the process of increasing the level of fat deposition begins, and animal growth
is defined as an increase in body weight achieved by hypertrophy and hyperplasia to
mature size, accompanied by changes in body conformation (Owens et al., 1993,
lovenko, V. M., & Gladiy I. A., 2021).

Although genotype is one of the main factors in assessing the growth and
development potential of lambs, its rate can vary under the influence of environmental
and feeding factors (Suprun, I. O. et al., 2021).

Heterosis, or hybrid energy, is defined as the increased productivity of the
offspring obtained as a result of crossing, compared to the average of the parent forms.
Lambs tend to be more resilient at birth, have higher retention rates, and often grow faster.
In addition, repair livestock reaches sexual maturity earlier and is more productive. This
is especially important for producers who want to breed terminal lambs. All received
young animals of the current year of birth are sold (Boyko, N. V. et al., 2022;
Herman, Yu. I., & Herman, A. 1., 2019).

There are different models of using crossbreeding in sheep breeding. But the
practice of interbreeding sheep also has its own regional characteristics. Industrial
crossing is a generally recognized effective method for obtaining animals that are
genetically and morphologically adapted to a specific complex of ecological and
economic conditions. Crossbreeds often have better indicators of viability, growth and
productivity compared to purebred animals, especially when moving the latter to other
agroecological zones. At the same time, the effectiveness and directions of crossing
depend on many factors, including the level of development of the sheep breeding
industry itself in a particular region, its resource feed base and breeding policy
(Kitaeva, A., & Novichkova, A., 2022; Banks, R., 2022).

Depending on the zonal breeding conditions, the choice of breeds for crossing
should be based on scientifically based criteria for the combined ability of the initial
genotypes, ensuring further achievement of maximum productivity while maintaining
adaptive qualities.

The practice of research in sheep breeding indicates that increasing the
profitability of the industry can be directly related to the implementation of programs
aimed at increasing the meat productivity of sheep by crossing Queens with producers of
intensive meat breeds (Zytvun,l. A. et al., 2018).
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During interbreeding, in order to obtain certain desired meat characteristics in
crossbreeds, some breeds of sheep are intensively used.. Suffolk, Hampshire, Charolais,
Dorper, Southdown and Texel are known for their intensive growth and development, as
well as excellent meat characteristics of the carcass. They are generally called Terminal
rocks (Yakovchuk, V. S., & Stolbunenko, S. G., 2021; Pokhil V. I. et al., 2022).

The Dnieper region is traditionally dominated by fine-fleeced sheep breeding,
which is represented by the ascanian fine-fleeced breed of combined wool and meat
productivity. This breed has historically been the basis for the production of merino wool
in most farms of the steppe and forest-steppe zones of Ukraine. However, despite its high
wool qualities, the level of intensity of morphophysiological processes associated with
meat productivity remains insufficient for modern requirements for animal productivity.
This, in turn, leads to a gradual reduction in the number of merino-type sheep in farms of
various forms of ownership. (Kravchuk, V. et al., 2020; Pokhil V. 1. et al., 2021;
Bolormaa, S. et al., 2017).

Given this, the actual direction of scientific research is to improve the ascanian
fine-fleeced breed by improving its meat qualities without compromising wool
productivity. Such studies are conducted on the basis of the Dnipro state agrarian and
economic University, where breeding approaches aimed at combining high meat fattening
capacity with traditionally good wool quality are developed and tested. The
implementation of this direction is important both for restoring the competitiveness of the
sheep industry and for increasing its profitability in a market economy.

The aim of the research was to establish the effectiveness of interbreeding ewe of
ascanian fine-fleeced sheep and ram charolais sheep producers and to assess the influence
of the genotype on the intensity of growth and development of young animals. This area
of research has not only an industrial, but also a significant scientific perspective.

Research material and methodology. 100 sheep of the ewe ascanian fine-fleeced
breed were selected for research. Sheep were similar in origin, and in groups by age in
lambs, live weight were in the same conditions of keeping and feeding. Artificial
insemination was performed with sperm with an activity of at least 8 points with their
concentration in the ejaculate at the level of 1.9 billion. in 1 ml. and the volume of sperm
dose is 0.12 — 0.15 ML.

The object of research was young animals of experimental groups: Group | —
purebred ascanian merinos (As), n=20; Il — crossbreeds (F1), n=20.

The study of the growth and development of young animals on the basis of
comparative analysis was carried out during key periods of postnatal ontogenesis by
periodic individual weighing of animals for 12 months. At the same time, all experimental
animals were kept in the same conditions that met the requirements for sheep of this area
of productivity. Feeding was carried out according to typical diets, balanced in basic
nutrients in accordance with the age and physiological state of the animals.

The relative increase was estimated by the formula proposed by Mayonnaise and
improved by S. Brody

—_Wi-Wo | )
= SEor e 100 1)
where B is the relative increment, %;

Wi-final live weight, kg;

Wo-initial live weight, kg;

t-Period, days.
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In order to select criteria for evaluating the growth patterns of young sheep in
early ontogenesis, indicators of the intensity of formation were determined according to
the method of Yu. K. Svechin using the formula

_ W, W W,
At = 0,5-(Wo+W,)  0,5-(Wy+Ws) (2)

where At is the intensity of animal formation;

W2, W4, and W are live weight at 2, 4, and 6 months of age, respectively.

Indicators of growth stress (I,,) and uniformity index (I,-) were studied according
to the method of V. P. Kovalenko et al. (Kovalenko, V. P., & Nezhlukchenko, T. I., 2008).

At
I =5 SP 3)

1
[, =—"SP 4)

where VP is the relative increment, %;

SP-average daily growth, G.

Biometric data processing was performed using MS Excel software using
statistical functions.

Research results. The animal's body is an integral biological system that
undergoes a consistent chain of quantitative and qualitative changes in the process of
growth and development.

In modern scientific practice, considerable attention is paid to the study of the
regularities of these processes under the influence of hereditary factors, conditions of
maintenance and the level of feeding. A comprehensive study of such factors makes it
possible to carry out early diagnostics of potential productivity, select animals with high
reproductive and reproductive qualities, and predict the level of the main breeding
characteristics in the livestock.

Postembryonic development of the body is characterized by uneven growth rate
of individual tissues and organs in different age periods, as well as constant changes in
their morphofunctional ratios. The genetically determined growth program undergoes
certain adjustments under the influence of environmental factors, in particular the level
of feeding, microclimate and conditions of maintenance.

The productivity potential, which is due to hereditary factors, can be realized only
under favorable growing conditions. The influence of paratypical factors during the
period of active growth and development of young animals can either stimulate the
formation of a highly productive type of animals, or, conversely, inhibit the realization of
their hereditary potential.

One of the most informative criteria for assessing growth and development is live
weight and the nature of its changes in animals of different gender and age groups. It is
this indicator that integrally reflects the intensity of Morphoforming processes that occur
in the body at different rates depending on the physiological state. Variations in live
weight, in turn, reflect the efficiency of metabolic processes and the ability of the animal
to accumulate muscle tissue.

As part of the work, the regularities of growth and development of young sheep
of different gender and age groups of the ascanian fine-fleeced breed and crossbreeds of
the first generation (F1) obtained from crossing ewe sheep (As) with sheep-producers of
the fertile ram charolais breed were studied. This made it possible to make a comparative
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assessment of growth rates, developmental energy, and the influence of genotype on live
mass formation.

Table 1
Dynamics of live weight of experimental ram
Genotype
Age, month As F1
x+Sx growth rate x+Sx growth rate

At birth 4,3+0,11 4,7+0,13

1 9,9+0,61 2,23 12,1+0,35 2,57

2 15,8+0,45 3,67 18,9+1,14 4,02

3 20,1540,65 4,68 24,7+1,25 5,25

4 24,9+0,84 5,79 29,6+1,67 6,30

6 31,6+1,12 7,35 37,9+1,45 8,06

8 37,8+1,71 8,79 44,8+2,15 9,53

12 47,7+£2,14 11,09 56,1+2,65 11,94

The results of studies indicate that the live weight of ram ascanian fine-fleeced
Lambs is significantly lower compared to local peers for all age periods of development.
At birth, there is an advantage of local young animals — the difference is 9.3%, (p<0.05)
due to the influence of genetic factors of the charolais meat breed.

In the future, the intensity of accumulation of live mass increases more
pronounced in cross sheep, which is confirmed by a significant difference in the range of
17.6-22.6%, depending on age. , (p<0.05)

An expert assessment of young animals at 12 months of age revealed a 17.6%
preference for crossbreeds by live weight (p<0.05) relative to purebred peers. This result
reflects the increased activity of assimilative processes associated with an increase in live
weight. This pattern indicates a pronounced effect of heterosis, which manifests itself
during interbreeding.

Local young animals are characterized by increased growth energy and large body
measurements, which indicates the harmonious development of the musculoskeletal
system. In such animals, there is a more intense and proportional formation of muscle
tissue, so that meat forms are more clearly expressed.

To assess the uniformity of development of lambs of experimental groups, the
growth coefficient was used, which is an informative indicator of the intensity of growth
processes in different age periods and allows you to objectively control the growth rate
and the effectiveness of compliance with technological requirements during the
cultivation of young animals, which is of great practical importance for improving
feeding and breeding methods

Analysis of the dynamics of changes in the growth coefficient Indicator shows
that in all age periods of postnatal ontogenesis, a stable dominance of local young animals
with the participation of the charole breed over purebred peers of the ascanian fine-fleeced
one was observed. By the age of one month, local young animals in this indicator
predominate purebred peers by 15.2%, followed by a decrease in the level to 7.6% at the
age of 12 months. This indicates a more intensive course of metabolic processes in
crossbreeds, which are directly related to the formation of live weight and the overall
growth rate of the body. Consequently, the genetic combination of a meat breed with a
fine-fleeced one leads to an improvement in metabolic parameters, which is reflected in
the increased growth energy of animals.
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Full-fledged reproduction of the herd and stable functioning of sheep farms is
possible only if there is a high-quality repair reproductive livestock that can ensure the
restoration of a productive resource. During interbreeding, there are noticeable
differences in the exterior profile of crossbreeds of different age and gender groups. These
differences are due to the increased live weight of crossbreeds, which is explained by the
heterozygosity of their genotype and more efficient implementation of the hereditary
growth potential.

The revealed phenotypic differences between the experimental animals are also
due to the manifestation of sexual dimorphism, which manifests itself in more
pronounced growth parameters of males and differences in the rate of muscle mass
accumulation between the Sexes. This confirms that the genetic combination of different
breeds contributes to an increase in the variability of morphological traits, while
maintaining the general tendency to improve the level of live weight and subsequent meat
productivity.

Based on the results of a study of the dynamics of live weight of experimental
yarochki (table. 2) it was found that the use of interbreeding in order to improve meat
qualities made it possible to maintain a stable difference in live weight between local and
purebred animals in the range of 16.9-22.5%, depending on age. This indicates a positive
influence of hereditary factors of producers of improving meat-type breeds on the growth
rate and development of young animals obtained from crossing.

The dominance of local ravines over purebred peers was also observed by the
growth coefficient, which indicates their higher physiological activity and better intensity
of live mass accumulation. The level of preference for this indicator is in the range of
9.25% by the age of 30 days (p<0.05). In the future, there is a gradual decline to 4.2% at
the annual age. The increased growth rate of local ravines leads to the production of more
developed reproductive young animals, which are characterized by a harmonious body
structure, balanced measurements and favorable phenotypic characteristics that will be
taken into account when forming flocks for further reproduction.

So, summarizing the results obtained, it can be argued that under the same
conditions of keeping and feeding, local young animals significantly predominate over
purebred peers in terms of the main growth indicators throughout the entire growing
period. This confirms the expediency of using interbreeding as an effective tool for
increasing the meat productivity of fine-fleeced sheep without significant loss of wool
characteristics.

Table 2
Dynamics of live weight of experimental yarochki
Genotype
Age, month AS F1
x+Sx growth rate x+Sx growth rate
At birth 4,1+0,16 4,6+0.14
1 9,3+0,46 2,27 11,4+0,44 2,48
2 14,8+0,65 3,61 18,1+1,29 3,93
3 19,1+£0,95 4,66 23,2+1,65 5,04
4 23,5+1,25 5,73 28,2+1,72 6,13
6 29,4+1,35 7,17 34,6+1,91 7,52
8 34,8+1,92 8,49 41,2+2.35 8,95
12 44,9+1,75 10,95 52,5+2.54 11,41
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Among the main indicators used in zootechnical analysis, the leading place is
occupied by the average daily increase in live weight — a relative value that is often
considered as a linear function. However, this relationship does not fully reflect the
relationship between the age of animals and their growth rates, since it does not take into
account fluctuations in the intensity of development in different periods of postembryonic
ontogenesis.

For a more objective assessment of the growth intensity of experimental animals
based on known live weight indicators, absolute and average daily increments were
determined. These parameters are important indicators of growth rates and are used as the
main elements of a lifetime assessment of sheep meat productivity. The analysis of these
indicators allows us to establish patterns of live mass formation and evaluate the
effectiveness of realizing the hereditary growth potential depending on the genotype and
conditions of maintenance.

Analysis of the results obtained shows that live weight gains in local young
animals (F1) significantly exceed the indicators of the original ascanian fine-fleeced
breed. The average daily growth of crossbreeds in the period (0-4) is in the range of 207.5
G. which is 20.8% higher than their purebred peers. Such features are also observed in
terms of the level of absolute increments. In the future, by the age of 12 months, the
dominance decreases to the level of 18.3%.These patterns can also be traced in
reproductive young animals .where local yarks dominate in terms of growth over
purebred ones in the period (0-4) in the range of 21.6%, followed by a decrease of 17.3%
to 12 months.

The results confirm that merino is a late-maturing breed that is known for its wool
productivity, not meat productivity, and therefore shows lower growth and development
characteristics compared to crossbreeds.

Assessment of the intensity of growth and development of young sheep, as well
as their breed differences, can be carried out by determining the appropriate indices.
Indexes help you understand how actively an animal is gaining weight, especially during
postnatal ontogenesis. The main ones are: the intensity of formation At, the growth Stress
Index, I,,, growth uniformity index, I,- (Table 3).

Studies have established that the maximum intensity of formation falls on the age
period from birth to four months for all genotypes studied and is in the range of 1.0-1.07.

In the period from birth to 8 months of age, its level increases to a value of 1.33-
1.40. during this period, the intensity of forming processes is higher in sheep, with the
overall advantage of crossbreeds over purebred peers in this indicator. Crossbreeds are
marked by a faster type of formation and have a higher value of this indicator.

Therefore, it can be stated that the intensity of formation is associated with
differentiation processes, during which the growth and development of young sheep
depends on the genotype of the original breeds.

Table 3
Indices of growth intensity of young animals, age
Genotype
Indicators As - Fu -
ram yarochki ram yarochki
0-4 |08 |04|08)| 04| 08| 04| 0-8
Formation intensity At 100(136(1,01/1,33|1,04|1,40|1,07|1,36
Growth stress index, 1, 1,211119|1,16 | 1,07 1,48 | 1,44 | 1,46 | 1,29
Growth uniformity index, I, | 0,85 | 0,59 | 0,80 | 0,55 | 1,01 | 0,82 | 0,95 | 0,65
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The growth stress index in agriculture, in particular when raising animals (young
sheep), indicates the intensity and intensity of growth of the animal in certain age periods.
High values may indicate the maximum use of growth potential, which may be due to
various factors, such as the genotype of the animal.

When determining the growth stress index, general patterns were established for
all genotypes, where the level of this indicator decreases with age. High indicators of this
index are marked by crossbreeds that have an advantage in terms of growth intensity and
intensity over their peers (As). It is also noted that the growth stress in any period of
ontogenesis depends on the average daily growth.

The growth uniformity index in experimental young animals decreases with
increasing age of the animals, which indicates an earlier achievement of puberty in
reproductive young animals compared to other farm animals

The proposed analysis of the indices allows us to obtain new data on the patterns
of growth and development of young sheep of various origins. It is the growth indices
that can be considered as an additional breeding feature.

The results of comprehensive studies confirm that the use of sheep-producers of
the fertile ram charolais breed in the system of interbreeding with ewe of the ascanian
fine-fleeced breed is an effective method of increasing the productivity of fine-fleeced
sheep. This combination of genotypes provides a significant increase in live weight gain
in crossbreeds and the formation of more pronounced meat forms.

Discussion. From the point of view of practical breeding of farm animals,
forecasting of growth and development parameters is of particular importance, which are
closely related to the breeding methods used and the influence of environmental factors,
primarily the level and quality of feeding. (Zvidun, I. A. et al. 2018).

In the period from birth to weaning, the highest growth rate is observed, which is
due to both the manifestation of the heterosis effect and the high level of milk production
of sheep. This stage of development is characterized by the active formation of muscle
tissue and the axial and peripheral skeleton, which provides local lambs with an advantage
in the rate of accumulation of live mass compared to purebred peers. (Alves, A. G. C., at
al, 2018, lovenko, V. M., & Gladiy I. A. 2021)

After weaning, under the influence of external factors — in particular, changes in
the conditions of detention, a decrease in the level of energy availability of the diet and
the transition to independent feed consumption — the growth rate slows down somewhat.
However, in the future, this process stabilizes, and the growth of local young animals
becomes uniform, physiologically balanced, which indicates the high adaptability of
animals and the effective realization of the hereditary potential of meat productivity.
(Zharuk, P. G., & Atanovskaya-Maslyuk, O. Y. 2021, AL-Jaryan, I. L at al.,. 2023).

When carrying out interbreeding, the optimal level of feeding of lambs in the
period from birth to 12 months of age ensured intensive growth, harmonious development
of animals and the formation of pronounced meat productivity in them, which reflects the
effectiveness of realizing the genetic potential in local young animals (Owens, F. N.,. at
al., 1993, Pokhil, V. 1., and others 2021)

Our studies confirm the literature data on the effectiveness of industrial
crossbreeding in sheep breeding. When carrying out such works, it is necessary to
constantly monitor the intensity of growth and development of the obtained young
animals at different stages of postnatal ontogenesis and, if necessary, influence the level
of assimilative processes in the body, while interbreeding in sheep breeding can act not
only as an effective breeding tool, but also as an important biotechnological technique
that allows simultaneously improving meat productivity and preserving the quality of
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wool, increasing the overall profitability of the industry and its competitiveness in modern
production conditions.

Conclusions.

1. The use of ram charolais sheep in crossing with ewe of the ascanian fine-fleeced
breed provides an increase in the live weight of local young animals by 18.8-40.3% at
weaning and 16.9-17.6% at 12 months of age.

2. Local young animals (F1) are characterized by higher growth rates at weaning
by 6.98-8.8%, at 12 months the difference is 4.2-7.6% according to the average daily
growth rates, there is a difference in the range of 20.8 -21.8% at weaning, followed by a
decrease to the age of one year, depending on gender.

3. The intensity of growth and development of young animals can be determined
by appropriate indices. The indices of formation intensity, stress, and growth uniformity
are higher in local young animals.

4. The use of sheep-producers of the ram charolais breed in the system of
interbreeding with ewe of the ascanian fine-fleeced breed is an effective method of
increasing the productivity of fine-fleeced sheep.
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