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This review article is devoted to the use of feed efficiency
traits in dairy cattle breeding. An efficient cow is defined as the
one that produces the same amount of milk and milk solids
while consuming less feed and remaining healthy and fertile;
thus, allowing to reduce costs without decrease in production.
Improving feed efficiency is economically important due to
the increasing price of fodder. Feed efficiency is a genetically
complex trait that can be described as units of product out-
put (e.g., milk yield) per unit of feed input. Nowadays genetic
evaluation of dairy cattle for feed efficiency is routinely con-
ducted in several countries, including Australia, USA, Canada,
Netherlands, Denmark, Sweden, Finland, Norway and United
Kingdom. Different countries use different measures of feed
efficiency of dairy cows. The main feed efficiency traits are dry
matter intake, gross feed efficiency, residual feed intake, ener-
gy balance and feed saved. Genome-wide association studies
demonstrated that feed efficiency in polygenic trait. Neverthe-
less, several genes with large effects on feed efficiency were
identified. Estimates of heritability of these traits vary from 0.07
to 0.49 and show the presence of considerable genetic varia-
tion of these traits and therefore, the possibility of their genetic
improvement under the conditions of inclusion in breeding
programs. Changes in diet and rumen microbiome substantially
impact feed efficiency of dairy cows. Feed efficiency is related
to methane emissions and excess nitrogen excretion. Genetic
improvement of feed efficiency requires recording of individual
data on feed intake in cows. Such data are limited. Two options
exist to solve this problem: use of indirect predictors and ge-
nomic prediction. Accuracy of genomic prediction varies from
0.21 to 0.61 across countries. International cooperative pro-
jects such as Efficient Dairy Genome Project in Canada were
launched to establish large databases and to increase accura-
cy of feed efficiency traits genomic prediction. Future directions
of research are the use of novel technologies: mid-infrared
spectroscopy, artificial intelligence, holo-omics.

Key words: dry matter intake, energy balance, residual feed
intake, feed saved, heritability, genomic selection, holo-omics

Introduction

The purpose of this review is to describe use of feed
efficiency in dairy cattle genetic improvement programs.
The main tasks are to highlight the importance of reduc-

The Animal Biology, 2024, vol. 26, no. 1

ing feed costs in milk production, to characterize traits of
feed efficiency of dairy cows and their genetic architec-
ture, to describe methods of measuring feed efficiency
used in different countries, to focus on the importance
of international collaboration for genomic prediction of
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feed efficiency of dairy cattle. The review refers to dairy
cattle breeding and genetics and considers problems
of genetic improvement of dairy cattle for the purpose
of increasing economic efficiency of milk production.

Discussion

Feeds are the main cost item in milk production.
For instance, according to the Agricultural Research
Service of the US Department of Agriculture, in 2021
the share of the cost of feeds in the total costs of milk
production was 57.8%.

According to calculations by M. Coffey [11]in UK, in
a herd of 150 cows with an average milk yield of 9,000
liters, the average annual feed costs will be equal to
£125,628 (£838 per cow). Saving 10% of this amount is
a big prize. The UK national herd of 1.9 million lactating
cows with an average milk yield of 7,600 kg consumes
feeds for approximately £1.592 billion per year. If cows
consumed 10% less feeds under the same conditions,
the feed savings would be 159 million pounds per year.

In fig. 1 the dynamics of prices of feeds for farm ani-
mals in the USA is presented. For the period from 2000 to
2022, the feed price index increased from 100 to 250, i.e.
by 1.5 times. Thus, reducing feed costs is an important
lever from the point of view of increasing the profitability
of milk production, especially given the rising feed prices.

From the point of view of the need to ensure sus-
tainable milk production, it is important to reduce feed
costs by increasing the share of feed used for milk
production. Feed efficiency is an important genetic
trait that has recently received considerable attention
due to its economic importance [41, 42].

C. M. Richardson et al. [39] showed that increas-
ing estimated breeding value of the feed performance
(defined as a kg of more efficiently used feed) by one
unit (i.e. 1 kg of more efficiently converted dry matter
intake during the cow’s first lactation) translates to a total
lifetime saving of 3.23 kg in dry matter intake with the
economic value of CAD $0.82.

K. Houlahan et al. [17] showed that the inclusion
of feed efficiency in economic selection indices allows
increasing significantly the efficiency of breeding pro-
grams of dairy cattle.
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Fig. 1. Dynamics of prices of feeds for farm animals in the USA
from 2000 to 2022 [36]

In dairy cattle breeding the following traits of feed
efficiency are used [25]:

— dry matter intake (DMI) — the difference between
the feed offered and that which remains uneaten;

— gross feed efficiency (GFE), also known as feed
conversion efficiency — the amount of milk produced
per 1 kg of dry matter of feed consumed;

— residual feed intake (RFI) — the difference be-
tween actual dry matter intake and predicted dry matter
intake based on energy requirements for production and
maintenance;

— energy balance (EB) — the difference between
the consumed energy of feed and the output of total
energy (milk, maintenance, growth and pregnancy);

— feed saved (FS), which takes into account the
costs of milk production and maintenance.

Close to the residual feed intake is the residual
energy intake (REI), which is defined as the differ-
ence between the required and actual consumption
of the net lactation energy of a dairy cow [1].

The most expensive component of diet for dairy cows
is protein [6]. Based on this, Y. Chen et al. [8, 9] developed
Nitrogen Efficiency Index (NEI) that includes nitrogen
intake, milk true protein nitrogen, and milk urea-nitrogen
yield. The NEI showed positive genetic correlations with
production traits (e.g., milk yield, protein yield) and has
the advantage of large-scale prediction. Genome-wide
association study showed that the largest explanatory ge-
nomic regions of NE| were Bos taurus autosomes 14, 26,
16, and 6; 16 key candidate genes were identified for NEI
and its composition traits, which are mainly expressed
in the milk cell, mammary, and liver tissues [10].

According to their genetic architecture feed efficien-
cy traits are polygenic. B. Li et al. [23] conducted a ge-
nome-wide association study of residual feed intake of
Holstein cows (fig. 2). It was shown that regions of the
genome located on chromosomes 25 and 18 have the
greatest influence on residual feed intake. Genes that
determine this trait were identified and biological mech-
anisms of their action were determined.

N. Krattenmacher et al. [20] identified four quanti-
tative trait loci (QTL) located on chromosomes 1, 10,
15 and 16 that affect energy balance in dairy cows.

S. M. Salleh et al. [44], using the gene co-expres-
sion network analysis [31], identified genes and reg-
ulators (ATP7b, IFNG, and IL10RA) that could poten-
tially impact feed efficiency in dairy cows.

S. Lam et al. [21] based on RNA sequencing from
the liver tissue of Holstein and Jersey cows found
9 genes (IN-SRR, CSK, DYNC1H1, GAB1, KAT2B,
RXRA, SHC1, TRRAP, PIK3CB) that affect feed effi-
ciency due to their participation in the processes of cell
growth and regeneration, metabolism and immunity.

Estimates of the heritability of feed efficiency traits
of dairy cows vary significantly between different
countries, but in general the presented estimates indi-
cate the possibility of successful genetic improvement
of these traits (table 1).

bionozis meapuH, 2024, 1. 26, N21
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Fig. 2. Manhattan plot of the genetic variance (%) explained by each genome region for residual feed intake in Holstein dairy cattle [23]

P. Khanal et al. [19] using multiple-trait random regres-
sion model showed that heritability of daily residual feed
intake and feed saved changed during lactation both for
primiparous (0.05-0.07 and 0.11-0.17, respectively) and
multiparous (0.03-0.13 and 0.10-0.17, respectively) cows.
However, heritability estimates based on lactation averag-
es were substantially higher, ranging from 0.17 to 0.25 for
residual feed intake and from 0.35 to 0.41 for feed saved.

In different countries different approaches are used
to measure feed efficiency of dairy cattle.

Australia was the first country in the world to use
breeding value estimates for feed efficiency in dairy
cattle breeding [2]. Feed efficiency is expressed by
the feed saved (Feed Saved ABV). The goal is to pro-
duce animals that give the same amount of milk with
reduced maintenance requirements. Feed Saved ABV

Table 1. Estimates of heritability (h?) of feed efficiency traits
in dairy cows [25]

Trait Country Breed h?
Netherlands Holstein 0.21-0.40
Germany Holstein 0.26-0.37
Denmark and Sweden Holstein 0.20-0.40
Jersey 0.17-0.42
D k
Dry matter enmar Holstein  0.32-0.49
intake
USA, Canada, UK, 0in 023032
Netherlands
Canada Holstein 0.28
Denmark, Finland Holstein  0.30-0.55
and Sweden
Gross feed USA Holstein  0.43-0.47
efficiency
Netherlands Holstein 0.40
Southern Australia Holstein 0.27
Australia .
fesidua and New Zealand Holstein 0.22-0.38
esicua USA Holstein 0.36
feed intake
Canada Holstein 0.20
Denmark Holstein 0.23-0.36
USA, Canada, UK, .
Netherlands Holstein 0.13-0.14
E Finland Nordic Red 0.10
nergy USA Holstein  0.07-0.22
balance .
Germany Holstein 0.29-0.49
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includes residual feed intake (RFI) and maintenance re-
quirements calculated on the basis of live weight. Feed
Saved ABV is expressed in kilograms (dry matter) of
feed saved per cow per year. The base (or average for
breed) is zero: a positive value means saving feeds;
a negative value represents additional feed consumed.
Animals that are one standard deviation above the
mean for the feed saved trait consume 65 kg less feed
per year, while maintaining the same levels of produc-
tion [37]. Feed Saved ABV is included to both selection
indices used in Australian dairy farming: the Balanced
Performance Index (BPI) and the Health Weighted In-
dex (HWI), with higher weighting in the HWI.

In USA feed efficiency is expressed as feed saved
(FSAV) based on estimates of predicted transmitting ability
for residual feed intake (PTArfi) and body weight composite
(PTAbwc) PTA for feed saved is calculated as [35, 471

PTAfsav = —1 PTArfi — 151.8 PTAbwc (1)

Data from the experimental farms of University of
Wisconsin-Madison, Michigan State University, lowa
State University, University of Florida, and of Animal
Genomics and Improvement Laboratory of the depart-
ment of agriculture are used to estimate residual feed
intake. The database contains more than 650,000 feed
intake records (approximately 6,200 cows).

Body weight composite (BWC) is calculated based on
linear appraisal traits of cows according to the formula:

BWC = (0.23 Stature) + (0.72 Strength) +
+ (0.08 Bodydepth) + (0.17 Rumpwidth) —  (2)
— (0.47 Dairyform)

The American Holstein Association uses the Feed Effi-
ciency index (FE$), which is calculated using the formula:

FE$ = (0.0008 PTAmilkyield) +
+ (1.55 PTAmilkfat) + (1.73 PTAmilkprotein) + (3)
+(0.11 PTAfsav)

In Canada, in April 2021, Canadian Dairy Network
began to publish official genetic evaluations based on
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Feed Efficiency for Holstein sires. Feed efficiency
includes three traits: dry matter intake (DMI) to estimate
feed intake, metabolic body weight to determine energy
requirements for maintenance, and energy corrected milk
to account for performance level. Thus, feed efficiency is
an expression of how much feed an animal eats regard-
less of its maintenance and productivity requirements.

Initially, only the data on the first lactation were used.
Starting with the publication of genetic evaluations in
December 2022, relative breeding values include second
lactation data. An increase in the relative breeding value
for every 5 points reduces the consumption of dry matter
of feeds in daughters of sire by approximately 80 kg in
the first lactation and by 120 kg in the second lactation.
This corresponds to 2% reduction in feed intake.

In the Netherlands, the farmer organization CRV
(https://crv4all.com) collects daily data on feed intake of
more than 2,000 lactating cows on five commercial dairy
farms. This gives four million feed intake records each
year. CRV combines this information with data collected
from 9,000 Dutch and Flemish cows, allowing for large
reference population of cows and reliable estimates of
breeding values. The reliability of estimated breeding
values of feed efficiency for CRV sires is 85-90%.

The evaluation of the breeding value of bulls and
cows is carried out in three stages [12]:

1. Evaluation of breeding values for dry matter in-
take is carried out separately for the first (BVdmi1),
second (BVdmi2) and third and subsequent lactations
(BVdmi3). The total evaluation of the breeding value
for of dry matter intake (BVdmi) is calculated according
to the formula:

BVdmi = 0.41 BVdmi1 + 0.33 BVdmi2 +
+0.26 BVdmi3 4)

2. Estimated breeding values for feed saved for main-
tenance (FSM) in physical measurement are calculated
according to the formula:

FSM = ((1000/940) (5.9 kg fat + 3.0 kg protein +
+ 2.43 kg lactose)/301) — BVdmi (5)

3. Estimated breeding values for saved feed costs
for maintenance (SFCM) in monetary terms are cal-
culated according to the formula:

SFCM = 60.20 EURO FCM (6)

In April 2023, CRV introduced FeedExcel, a breeding
strategy that promises 25% increase in herd productivity
or 25% less feed consumption by cows, as well as a 25%
reduction in methane emissions by 2050.

The joint Danish-Finnish-Swedish consortium NAV
(Nordisk Avisveerdi Apskning — Nordic Cattle Genetic
Evaluation), which carries out genetic evaluation of dairy
cattle in these three countries, to evaluate feed efficiency
uses Saved feed index, which includes two components:

maintenance efficiency and metabolic efficiency. Mainte-
nance efficiency is calculated on the basis of data on live
weight and type traits on linear scale (stature, body depth
and chest width). The heritability of this trait is 0.58-0.65.
Metabolic efficiency is defined as the difference between
actual and predicted feed intake (that is, it equals residual
feed intake) Data on feed intake come from the interna-
tional database Efficient Dairy Genome Project (EDGP),
experimental farms in Finland and from VikingGenetics
farms equipped with the CFIT system.

In Norway feed efficiency is expressed by the
Feed$aved™. The goal of Norwegian breeders is to re-
duce the amount of feeds needed to maintain body weight.
The comprehensive system of recording in the Norwe-
gian Red breed represents 93% of all cows in Norway.
Live weight records of 1.2 million cows ensure high se-
lection accuracy for Feed$aved™. Feed$aved™ calcu-
lations are based on dry matter intake. Top Feed$aved™
Norwegian Red sires produce smaller crossbred daugh-
ters compared to the average 700 kg mature Holstein
cow weight, saving maintenance feed costs at $0.28
per day or saving of approximately 1 kg of feed per day
(at a cost of 0.26 USD per 1 kg of dry matter of feed).
On average, a Norwegian Red cow eats 0.6 kg less
feed than a Holstein cow. In general, this saves about
101,000 US dollars on a farm with 1000 cows.

In United Kingdom, Feed Advantage is used — an
index that is calculated as predicted transmitting ability
(PTA) in kilograms of dry matter intake saved in each
lactation. The development of the index is the result of
over 30 years of researches and data collection at the
award-winning Langhill herd in Dumfries. In researches
carried out by the Scottish Rural College (SRUC) dry
matter intake of Langhill cows throughout their lifetime was
measured. Adjustments are made according to the size of
the animal, as smaller cows require less feed than larger
cows with the same level of milk production. The most ef-
ficient cows consume 400 kg less per lactation compared
to the least efficient cows, meaning that the same level
of performance can be achieved by reducing feed intake.
The Feed Advantage index is a component of the Enviro-
Cow index, which aims to reduce the negative impact
of milk production on the environment.

Iranian scientists conducted a study on the possibility
of including feed efficiency in the selection index [32].
Data from seven dairy herds were used. Calculated eco-
nomic weights for traits at prices of $0.34 for 1 kg of milk,
$6.93 for 1 kg of milk fat, $5.53 for 1 kg of milk protein,
—$1.68 for 1 kg of consumed dry matter of feeds, —$1.70
for 1 kg of residual feed intake, $0.47 for 1 month of pro-
ductive life and —$2.71 for 1 day of days open. The Ira-
nian selection index was revised from the point of view
of improving feed efficiency and the sub-index of feed
efficiency (FE$), introduced by the Holstein Association
of the USA, was adopted taking into account the charac-
teristics of the economic and production system of Iran.

L. Cavani et al. [7] studied the relationship between
feeding behavior traits of Holstein cows (number of
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feeder visits per day, number of meals per day, dura-
tion of each feeder visit, duration of each meal, total du-
ration of feeder visits, intake per visit, intake per meal,
feeding rate per visit, and feeding rate per meal) with
residual feed intake. The authors found that feeding
behavior traits of dairy cows can be useful indicators
of feed efficiency and cows with lower feeding rate use
feeds more efficiently. W. E. Brown et al. [5] concluded
that slower feeding rate by more efficient cows was
associated with lower dry matter intake.

In several studies it was shown that feed efficiency of
dairy cows largely depends on the rumen microbiome —
community of microorganisms that inhabit rumen [13,
24, 29]. In Holstein and Nordic Red lactating dairy cows,
R. J. Wallace et al. [48] identified 39 heritable core mi-
crobial OTUs (operational taxonomic units), with micro-
biability (proportion of phenotypic variance explained
by microorganisms) estimates ranging from 0.20 to 0.60.
According to B. Hayes [16], the accuracy of predicting
feed efficiency based on cow genome was 0.33, while
the accuracy of predicting this trait based on rumen micro-
biome data was 0.49; combined prediction using both
sources of information (cow genome and rumen micro-
biome) made it possible to achieve a prediction accuracy
of 0.57. Therefore the perspective direction for increasing
feed efficiency is application of holo-omics — analysis
and prediction of feed efficiency based on simultane-
ous accounting for influence of both cow genome and
metagenome (genome of microorganisms) of rumen [38].
Scheme of this approach is presented on fig. 3.

A. Fischer et al. [15] studied the dependence of feed
efficiency of dairy cows (residual feed intake) on the
diet. The authors found that feed efficiency was less
reproducible across diets than within the same diet,
and that it varied more after diet changes than during
successive stages of lactation.

According to J. Karlsson et al. [18], dairy cows with
high feed efficiency mobilized more of their body reserves
both at the beginning of lactation and during full lactation.

It was shown that most feed efficient cows had im-
proved reproductive performance compared with the
least efficient cows [34].

S.Y. Ruban et al. [40] revealed significant influence
of the “genetic group” factor on the main economic traits
of dairy cows, including feed conversion.

An important aspect of improving feed efficiency is
its relationship with methane emissions. The conducted
studies show that genetic improvement of feed efficiency
will contribute to the reduction of methane emissions
in ruminants, and with the inclusion of both traits (feed
efficiency and methane emission) in breeding goal, it is
possible to achieve significant success both in terms of
increasing the economic efficiency of milk production and
reducing the negative impact on the environment [26, 27].

M. Nehme Marinho et al. [33] showed that the most
feed-efficient cows were also characterized by less excess
excretion of nitrogen which is related to environmental
challenges.

The Animal Biology, 2024, vol. 26, no. 1
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Fig. 3. Scheme of application of holo-omics in dairy cattle [37]

The main problem of using feed efficiency in breed-
ing is the limitation of individual data on feed intake by
cows [45]. Individual recording of feed intake requires
the availability of appropriate equipment on the farm.
There are two ways to solve this problem:

1) use of indirect (proxy) predictors,

2) genomic prediction [4].

As predictors can be used milk production traits, live
weight, body condition scores, behavior traits, metabo-
lites, etc. [28, 49].

J. R. R.Dérea et al. [14] using an artificial neural net-
work approach developed models to estimate dry matter
intake based on milk mid-infrared (MIR) spectral data.

Genomic prediction is based on the use of SNP mark-
ers and requires the definition of reference (training or
predictor) population — group of animals for which their
phenotypes and genotypes are known. Based on these
data, the effects of the genotypes of each marker on quan-
titative trait are calculated, which are then used to obtain
genomic estimates of breeding values (genomic estimat-
ed breeding values, GEBV) of genotyped animals [43].

The accuracy of genomic prediction depends on the
number of animals in the reference population. The siz-
es of reference populations with data on traits, which are
necessary for evaluating feed efficiency in each individual
country, are quite limited; therefore, international cooper-
ation for combining relevant data is of great importance.

The Global Dry Matter Initiative (gDMI) was estab-
lished in 2014 to strengthen and coordinate the work on
breeding dairy cattle for feed efficiency at the international
level. Currently, it includes 15 participants from 10 coun-
tries. The main task of the organization is the collection
and harmonization of data necessary for evaluating feed
efficiency of dairy cows.

The Efficient Dairy Genome Project (EDGP, www.
genomedairy.ualberta.ca) is an international research
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Table 2. Accuracy of genomic predictions of feed efficiency traits
in dairy cattle [25]

Trait Country Breed Accuracy
UK, Netherlands Holstein 0.35
and Australia
Europe, North Amerlca Holstein 037
Dry matter and Australia
intake Ireland, UK .
and Netherlands eECl LS
Netherlands Dutch dairy 0.21-0.38
Germany Holstein 0.33-0.61
Australia .
Residual and New Zealand Al L
esicua Australia Holstein 0.27
feed intake USA. Canad
, Canada, .
Netherlands and UK RRIEED | GREs=esk
Energy Netherlands Holstein 0.29
balance Germany Holstein 0.27-0.47

project in Canada aimed at developing the strategic re-
search, tools and infrastructure needed to implement ge-
netic and genomic evaluations to improve feed efficiency
and reduction of methane emissions in dairy cattle [30].

Values of accuracy of genomic prediction of feed effi-
ciency traits in dairy cattle vary from 0.21 to 0.47 (table 2).

As part of this project, the Canadian Dairy Network
(CDN) and the University of Guelph, together with inter-
national partners, created the EDGP database, which is
located at the CDN (Guelph, Ontario, Canada). The data-
base contains the following information: 1) pedigree,
2) calving, 3) performance, 4) events (including data on
feed efficiency and methane emissions), 5) genotypes,
6) milk mid-infrared spectroscopy data.

As of February 1, 2023, the database contained infor-
mation on 13,609 cows from the USA, Canada, Germany,
Denmark, Switzerland, Spain, and Australia.

In the study of S. Bolormaa et al. [3] it was proved
that the use of the international EDGP database allows to
substantially increase the accuracy of genomic prediction
of feed efficiency of dairy cows.

Genetic evaluation of dairy cattle for feed efficiency
requires individual recording of feed intake. Usually this
work is carried out using special equipment — automatic
feeders. Such equipment is very expensive — approx-
imately at the level of $220,000 for 24 feeders — and is
installed only on experimental farms [11]. However, in re-
cent years, individual feed intake recording systems have
been developed for commercial farms, the most famous
of which is the Cattle Feed InTake (CFIT) system. Such
systems are based on the use of 3D video cameras and
are much cheaper. In CFIT system artificial intelligence is
used capable of both identifying individual cows in a herd
and measuring individual feed intakes [22, 46].

Conclusions

Feed efficiency is an important genetic due to the sig-
nificant share of feeds among the costs of milk production.

Feed efficiency traits are polygenic, i.e. determined
by a large number of genes. Heritability estimates indi-
cate the presence of significant genetic variability of these
traits and, therefore, the possibility of their improvement
under the conditions of inclusion in breeding programs.
A number of gene were identified that considerably influ-
ence feed efficiency of dairy cows.

Feed efficiency depends on diet and to large extent
on rumen microbiome of cows.

In different countries various approaches are used
to determine feed efficiency of dairy cows.

Due to the limitation of amount of individual data on
cows, necessary for genetic evaluation based on feed ef-
ficiency, the best tool for such work is the use of genomic
selection. International cooperation plays an important
role, the purpose of which is the creation of relevant data-
bases, the use of which allows increasing the accuracy
of genomic prediction.

Perspective research directions are the use of modern
technologies, such as mid-infrared spectroscopy, artificial
intelligence, as well as holo-omics (estimating genetic val-
ues with the simultaneous inclusion of information on both
the cow genome and the metagenome, i.e. the genome
of the rumen microbiota).
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EcdeKTUBHICTb BUKOPUCTAHHA KOPMY MOJIOYHOI XyA00M sIK reHeTU4YHa O3HaKa

C. IO. Py6aH, B. O. aHwuH
rubansy@gmail.com

HauioHanbHuin yHiBepcuteT BiopecypciB i NpUpoAoKopuCcTyBaHHs Ykpainu, Byn. lepoiB O6opoHu, 15, m. Kuis, 03041, YkpaiHa

Lito ornagoBy cTaTTio NPUCBAYEHO BU3HAYEHHIO NMOKa3HMKIB eheKTVBHOCTI BUKOPUCTaHHS KOPMY B PO3BEeAEHHI MOMOYHOI XyA06m.
EdekTrBHOI BBaXarOTb KOPOBY, SKa Aae OAHAKOBY KiNbKiCTb MOJIOKa Ta MOro CyXMX KOMMOHEHTIB, CMOXMBaoYM MEHLLE KOpMY i 3anuviua-
104MCh 3[0POBOIO Ta MIIAHOMO, L0 AO3BOMSE CKOPOTUTU BUTPATU 6e3 3HMKEHHS 06’eMy BMPOBHMLTBA. MMiABULLEHHS edpeKTUBHOCTI BUKO-
PUCTaHHSA KOPMY € EKOHOMIYHO BaXIMBUM Yepes3 3pOCTaHHS BapTOCTi KOPMIB. EQOEKTUBHICTb BUKOPUCTAHHA KOPMY — FeHETUYHO CKnagHa
03HaKa, SiKy MOXXHa onmcaTi B OOAMHULSAX BUXOZY NPOAYKTY (Hanpuknad, Hagill) Ha OAVMHULEO CMOXWTOro KopMy. Ha CbOorofHi reHetuyHy
OLiHKY eheKTUBHOCTI BUKOPUCTaHHS1 KOPMY MOJOYHOI Xyno6u perynsipHo NpoBOASATb Y KiMbKox kpaiHax, cepen sikux — AscTpanisi, CLUA,
KaHnapa, Hinepnanaw, [anis, Wseuis, ®iHnaHais, Hopserist Ta Benvka BputaHis. Y pi3Hyx kpaiHax BUKOPUCTOBYHOTb PidHi MOKa3HMKM edbek-
TUBHOCTi BUKOPUCTaHHS KOPMY MOMOYHMX KOpiB. OCHOBHMMM O3HaKaMu eheKTUBHOCTI BUKOPUCTAHHS KOPMY € CMOXMBaHHS CyXOl Pe40oBU-
HW, BanoBa eheKTUBHICTb BUKOPUCTaHHS KOPMY, 3aNMLLKOBE CMOXUBAHHSI KOPMY, EHEPreTUYHWIA BanaHc i ekoHoMist kopMy. NMoBHOreHOMHi
[OCNiMKEeHHS 3B’A3KiB NOKa3any, WO ePEeKTUBHICTb BUKOPUCTaHHA KOPMY € MOMIrEHHOI O3HaKOK. TUM He MeHLU, Byrno BUSBMEHO Kinbka
reHiB, siki 3Ha4HO BNMBalOTb Ha ePEKTUBHICTb BUKOPUCTaHHS kopMy. OLiHKV yCniaaKoByBaHOCTI Lix 03Hak konueatotees Big 0,07 go 0,49,
NoKa3ytoTb HAsIBHICTb 3HAYHOI FEHETUYHOI MIHIMBOCTI LIMX O3HAK i, OTXKe, MOXIUBICTb iX reHETUYHOrO MOKPaLLEHHS 3a YMOB BBEAEHHS 0
cenexujHmx nporpam. 3MiHM B paLioHi Ta Mikpobiom pybLis CyTTEBO BNMMBaOTb Ha €PEKTUBHICTb BUKOPUCTaHHSI KOPMY MOMOYHUX KOPIB.
EdeKTMBHICTb BUKOPUCTaHHS KOPMY MOB’si3aHa 3 eMICiEl0 METaHy i HAANMMLLKOBMM BUAINEHHAM a30Ty. [eHeTnYHe nokpaLleHHst edbeKTmB-
HOCTi BUKOPUCTaHHs1 KopMy noTpebye obniky iHaMBIOyanbHMX OaHWUX NP0 CMOXUBaHHA KOpMY kopoBamu. Taki AaHi obmexeHi. IcHye aBa
BapiaHTM BUPILLEHHS LiiEi Npobnemu: BUKOPUCTaHHS HENPAMUX NPEeaUKTOpIB | reHOMHe nepeadadeHHs. TOYHICTb reHOMHOrO nepeadayYeHHs
B Pi3HNX KpaiHax konveaeTbes BiA 0,21 go 0,61. MixHapoaHi cninbHi npoekTn (Taki, sk Efficient Dairy Genome Project B Kanagi) 6ynu
3anpoBa[bKeHi 3 METOK CTBOPEHHS BeNMUKNX 6a3 AaHWX i NiABULLEHHS TOYHOCTI FeHOMHOTO nepeabaveHHs 03HaKk edheKTUBHOCTI BUKOPUC-
TaHHS kopMy. ManbyTHiMM HanpsMKaMmn AOCTIMKEHb € BUKOPUCTaHHS HOBITHIX TEXHOIOTi — CMEKTPOCKOMIT cepeaHboro iHbpayepBOHOro
[ianasoHy, LWTYYHOrO iHTENEKTK, FON0-OMiKN.

KntouoBi cnoBa: CnoxvBaHHsi Cyxoi pe4OBUHU, EHEPreTUYHUI GanaHc, 3anuLKOBE CMOXMBAHHS KOPMY, EKOHOMISt KOPMY, yCnaz-
KOBYBaHICTb, FreHOMHa CernekLisi, rono-omika

Ruban SY, Danshyn VO. Feed efficiency of dairy cattle as genetic trait. Biol Tvarin. 2024; 26 (1): 3—10. DOI: 10.15407/animbiol26.01.003.
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Sterile Insect Technique (SIT) is the right eco-friendly meth-
od to overcome the pink bollworm Pectinophora gossypiella
(Saunder) menace. In SIT attractiveness of released moths
to their natural counterpart is most important as such this ability
was examined in our study. For this, newly emerged five virgin
female gamma irradiated with 0-250 Gy were used. These fe-
males were placed inside small plastic vial provided with aer-
ation and suspended inside the delta traps by providing 10%
honey solution. Traps were placed in the field during evening.
Moth catches in each trap were counted and removed daily and
these observations continued up to 5 days. In a same manner
irradiated males were released separately inside the field cage
to know its attractiveness to virgin female. The results indicat-
ed that attraction of male moths to irradiated virgin females
decreased significantly with increasing doses of radiation i.e., at
200 and 250 Gy. The number of males captured per female was
greatest on day 2" due to its peak sexual activity, i.e., 25.60,
23.05, 19.45, 14, 9.4 and 5.9 moths at 0, 50, 100, 150, 150, 200,
and 250 Gy, respectively. Gamma radiation also affected the ir-
radiated males to find their natural mates at a higher dose; how-
ever, the maximum number of 5.30, 5.95 and 5.10 irradiated
male moths were attracted to the natural pheromone secreted
by female moths at 50, 100 and 150 Gy respectively, compared
to the 6.80 moths at 0 Gy. The results on attractiveness of ir-
radiated male moths towards virgin female-baited traps were
considered a good measure of male competitiveness.

Key words: Pectinophora gossypiella, Gamma radiation,
competitiveness, Sterile Insect Technique

Introduction

Cotton (Gossypium hirsutum L.) is the most important
commercial crop producing natural fiber; this white gold is
being grown in more than 111 countries as a commercial
crop across the world. India is the largest producer of cot-
ton globally; this crop holds significant importance for the
Indian economy and the livelihood of Indian cotton farm-
ers. India ranks first in cotton cultivation with 120.69 lakh
hectares with an annual production of 340.62 lakh bales
and a mean productivity of 469 kg/ha [3]. In Karnataka,
cotton is being cultivated in 8.97 lakh hectares with a pro-
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duction of 21.48 lakh bales and productivity of 407 kg/ha
[15]. Despite the promising scenario in cotton, several
biotic and abiotic factors are responsible for the reduc-
tion in yield and quality deterioration of cotton in India.
Among the biotic factors, insect pests are major in India.

Among the biotic problem, bollworms such as Heli-
coverpa armigera (Hub.), Earias vittella (F) and Pecti-
nophora gossypiella (Saunders) are important [22].
The first two species of bollworms ruled cotton produc-
tion before the introduction of Bt cotton in 2002. But in
recent years, pink bollworm has emerged as a threat
to cotton cultivation across the India.
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The pink bollworm (PBW), Pectinophora gossypiel-
la (Saunders), is one of the key pests of cotton, which
damages the seeds and fiber, thereby causing econom-
ic losses. The cotton pink bollworm, Pectinophora gos-
sypiella (Saunders), was originally reported from India in
1842. It feeds on cotton, okra, hibiscus and a few other
species of Malvaceous plants. The incidence of pink
bollworm goes unnoticed by the farmers since young
larvae enter the cotton boll during the developing stage
and remain inside the seeds. lts damage will be seen
only when bad-opened bolls with damaged seeds are
found at the harvesting stage. As cotton is used for both
fiber and seed oil the damage is twofold.

After the introduction of Bt cotton, farmers reaped
the benefits of high lint yield and major bollworm control
until 2010. But, since 2010 pink bollworm has slowly in-
creased its pest status. PBW resistance to Cry1Ac was
first confirmed in four districts of Gujarat [11]. Studies
conducted clearly indicated that the PBW developed
resistance to cry toxins deployed in Bollgard Il [16].
Surveys conducted across India showed progressive in-
creases in the survival rate of PBW larvae in green bolls
of Bt-Il cotton F, hybrid varieties [21]. The pink bollworm
damage to Bt cotton varies across India, In south zone,
highest larval recovery and green boll damage due to
PBW was recorded at Raichur (10.9-50.83%). In central
zone, the green boll damage (%) due to PBW ranged
from 0.0—40.0 and maximum damage was observed
at Akola and in north zone the green boll damage (%)
due to PBW was ranged from 0.50-11.25 and maximum
damage was recorded at Sirsa [15].

All the efforts were failed to prevent pink bollworm
further losses including conventional pesticides; the
pest exasperate and caused 40-80% damage in differ-
ent parts of the country [16]. In these incongruous sit-
uations, such as resistance to chemicals and Bt toxins
by PBW, farmers need an alternative eco-friendly con-
trol measures for cotton pink bollworm. Mass trapping
[4, 5], mating disruption by SPLAT-PBW [24] are cur-
rently promising eco-friendly technologies in Bt cotton
eco-system to mange pink bollworm. Along with these,
sterile insect technique (SIT) is also gaining equal im-
portance. In sterile insect technique, exposed gamma
radiation make insects reproductively sterile by caus-
ing germ-cell chromosome fragmentation that leads
to dominant lethal mutations, resulting in imbalanced
gametes, the inhibition of mitosis and the ultimate death
of the embryo.

Now, the modified version of the sterile insect tech-
nique, i.e., F, sterility technique, is widely used across
the world to target lepidopteran pests. In F; sterility male
parents are exposed to a sub-sterilizing dose of radi-
ation and are released into fields to mate with wild fe-
males of the pest species, Thus, the resulting F, progeny
are more sterile than the irradiated parent. The modifi-
cation over original SIT technique is mainly because to
optimize radio tolerance in lepidoptearans. These, lepi-
dopterans are radio resistant compared with most other
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insects. Possible molecular mechanisms responsible for
the high radio resistance in lepidoptera might be due to
their holokinetic chromosomes nature [18].

Further, because the sterile F, progeny developed
under field conditions, the detrimental effects of labo-
ratory rearing, handling, and irradiation are eliminated
and the biological rhythms of the F, generation are in
synchrony with those of the wild population [17]. All stud-
ies have shown that F; sterility is compatible with other
pest control tactics [7, 8, 19, 20].

The pragmatic application of F, sterility or inherited
sterility technique has been studied for many economi-
cally important lepidopteran species. F, sterility is suc-
cessfully used to eradicate the pink bollworm along with
the transgenic Bt cotton in USA [25]. USA scientist joined
the forum to eradicate the pink bollworm in Mexico and
China [25]. This technique is being practiced in limited
field conditions in Egypt [12]. In India, S. Hanchinal et
al. [14] studied the effect of various gamma radiation
dose (50-250 Gy) on reproductive biology of pink boll-
worm and selected 150 Gy as an appropriate ionizing
dose to be employed for F; sterility technique. G. Aksha-
tha [2] who studied the impact of gamma radiation on
the reproductive behaviour of pink bollworm and report-
ed that 150 Gy is sub-sterilizing dose for pink bollworm
males wherein the same dose causes complete sterility
in females, Further, this 150 Gy did not downstream the
mating quality of the released males and contributes
100 % sterility in the all the F, out crosses Hence, ability
of the both irradiated male and female (0—-250 Gy) to
attract their natural counterpart play an important role in
population suppression especially when both sexes are
irradiated and released. As such this ability was exam-
ined in our studies. Here the effect of both female and
male age on their attractiveness to natural counterpart
was also determined here.

Materials and Methods

Rearing of P._gossypiella on semi synthetic diet

The individual field collected larvae were reared on
an artificial diet in bioassay trays with 158 cavities and
covered with a perforated cap until pupation. The fresh
diet was supplemented whenever necessary. Sex dif-
ferentiation of the pink bollworm was done both in the
larval and pupal stages, as mentioned by [10] for pair-
ing adult moths. After adult emergence, they were col-
lected and released in oviposition jars of 45x30x30 cm
(Ixbxh) cm size containing cotton twigs with terminal
leaves and squares inserted in a small plastic contain-
er with a 10 per cent sucrose solution as adult food
and also for egg laying. The bottom of the twigs was
immersed in water to retain the turgidity of the tissue.
Cotton twigs were changed once every three days
in the oviposition jars; cut-off twigs were transferred
to a transparent plastic container covered with black
cloth and tightly fastened with a rubber band for egg
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hatching. And this setup was maintained for up to
7-10 days. Once eggs passed their incubation period,
the hatched first instar larvae were transferred individually
into rearing trays containing a semi synthetic diet [10]
and covered with a perforated cap.

The final instar larvae were later transferred indi-
vidually to a plastic vial with perforations on the cap
for aeration. A fresh diet was supplemented whenever
necessary until pupation. Larvae were maintained in
the growth chamber by maintaining the temperature at
27+0.5°C, relative humidity of 65+5% and photoperiod
of 14L:10D until pupation. This culture was utilized for
further investigations into radiobiological studies under
the laboratory conditions mentioned above.

Sex differentiation in pink bollworm

The determination of sexes based on external char-
acteristics was essential for the mass-rearing of pink
bollworms. The identifying characters of pupae are
mainly based on the position of the genital and anal
openings. Males and females were differentiated in the
larval stage itself based on the presence of a pair of
dark-colored testis in the 7*"—8" abdominal segments
of male. Whereas in female it is absent.

Irradiation technique and sterilization process
of pink bollworm

Most commonly used radiation source, cobalt-60
(CO8%) was used for the exposure of mature pupae
through Gamma Chamber-5000.

Irradiation unit-Gamma Chamber-5000:
Working principle

Gamma Chamber-5000 is a compact self-shielded
cobalt-60 gamma irradiator providing an irradiation vol-
ume of approximately 5000 cc. The material for irradiation
placed in sample chamber located in the vertical drawer
inside the lead flask. This drawer can be moved up and
down with the help of a system of motorized drive which
enables precise positioning of the sample chamber at the
center of the radiation field. Radiation field is provided by
a set of stationary cobalt-60 sources placed in a cylindri-
cal cage. The sources are doubly encapsulated in corro-
sion resistant stainless steel pencils and are tested in ac-
cordance with international standards. Two access holes
of 8 mm diameter are provided in the vertical drawer for
introduction of service sleeves for gases, thermocouple,
etc. A mechanism for rotating/stirring samples during irra-
diation is also facilitated. The lead shield provided around
the source is adequate to keep the external radiation field
well within permissible limits.

Response of the normal and irradiated pink bollworm
population towards the pheromone source

The ability of irradiated male and females to attract
their natural counterpart play an important role in pop-
ulation suppression especially when both sexes are
irradiated and released.

The Animal Biology, 2024, vol. 26, no. 1

Response of normal pink bollworm males
towards irradiated females pheromone source

For this study, mature female PBW pupae were ir-
radiated at 0, 50, 100,150, 200 and 250 Gy (Plate 6)
and these pupae were kept separately. Newly emerged
females from each dose were used as bait in Delta
traps separately. Here five irradiated virgin females
were confined inside small plastic vial (perforated for
aeration) and suspended inside the traps for each
dose. The females were provided with a 10% honey
solution on a cotton wick and this honey was provided
every alternate day by using syringe. Traps were hung
at the level of plant canopy and placed in the field in
the evening. Moth catches in each trap and in respec-
tive replications were counted. and removed daily and
these observations continued up to 8 days. The effect
of gamma dose and female age on their attractiveness
to male moths was also determined.

Response of irradiated pink bollworm males
towards normal female pheromone source

The cage experiment was conducted to study the
response of gamma irradiated male moths to natural
pheromone released by the female moths. This study
was conducted under shade net and each blocks were
separated by net. Cotton plants were raised in a 360 m?
area as per the package of practices. During the flower-
ing stage of the crop, the crop was covered with nylon
nets of size 25x30m?, as such, six blocks were made
inside the shade net. The native population of PBW
remaining inside the field cages was monitored using
gossyplure-baited traps and inspection of cotton fruit-
ing bodies on a weekly basis. Monitoring was contin-
ued until no individuals were present in the gossyplure
baited trap. Later, five normal virgin females were con-
fined inside small plastic vial (perforated for aeration)
and suspended inside the traps instead of gossypulure
for each dose. The females were provided with a 10%
honey solution on a cotton wick and this honey was
provided every alternate day by using a syringe. Traps
were hung at the level of the plant canopy and placed
in the shade net house in the evening, Meantime,
100 PBW male adults irradiated at 0, 50, 100, 150, 200
and 250 Gy were released separately in each nylon net
containing five virgin normal females suspended inside
the trap. Here irradiated male moths captured in each
trap were counted and removed daily.

Results and discussion

Studies on the response of the normal and irradiated
pink bollworm moths towards the pheromone source

The ability of the irradiated females and males to
attract their natural counterparts plays an important
role in population suppression especially when both
sexes are irradiated and released. As such, this ability
was examined in the present studies.
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Table 1. Response of normal pink bollworm males
to irradiated female pink bollworm as a pheromone source

Number of male moths

Table 2. Response of irradiated pink bollworm males
to normal female as a pheromone source in the caged condition

Number of irradiated male moths

Treatments attracted to irradiated virgin female Treatments attracted to virgin female
istday 2"day 39day 4tday 5"day 1stday 2vday 39day 4tday 5"day
T 0G 1890 2560  10.80  11.95  1.40 T 0G 680 990 410 105 030
 UEY (4.40F° (5.11)° (3.36)° (3.53)° (1.38)" ey @70F (322¢ (214p (1.24) (0.89)
, 1210 2305 785 355  0.70 , 530 910 300 080 035
T250Cy  (355p (485¢ (289 (201 (1.10) T250Cy  o41p  @10r  (187p (1.14)  (0.92)
_ 1020 1945  7.05 400  0.55 _ 595 875 285 100  0.50
T 100Gy 3579 @47p (@750 (2120 (1.02)¢ T 100Gy 554y (304 (183 (122)  (1.00)
_ 520 1400 440 405 0.0 _ 510 879 225 085 0.0
Te1506y 530 (381 (221 ( 243) (0.77) Ta1%06Gy 237y (304¢ (166F (1.16) (077)
, 315 940 405 365  0.00 , 230 405 165 0415  0.10
Ts200Gy 191y (315 (213) (204¢ (0.71) Ts200Gy (167 (213p (1470 (0.81) (0.77)
_ 280 590 310 285 005 _ 225 095 080 000 0.0
Te250Gy (1580 (253 (1.90F (1.83) (0.74) Te250Gy (1660 (1200 (114p (071) (0.71)
SE, m 025 017 023 023 0.5 SE, m+ 019 029 022
cO@5% 075 087 067 069 045 CO@5% 057 083 068 NS NS
Vv, % 1628 1405 1812 1952  20.20 cV, % 649  7.69  9.16

Note.* — figures in the parentheses are vX+0.5 transformed values.

Response of normal pink bollworm males
towards irradiated female

The mean number of PBW males captured in each
trap baited with virgin females irradiated at different dos-
es was shown in table 1. Our results showed that male
moths responded to all the female exposed to different
doses radiation. However, female attractiveness was
significantly reduced at higher doses of 200 and 250 Gy.
The responses of males to traps baited with untreated
control females were significantly higher than for traps
baited with irradiated females. Female age also affected
the male moths capture. Male moths captured in each
trap baited with females irradiated at different doses
of irradiation were drastically reduced when calling fe-
males were older than two days.

The number of male moths captured at 24 hours af-
ter the sleeve funnel traps were installed in the field was
18.90, 12.10, 10.20, 10.11, 8.51, and 2.8 moths at 0,
50, 100, 150, 200, and 250 Gy exposed females, re-
spectively. Whereas maximum male moths were cap-
tured on the second day, i.e., 25.60, 23.05, 19.45, 14,
9.4 and 5.9 moths at 0, 50, 100, 150, 200, and 250 Gy,

w
S

N
@

N
<

e

Male moths / trap
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o

0 50 100 150 200 250
Gamma radiation dose, Gy

Fig. 1. Mean number of pink bollworm male moths captured
at different day intervals towards the virgin females
irradiated at different doses

respectively. The mean number of male moths captured
72 hours after the female exposed in trap ranged from
10.80 to 3.1 moths at 0—250 Gy. On the 4" and 5" day,
the mean number of male moths captured ranged from
11.95 to0 2.85 and 1.40 to 0.05 at 0—250 Gy, respectively.
Higher dose of 150, 200 and 250 Gy affected the calling
behavior of irradiated females kept in the trap even for
the first two days (fig. 1). In general, when radiation dos-
ages increased, male moths’ attractiveness to irradiated
virgin females declined noticeably. Male moths reacted
more quickly to untreated virgin females than to females
that had received radiation. On the second day, there
were more males captured per female. It might be due
to the peak mating activity for both treated and native
moths began at 23:00 hours after emergence and peak
sexual activity was recorded during the early morning
(02:00-03:00) as documented by the number of mating
pairs collected from mating tables containing treated,
native or mixed source clipped-wing females revealed
that mating activity for both treated and native PBW
moths began at 23:00 hours. Peak sexual activity was
recorded during the early morning (02:00-03:00) [1].

W 1+ day M 2 day 3 day M 4" day W 5" day

Moths / trap
id

0 50 100 150 200 250
Gamma radiation dose, Gy

Fig. 2. Number of irradiated male moths
attracted to the virgin females kept in the trap
under field cage conditions
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The results are in concurrent with the results of
Hendricks and Garcia indicated that virgin female pink
bollworms irradiated with 25 krad were somewhat less
attractive than untreated virgin females, traps contain-
ing 15 live irradiated females were exposed in the field
for 10 days and averages of 4.49 and 3.90 moths were
caught for untreated and irradiated females, respectively.
In contradictory to the present results, H. M. Flint et al. [13]
reported that trap tests with female pink bollworms irra-
diated with doses of 0 or 25 krad indicated no reduction
of their attractiveness when compared with untreated fe-
male, they supported their findings as, attractiveness of
continuous mass reared insects are more compared to
the native insects, the difference was mainly witnessed
when their fecundity was reduced at higher dose like
250 Gy. The results are in agreement with the N. Ahmad
et al. [1] who reported that attraction of pink bollworm male
moths to irradiated virgin females decreased significantly
with the increasing doses of radiation (0—200 Gy). The
highest number of male moths was captured at 48 hours
after the release. Female age was also affected the male
moth capture. Captures of male moths was drastically re-
duced when calling females were older than two days.

Studies on the response of irradiated pink bollworm
males towards normal female pheromone source
in the caged condition

Gamma radiation affected the irradiated males to
find their mates at a higher dose; however, the max-
imum number of 5.30, 5.95 and 5.10 irradiated male
moths were attracted to the natural pheromone secret-
ed by female moths at 50,100 and 150 Gy respectively,
compared to the 6.80 moths at 0 Gy. At higher doses of
200 and 250 Gy, 2.30 and 2.25 moths were attracted
24 hours after the release. It indicated that an increase
in the dose of irradiation affected male moths orienta-
tion towards virgin female moths.

The maximum attraction of the released irradiated
male moths towards the natural female was noticed
on the 2" day, i.e., 8.75, 8.30, 9.10, 4.05 and 0.95 at
50, 100, 150, 200 and 250 Gy, respectively compared
to the untreated control, where it was 9.90 moths.
72 hours after the release, irradiated male moths at-
tracted towards the virgin females ranged from 4.10
to 0.80 moths at 0-250 Gy (fig. 2). The number of ir-
radiated male moths captured in virgin female-baited
traps was considered a good measure of male com-
petitiveness. On the 4 and 5" days after the release,
the number of irradiated male moths attracted to the
virgin females differed non-significantly among all the
dosages, including the untreated control (table 2).
Our present findings suggested that the responses of
males irradiated at sub-sterilized doses up to 150 Gy,
towards pheromone traps in the field cages were not
different from non-irradiated control moths. Adequate
responses of sub sterilized male moths towards phero-
mone baited traps are one of the important parameters
that provide indications for successful mating. Similarly,

The Animal Biology, 2024, vol. 26, no. 1

J. E. Carpenter et al. [9] conducted study on H. zea,
observed that males captured in pheromone traps were
considered measures of male competitiveness and no
significant differences were found between non-irradi-
ated and 100 Gy-treated males.The results are in line
with S. Bloem et al. [6] who examined the inherited
sterility in the Codling moth (Lepidoptera: Tortriciclae),
reported that males treated with 100 Gy responded to
calling virgin females in larger percentages than those
treated with 200 and 250 Gy. Similarly, R. K. Seth [23]
examined the mating behavior of irradiated Spodop-
tera litura (Lepidoptera: Noctuidae) males and their F,
progeny for use of inherited sterility in pest manage-
ment approaches, reported that response of males
irradiated at sub-sterilized doses of 100 and 130 Gy
towards pheromone traps or virgin female baited traps
in field cages were not different from non-irradiated
control moths.

The response of both normal males and irradiated
males towards virgin irradiated females and normal
females depends on the age of the female moth and
also the dose. Attractiveness was found to be high-
est at 2" after the release and the dose range above
150 Gy was significantly reduced the attractiveness
of both sexes.
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[ocnipxeHHsA peakuii HOpManbHUX i ONPOMiIHEHMX CaMLiB POXeBOi COBKM Ha mxepeno hepoMOHiB

I Akwama, M. BaimarHa, C. I. [anyiHan, A. MNpabypadx, P. B. Xasepi, [Jx. M. Hidazy+Hdi, M. flakwmikaHm
akshatha.g24@gmail.com

YHiBepcuTeT cinbCcbkorocrnoaapcbkux Hayk, Pandyp, KapHataka 584101, IHpisa

Mertog crepunisaninHoi 6opoTbbun 3 komaxamu (Sterile Insect Technique, SIT) — Le eKonoriYHWIn MeToA NOJONAHHSA 3arpo3un POXEBOT
coBku Pectinophora gossypiella (Saunder). Y SIT npnBabnumBicTb BUNYyLLEHWX METENUKIB A5 NPUPOAHUX NPEACTaBHUKIB IXHLOrO BUAY
€ HaWBaXNUBILLO, TOX MV JOCNiAMNM L 34aTHICTb y Hawin poborti. [Ins uboro BUKOpUCTanu M'STb HeE3aMaHUX CaMoK, SIKi LLOMHO
BUnynunmncs. Ix onpomiiosanu ramma-npomersMu 0-250 Mp, noMilani B HEBENMKMI NNacTMKOBUIA orakoH 3 aepaujieto Ta 3anuwarnm
BCEpeaAHi Aenbra-nacTok, 3abesnevytoun 10% posunH medy. Mactkv 6ynu posmilleHi Ha noni NpoTArom Bevopa. YNoB MOMi B KOXHIl
nacTuji WoaHs nigpaxosyBanu Ta Bugansanu. Lii cnoctepexxeHHs Tpusanu 4o 5 AHiB. AHanoriyHo onpoMiHeHWUX caMLiB BUMycKanu okpe-
MO BCepeavHy MonboBOi KNiTKW, OO BU3HAYMTK iXHIO NpMBabNUBICTL ANA HesaiMaHoi camku. Pesynstaty nokasanu, Lo npveabnu-
BiCTb CaMLjiB MOMi AN ONPOMIHEHMX HE3aNMaHNX CaMOK 3Ha4YHO 3MeHLUMNacs 3i 36inbLeHHsIM 403 pagiadii, TobTo 3a onpomiHeHb 200
i 250 Ip. KinbkicTb cniimaHux camuiB Ha ogHy camKy Byna HanbinbLiok Ha 2-i AeHb Yepes ik ii cTaTeBoi akTMBHOCTI, TO6TO 25,60;
23,05; 19,45; 14; 9,4 i 5,9 micsausa 3a onpomiHeHHs 0, 50, 100, 150, 150, 200 i 250 Ip BignoBigHO. MamMMa-BUNPOMIHIOBAHHSI TAKOX BMN-
Bano Ha Te, Lo OMPOMIHEHI caMLi 3HaxXoAunmM CBOIX NPUPOAHMNX MNAapTHEPIB 3a BULLMX [03; OA4HaK MakcumarnbHa Kinbkictb 5,30; 5,95
i 5,10 onpomiHeHux camuiB MeTenukiB 6yna npuBabneHa NpupoaHUM PEPOMOHOM, BUAINEHM camkamu moni, 3a 50, 100 i 150 Ip Big-
noBigHO nopiBHsIHO 3 6,80 meTenvkamm 3a 0 Ip. Pe3ynsraTti Woao npuBabnmBoCcTi ONPOMIHEHWX CaMLiB MOSTi 10 NACTOK i3 He3aMaHUMn
caMKamy BBaXanmcsi XOPOLUMM MOKa3HUKOM KOHKYPEHTOCTPOMOXHOCTi CamUiB.

Knrouosi cnoa: Pectinophora gossypiella, ramma-BANPOMiHIOBaHHS!, KOHKYPEHTOCNIPOMOXHICTb, METOA CTepunidaLiiHoi 6opoTbou
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3pocTaHHs NOoWMPEHOCTI MiKobakTepiosiB — iHDEKLINHMX
3aXBOPHOBaHb, CMPUYMHEHUX HETYDEPKYINBLO3HMU MikobaKTepis-
MW, — € aKTyarbHOI Npobrnemoro ryMaHHoi MeamumHn. Mikobak-
Tepioan TBapWH y BINbLLOCTI KpaiH CBITY TaKOX € OHIEH0 3 aKTyarb-
HMX Npobnem BeTepuHapii. B YkpaiHi MOCTiHO 3pocTae KinbKiCTb
rocnodapcTs, e BUSIBNSOTb NPOAYKTMBHUX TBApVH 3 napaarnep-
MYHUMM peaKLigMn Ha TyOEpKyIiH, LLO YCKINaAHEHIOE LiarHOCTUKY
TyGepkyrnbo3y. Y MONIOYHOMY CKOTapCTBI Lid Npobrnema CTocyeTbes
TaKOX i rOCNOAAapPCbLKO-EKOHOMIYHOI cchepn, OCKINbKU HEPILKO
NpuM3BOANTb 40 BMMYLLEHOrO 3ab0K NIIEMIHHOIO MOMOAHSKY
i BUCOKOMPOAYKTMBHMX KOpiB. BogHo4ac igeHTudikaList y XBopux
Ha MikobakTepioau nogev Buais HETYBepKynbO3HMX MikobaKTepin,
npu4eTHUX 4O ceHcubinisauii opraHiamy Kopis, Hagae npobnemi
NpoinakTvkM MikoGaKTepiosiB TBapUH LLe 1 MEAUKO-COLLiarisHOM
3HayeHHs. Bce ue cryryBano nigcraBoto Ans BCTaHOBIEHHS Npu-
YMH NEPMAHEHTHOTO BUSIBNIEHHS KOPIB, sKi pearytoTb Ha Tybep-
KyniH, B OQHOMY i3 MONOYHOTOBapPHMX rocrnogapcts BonmHesKoi
06n., KoTpe 3aBxau 6yno Gnaronony4yHNM Woao TyGepKynboay.
KomnnekcHe AochimXeHHs1 3 BUKOPUCTaHHSM MeToAy eni3ooTo-
NOriYHOro aHaniay, KNiHiYHOro, NaTonoroaHaToOMIYHOro, ricTonoriy-
Horo, GaKTepionoriyHOro Ta CTaTUCTUYHOMO METOIB AOCTIKEHHS!
nposogunu Bnpogosx 2018-2023 pp. BctaHoBneHo, LWo cepen
noronis’sl BENMWKOI poraTtoi Xxyao0bu MONoYHOTOBapPHOI dhepmMu
YHKLOHYE eni3ooTUYHUIA NMPOLEC, CMIPUYNHEHWI HETYDEPKYITBO3-
HUMK MikobakTepiamun Mycobacterium scrofulaceum, M. fortuitum
i Nocardia spp., siki Oyrv BugineHi 3 nimcpatniHmx Byanis, nimdo-
TAHOI TKaHWHWX NiOCNM30BOrO LUapy TOBCTOMO KULLEYHMKA TBapPWH.
Lli mikoBGakTepii NpOBOKYOTb 3HAYHI FCTOMOriYHI Ta NaToNoro-
aHaTOMIiYHi 3MiHW, LLO CBIOYMTb NPO HAsBHICTb JTAaTEHTHOTO iHGpek-
LiiHOrO MPOLIECy, SIKUIA CYNPOBOMKYETLCA CeHembinisaLieto opra-
Hi3My TBapWH. 3aBASKN €ni300TONOorYHOMY aHarisy pesynbrariB
aneprivHnx JOCNMKEHb 3 BUKOPUCTAHHSIM CUMYIBTaHHOI Mpobu,
a Takok Garatopa3oBMM BaKTEPIONOriYHMM AOCHMKEHHAM GioMa-
Tepiany Big TBapyWH i3 No3uT1BHO peakuieto Ha MNMNO-Ty6epkyniH
Ta anepreH atmnoBux MikobaKTepili, BCTAHOBMEHO, LLIO aneprivHi
peakuii Ha TyGepKyniH Manu napaanepriyHy NpMpoay i Binasep-
KanoBanu HasBHICTb iHEKUINHOro NpoLecy B opraHiami TBapuH.

KnrouyoBi cnoBa: Benvika porata xygoba, Tybepkyrnbo3, Tyoep-
KyIiH, anepreH aTunoBmx MikobaKTepil, enisooTosoNYHUA Harmsg,
i KOHTPOIb, IHGEKLNHWIA NPOLEC, anepriyHi peakuil, giarHoCTMKa
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Eni300TONI0rYHWIN Hars T1a KOHTPOJIb 38 MiKOBaKTEPiO3aMU Y MONIOYHUX depMax YKpaiHu

Beryn

MikoGakTepio3v TBapuH y 6araTtbox kpaiHax CBiTy CTa-
NN aKTyarbHOK NPOGNeMoto BETEPUHAPHOI MeauLnHn [15,
30]. Hanbinblie enisooTonoriyHe Ta Meauko-oionoriyHe
3Ha4YeHHs MatoTb MiKoBaKTepioan BENUKOI poraToi Xyao-
Ou — TBapwiH, ki € OCHOBHVMMU NPOdYyLIEHTaMN MOJIOKa,
MOIOYHUX | M'SICHUX NpoayKTiB [3, 5]. HecneuwmdiyHi (napa-
anepriyHi) peakuii Ha MNMA-ty6epkyniy (Purified Protein
Derivate) y kopis GriarononyyHux LLOAO 3aXBOPHOBaHHS Ha
TyGepKyrnb03 MONIOYHOTOBapHUX hepm — SBULLE OCUTb
noLumpeHe y baratbox KpaiHax CBITY, 30kpema i B YkpaiHi
[16, 19, 33]. Y BMNagKax NOOAMHOKOIO BUSIBNEHHS Napa-
anepriyHMX peakuin Ha TybepkyrniH ix 3a3Buyai He pee-
CTPYHOTb, MPUYMH IXHBOMO BUHMKHEHHS HE BCTAHOBMIOOTh,
a TBapVH, Y SIKMX BUSIBNAIW Lii peakLii, BubpaKkoBytoTh [6—7].
Y BYNagKax nosiBU Taknx peakuiin y 3Ha4HOI KinbKOCTi TBa-
PVH 3aCTOCOBYHOTb CUMYTBTaHHY NPoDby i3 BUKOPUCTaHHSIM
nBox anepreHis — MMNO-Ty6epkyniHy anga ccasuis i AAM
(anepreHy atvnoBux MikobakTepin) [18]. Criewjanictn aep-
YKaBHWX YCTAHOB BETEPUHAPHOT MeauumHK YkpaiHu napa-
arnepriyHi peakuji Ha TyGepkyniH y BEMUKOI poraToi Xynobu
nepeBaXkHO He IKCYHOTb, OCKINbKY BBaXKatOTb, LLIO HETYOep-
Kynbo3Hi MikobakTepii (HTMB) MoxyTb NpoBOKyBaTh nuiue
ceHcmbinisavito opraHiamy TBapuH, ane He iHeKUinH1A
npouec [32]. 3 omsaay Ha ue, ceHembinisalia opraHiamy Tea-
pVH — Lie He pesyrnkTaT NPUXoBaHoro iHPeKLinHOoro Npo-
uecy, cnpunymHeHoro HTMB, a nepMmaHeHTHe sBuLLe, sike
He NpU3BOAMTL A0 MOSIBU NATOMNOMYHMX 3MiH B OpraHiaMi.
BinbLUicTb HayKOBLB r'yMaHHOI i BETEpUHAPHOT Meau-
LMHM BBaXatoTb, LLO MikoGakTepio3n — Le iHdeKUinHa
xBopoba, ska cnpuinHeHa HTMB, mae cBin eTionatore-
He3, XapaKTepHi NaTofioroaHaToOMiYHI Ta creuudidHi ricto-
MOpPOMOrivHi 3MiHY | XapakTepu3yeTbC NepeBaxHo
0Ee3CMMNTOMHO, MEPMAHEHTHOK 3a NMPOSIBOM CEHCUBI-
nizauii dopmoto Ta XpPoHiYHMM nepebirom [8, 22, 25, 26].
[atn 06’eKTMBHY OLHKY HaNPY>XeHOCTi eni300TUYHOI
cuTyauji woao mikobakTepiosie TBapuH B YkpaiHi 3 ornagy
Ha HU3KY NpuYKnH cknagHo. OB’'EKTUBHOK NPUYUHOIO LILO-
My € 3Ha4HE CKOPOYEHHS MOTOMiB’A NPOAYKTUBHUX TBAPVIH.
3okpema, Noronis’s BENWKOI poraTtoi Xyaobu cKkopoTunocst
328 mnH. ronis y 1993 p. o 2,4 mnH. ronie 'y 2023 p. [2],
a TakoXX MalKe NOBHICTHO NIKBIAOBaHI Taki TBAPMHHULIbKI
ranys3i, ik KOHSPCTBO Ta BiBYAPCTBO, i MEHLLIOK MIpo0 —
KpOniBHULITBO. 3HAYHO 3MEHLLNNNCS TEPMiHUM rocrofap-
CbKOI eKcryarallii KopiB Ha MONIOYHOTOBapHUX oepMax,
LLIO NOB’si3aHe 3i 3MIHOK TEXHOMOTIT BUPOOHMLITBA MOJIOKA.
He3agoBinbHWIM piBeHb SKOCTI AiarHOCTMKM fikapsamu-
npakTuKamun BETEPUHAPHOI MEOULNHN, HU3bKa MOTU-
BaLjis creujanicTiB Aep)XaBHMX YCTAaHOB BETEPUHAPHOI
MeaMUMHN Y AiarHOCTyBaHHi HOBOI iHGYeKUiMHOT naTonorii
HeraTMBHO BMNIIMHYIN Ha pearbHUA CTaH eni3ooTny-
HOI cuTyauii wopo MikobakTtepiosiB. Lle, 3i cBoro 60oky,
NpU3BESo A0 3HWKEHHSA 3anuTy Ha po3pobKy CyvacHUX
METOLIB AiarHOCTMKM Ta 3acobiB NpodinaKkTukm iHeKL;n,
CNpUYMHEHUX aTUNoBMMK MikobakTepiamu (ATMB).
BionoriyHi BnactmusocTi ATMB, 30kpemMa, BUHATKO-
BiCTb Oy0OBM KIMITMHHOI CTiHKM MiKODaKTepilA, NOB’A3aHa i3
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HasABHICTIO Y Hill XXMPOBMICHWX Ta BOCKOMOLOHNX CNOMYK,
3abe3ne4ytoTb Sk BUCOKI aganTavifHi MOXXIMBOCTi MiKO-
BakTepii 4O MIHMMBMX YMOB [OBKINMSA, TaK i CTiMKICTb A0
dparouuTosy [31]. Lie 3abe3nevye mikobaKkTepisam MoXXu-
BiCTb B/XXMBATW Yy MIHMMBMX YMOBaX JOBKINNS | € O4HUM i3
ronoBHMx dhakTopiB ybikBiTApHOCTI MikobakTepin [1, 23].

BuByeHHs ocobnmBocTen iHeKLitHOro npouecy
y BCiX BUNagKkax BUSIBNEHHS TBapWH i3 MO3NTUBHOLO pe-
aKLUjeto B KOXKHOMY CTafli BENWKOI poratoi xyaobw, Hesa-
NEXHO Bif, NOro eni3ooToNorYHOro CTartycy, 34iCHEHHS
MOHITOPWHIY 3a 0COBNMMBOCTAMM NPOSABY EMI300TUYHOTO
npouecy y KOXXKHOMY BUNAAKY BUSIBIIEHHS Napaanepriy-
HMX peakLii 3 4OMOMOror CUMYIBTaHHOT anepriyHol Npo-
0K, MOXXe CYTTEBO AOMOBHUTM HaLLi 3HaHHSA NPO iHApeKwii,
cnpuunHeHi ATMB. OTpumaHi AaHi MOXyTb CryryBatu
OCHOBOIO A1151 CTBOPEHHS iHGhopMaLinHOT 6a3u 3 nornu-
GneHoro BUBYEHHS eKororii 30yaHMKIB LMX iHGEKLi Ta
enisooTonorii MikobakTepiosis. A Le, B CBOIO Yepry, CTaHe
00’EKTUBHMM NiArPYHTAM Orst pO3po6KM KOHLENLi Lwoao
KOHTPOIIO Ta YrpasniHHS iHEKLUINHM Ta eni300TUYHUM
npoLecamu 3a MikoGakTepiosiB TBapyH.

MeTa gocnigxeHHA — 3’ACyBaHHA Npupoau napa-
anepriyHMx peakuivi Ha Ty6epkyniH y kopiB bnarononyu-
Horo oo Tybepkynbo3y rocnogapcTsi.

MaTepianu i meTogm gocnigxeHb

JocnigpxeHHs npoBoaMnu B 0QHOMY i3 rocnofapcTs
MOMOYHOTOBAPHOIO HanpsiMKy BornmHcbkoT 06n. Bnpo-
noex 2018—2023 pp. Y poboTi BUKOpUCTAHO METOA eni-
300TOMOrYHOro aHaniay, KNiHiYHWA, anepriyHnn, naTo-
NIOroaHaTOMIYHMWI, TICTONOriYHNIA, BGaKTepionoriyHniA Ta
CTaTUCTUYHUIA METOAN OOCHIAKEHHS.

AHani3 enisooTU4HOI cuTyauii woao Ty6epkynbo3y
30iNCHIOBanNM Ha OCHOBI pes3ynbTaTiB anepriyHux 4ocri-
[PKEeHb, sIKi NpOBOAWIM 3riQHO 3 KaneHaapem npotueni-
300TUYHKX 3aX0AiB cneLianicTy panoHHOro ynpaeBniHHA
BETEPUHAPHOI MEeAMLMHU 3 HALLOK OCOBUCTOI y4acTio
BMNPOAOBX BKa3aHOro nepiogy.

3a kniHiYHOro 0bCTeXeHHs 3BepTanu yBary Ha 3a-
ranbHWUA CTaH TBapWH, IXHIO BrOQOBaHICTb, CTaH NiMda-
TUYHUX BY3MiB — 3arnoTKOBUX, NiaLLenenHux, nepea-
nionaTtkoBMX, HAABUM AHUX i KOMIHHOI CKNagKu.

AnepriyHi gocnigxeHHs TBapuH Ha TyOepKynbo3
NpoOBOAMIN i3 3aCTOCYBaHHSIM CUMYJIbTAHHOI NPo6MW.
AnepreHu BBOAUNN BHYTPILLHbOLLKIPHO 6€3rofIkoBUM
iH'EKTOPOM Y AiNsHKY CepefHbOoi TPETUHU Wni JO3010
0,1 cm®, anisa — MMA-Ty6epkyniH gnsa ccasuiB, cnpa-
Ba — arnepreH 3 atunosumx Mikobaktepin (AAM).

[nsa giarHocTnyHoro 3aboto Gpanu TBapwH, siKi No3n-
TUBHO pearyBanu gk Ha INMMO-ty6epkyniH, Tak i Ha AAM.
3abin TBapuH npoBogunu Ha 5—-7-y noby nicna anep-
ri4YHOro OOCHiAXXEHHS.

Big 3abuTtux 3 giarHOCTMYHOK METOK TBapuWH Bid-
G6upanu nimdaTnyHi By3nu (3arnoTKoBi, NigwenenHi,
nepeasionaTkoBi, BpoHXianbHi, cepeaoCTiHHI, nopTarnb-
Hi, BpPUKENKOBI, HAABMM SIHI, KOMIHHOT CKNaaKK), a TakoX

bionozis meapuH, 2024, 1. 26, N21



Kurtjak B. M., Shevchuk V. M., Suchomlin K. B. et al.

Epizootological surveillance and control of mycobacteriosis in the dairy farms of Ukraine

LUIMATOYKM NapeHXiMaTo3HMX OpraHiB (NereHb, NeYiHku,
CernesiHkn), 3MiHEHi JiNsiHK1 TOBCTOMO KULLIEYHMKA.
3 nimdaTnyHnX By3NiB i BHYTPILLHIX OpraHiB rotyea-
N Masku-eigbuTku, Aki chapbysanu 3a metogom Llins-
HinbceHa (ons 3BuM4ariHOI CBITNOBOI MiKpoCKonii) Ta
aypamiHom O (ans noMiHECUEHTHOT MiKpocKonii).
MaTepian gnsa rictonoridHoro gocnigxeHHsa gik-
cyBanu y 10% po3uunHi HelTpanbHOro opmMarniHy.
MMicna peTenbHOro NpoMMBaHHA MaTepian 3anmeanu
napadiHoM. HapisaHHs napadiHoBMX 6r10KiB NPOBO-
OWNN CepinHO, TOBLLMHA 3pi3iB — 5 MkM. 3pi3n 3abaps-
NIoBanM reMaTtokCuniHoOM Ta eo3nHom [21].
MikposiomKy 3gincHioBanu Ha Mikpockoni ZEISS Pri-
mo Star 3 3 ONOMOro KONbOPOBOI LIMdPOBOi kKamepu
Axiocam 208 Ta nporpamHoro 3abesneyeHHs Zen ZEISS.
BakTepionoriyHe gocnimpkeHHs biomaTepiany 3ginc-
HIOBanu BUCIBOM Ha cepepoBuLle JleBeHwTeNHa-
WMeHcena. MepeanocisHy 06pobKy maTepiany nposo-
ounun 3a metoaukoto Anikaesoi [14].

Pe3ynbraTy Ta iXx 06roBopeHHs

KoHTponb enisooTnyHoro npotecy 3a Ty6epKynbo-
3y BENUKOI poraToi Xygo0bu 34iiCHIOTb KOMIMIEKCHO.
MpoTe nepeBary npu LbOMY Big4alTb CBOEYACHIN Ta
eEeKTUBHI OiarHOCTULi, OCHOBHMM Y SiKill BBaXXatOTb
aneprivyHun metog [10].

BuviBueHHs1 iHdbekLiMHOMo npoLecy MikobakTepiosy y Ko-
piB MOMOYHOTOBaPHOI hepMun AoCHiMKyBaHOrO rocrogap-
CTBa NPOBOAUIN KOMMIEKCHO MiCMsi KOXXHOTO NiaHOBOrO
aneprivyHoro AOCHiMKEHHS AiMHOrO CTaga 3 BUKOPUCTaH-
HAM KNiHIYHOro, MaTonoroaHaToMi4yHoro, ricromopdoro-
rYHOro Ta MIKpPOBIONOriYHOrO MeToAiB. AHarli3 OTPUMaHNX

OaHNX 4aB MOXIUBICTb PO3KPUTN OCOBNMBOCTI MPOsiBY
iHGbEKLNHOro MpoLecy Ta BUSIBUTM OCHOBHI PYLUIHI cumnn
€ni300TUYHOrO NpoLiecy 3a MikobakTepiody TBApUH Y CTafj.

Mpotsarom 2018—2023 pp. 6yno nposedeHo 12 anep-
riYHMX gocnigxeHnb (Tabn.).

Ak 6aummo i3 gaHux Tabn., B pesynsrarti poBeaeHnX
anepriyHvx gocnigkeHb 3a yBech nepiof sussneHo 1452
TBapuHW, siKi pearysBanu, 3 Hux Tineku Ha [MMO-Ty6epkyniH
AN ccaBLjB — 68 ronis, Ha AAM — 529 ronis | Ha obuaga
anepreHn — 855 ronis. CepenHii BinCOTOK Taknx TBAPUH Bif
3aranbHoI KifTlbKOCTi AOCHIMKEHNX CTAHOBMB: i3 peaKLieto Ha
MNA-try6epkyniH ansa ccasuis — 1,4%; Tinbkn AAM — 11%
i Ha 0buaea anepreHn ogHo4acHo — 17,7%. TobTo chieBsia-
HOLLIEHHS KiNbKOCTi TBapWH, LLO pearyBarnu Ha Ty6epKyrniH,
00 KiNbKOCTi TBApWH, AKi Aany NO3UTUBHI peakuii Ha AAM
i AAM Ta TyBepkyniH, ctaHoBuTb 1 : 20,5. Lli gani Bkasyrotb
Ha Te, Lo anepriyHi peakuji Ha AAM € BU3Ha4anbHMMM,
a peakuji Ha MIMO-Ty6epkyniH BUCTyNatoTb K NOGIYHi, BY-
nagko.i. OTpuMaHi pesynsrati AOCHiMKEHb CBigYaTh Npo
Te, LLO OpraHiam TBapuH nepebysae Mig, NOCTIAHUM aHTW-
reHHuM npecvHrom HTMB, a aneprivHi peakuii TBapuH Ha
BBEEHHs1 TybepKyrniHy He MatoTb CTOCYHKY 00 Tybepky-
NbO3HOrO npoLecy. BogHovac MoXHa cTBepOKyBaTy, LLO
aHTUreHHi getepMiHaHTh okpemux sugis HTMbB matotb
BMCOKY CMOpPIAHEHICTb A0 aHTUreHIB MikobakTepin Tybep-
Kynboay, i pesynsrati aneprivHnx OCHimKeHb, sKi My Npo-
BOAMINW BNPOAOBXK TPMBArONo nepioay, Le NiaTBepmKyoTh.

Omxe, 3 iIMyHOMOTYHOI TOYKM 30pYy CUTYaLlist € 3pO3y-
Miroto | He gae npueoay Ans ctypboBaHocTi, 60 HaBiTb
Ha OCHOBI eni300TONOrYHOro aHarnisy BUAHO, WO B JO-
cnigpKyBaHOMY CTafli TBAPWH LIMPKYMOE nonynsyis abo
nonynauii HTMB, siki cnpnynHaoTe ceHembinisauito
opraHi3my KopiB i IMOBIPHO, LLIO 1 iH(peKLiHUIA npoLiec,
a ceHcubinisauis € nuwe Noro NPosIBOM.

Tabnuus. Pesynstatv anepridHnx gocnigxeHb Ha Tybepkynbo3s kopis 3a 2018-2023 pp.
Table. Results of allergy examination to tuberculosis in cows during 2018-2023 years

BusaBneHo TBapuH, siki pearysanu Ha: / Detected animals reacting to:

HocnigxeHo
aneprivHo, ron.
Tested allergi-

Ne Oara
n/n  OOCNImKEeHHS
No. Date of testing

nrg/PPD

(Purified Protein Derivate)

AAM
(Allergen of atypical mycobacteria)

Mg i AAM
PPD and AAM

cally, animals

ron. / animals

%

ron. / animals

%

ron. / animals

%

1 29.05-1.06.2018 330 9 2,7 38 11,5 132 40,0
2 28.11-1.12.2018 419 12 2,9 56 13,4 95 22,7
3  11-14.06.2019 341 10 2,9 34 10,0 102 29,9
4 16-19.10.2019 429 9 2,1 21 4,9 106 247
5 18-21.03.2020 356 3 0,8 55 15,4 103 28,9
6  20-23.10.2020 446 3 0,7 60 13,5 108 24,2
7  20-23.04.2021 369 7 1,9 66 17,9 99 26,8
8  26-29.10.2021 395 2 0,5 17 4,3 36 9,1
9  18-21.04.2022 446 5 1,1 54 12,1 25 5,6
10 19-22.10.2022 432 0 0,0 35 8,1 20 4,6
11 17-20.05.2023 438 3 0,7 69 15,8 1 25
12 24-10.10.2023 428 5 1,2 24 5,6 18 4,2

Bcboro 4829 68 1,4 529 11,0 855 17,7
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3 no3uuii enisooTonNoriYHOro KOHTPOSIO i Harnagy,
3a NMIaHOBUX anepriyHnx JocrigXkeHb Ha Ty6epKynbo3
BMSABMNEHHS TBapWH, siki pearytotb Ha MMO-Ty6epkyniH,
nepenbayae TpuBany i KponiTky poboTy 3i BCTAHOB-
NeHHA NpUpoamn uux peakuin. Hepigko B Takin cutyauii
chaxiBLi AepxaBHOT Cnyxbu BeTepuHapHol MeguunHu
irHopytoTb BUMOTM «IHCTPYKUii 3 NpodpinakTukmn Ta 6o-
poTbbu 3 TyGepkynbLo3oM TBapuH» (2009) i Bianpas-
NSTb TBAPWH i3 NO3UTUBHOK peaklieto Ha 3abin 6e3
npoBeAeHHs1 4OAATKOBUX AOCHiMKEHb [6—7]. 3 KOXHUM
HaCTyNHUM anepriyHM JOCHiIKeHHsAM cTaja KinbKiCTb
TBapWH, SKi NO3UTUBHO pearylTb Ha TyGepKyniH, He
3MEHLUYETBCS, a HaBnakw, 36inbwyeTbcs. Takmi nig-
Xiy HEMUHyYe Bee A0 HEBMMNPaBAAHOI 3aadi Ha 3abin
NPOOYKTUBHWUX TBAPWH, @ B Cy4aCHMX yMOBax HeBenu-
KMX 3a Morosis’siM MOMOYHOTOBApHUX hepM — Hepia-
KO 40 MOBHOI MikBigavii MonoyvHoro ctaga. Mpu ubomy
CUTyaLisi 3an1LIAeTbCA HEKOHTPOBLOBAHOHO LLOAO eni-
300TMYHOrO Brnarononyyys Ta, HarMBaXnueille, HEBUB-
YEHOL0, @ TOMY HEMPOrHO30BaHOH) LLIOA0 No4asnbLIOro
BMKOPUCTaHHS NPUMILLIEHb | TepuTopii hepmu.

3a nepiog 3 2018 no 2023 pp. 6yno npoBeAeHo
12 komMnneKkcHUX JocnigpKeHb AiNHOro ctaga 3 opraHi-
3aujieto giarHoCcTU4YHMX 3ab0iB, B SKMX Oyno gocnigxe-
Ho GionoriyHuin matepian Big 74 TBapuvH i3 peakuieto
Ha obuaBa anepreHu.

Pesyneratu kKniHiYHOrO ornaay TBapuH, KOTPi No3u-
TMBHO pearyBanu Ha oauH abo obnasa anepreHu, He
BUABUNU Y XOOHOI i3 OCNigXyBaHUX TBapUH O3HakK,
sKki Mornun 6 cBigunTU NPO iHCheKLinHWA npouec Tybepky-
Nbo3y B IXHBOMY OpraHi3Mi — CXyAHEHHS YN KaxXeKcCito,
3HVDKEHHSI MOIMOYHOI MPOJYKTUBHOCTI, 306iNbLUEHHS NO-
BEPXHEBUX NMiMdaTUYHUX By3niB, Kawenb abo iHLwWi
0O3HaKn ypaxkeHb NereHb.

BuByatoum enisootonoriyHi ocobnmeocTi MikobakTte-
pio3y KOpIiB Y KOHKPETHOMY rOCNogapcTBi, BUSIBIEHO,
LLIO KiNbKiCTb KOpIB i3 peakuieto Ha obvaBa aneprexu
€ 3Ha4yHo (y 2—3 pasu) BULLIOIO 3a anepriyHoro gocni-
DPKEHHS1 MicNsi 3MMOBO-CTIANIOBOTO YTPUMaHHA TBApWH
MOPIBHAHO i3 TakUM 3a NiITHLO-BUIYNbHOrO (Tabn.). Ta-
KM YMHOM, YTPUMaHHA TBapwH Y NITHIN nepiod ynpo-
OOBX KifTbKOX MiCSILiB HA BUIYNbHUX MangaH4Ynkax
CYNpPOBOLXYETbCA 0300POBIIEHHSAM OpPraHiamy TBapuH
Bid Tak 3BaHOI «xniBHOI» Mikpodnopu, 3okpema i Big
MikobakTepin pisHux Bugis. Moxnuneo, WO CyTTEBE
3MEHLLUEHHS] aHTUFEHHOMO HaBaHTaXXEHHSA Ha OpraHiam
kopie HTMB 3Beno 6 HaHiBeub iHbeKUiiHMIA Npouec
B OpraHi3mi iH(pikoBaHNX TBapWH i, TaKUM YMHOM, CEHCU-
Ginisaujto opraHiamy KoOpiB 4O anepreHiB atunoBux Miko-
GakTepin.

I3 74 3a6UTNX 3 JiarHOCTUYHOK METOH TBApPWH,
Yy AKX BUABNANU NO3UTUBHI peakuii Ha anepreHu,
naTororoaHaToOMiYHMX 3MiH, XapakTepHUX ansa Tybepky-
Nbo3y, He Byno BUSABIEHO Y XX0AHOI 3 HUX. [MpoTe y BCix
3abuUTKX i3 AiarHOCTUYHOK METOI KOpPIB BiA3Ha4Yanm
HU3KY IHLIMX NaTONOrYHMX 3MiH Y NiMaTUuyHnX By3-
nax, 30Kkpema rpaHyrnomartosHi BorHuLLa, atpodito nim-
¢0oigHOI i pO3pOCTaHHA eniTenioigHOI TKaHWH, rinep-
nnasito pi3HOT iIH-TEHCUBHOCTI Ta XxapakTepy, KpanyacTi
KPOBOBWIMBM Y KipKOBIl 30Hi. OkpiM Lporo, y nimdo-
By3nax BMSIBMSAMM 3MiHW KONbOPY NapeHxiMu (NovepBo-
HiHHA abo TeMHO-Cipe 3abapBreHHs), CanoBUAHICTb,
3aMiHy napeHxiMu By3rna Crofly4yHO TKaHMHOM, Lo
BKa3ye Ha HasiBHICTb aTpodpivHMX npouecis. [po atpo-
ito NiMdoIgHOT TKAHMHKU CBIgYNTE PO3POCTaHHSA CMo-
NYYHOI TKAHWHW, SKa BUTICHAE NiMAOIAHY TKaHWHY Ha
nepudepito KipKoBOI 30HW, 3aNMLLIKN KOTPOI y BUMAI
BY3bKOI CMYXKM BUAHO Ha nepudepii Byana (puc. 1).

Puc. 1. lNaTtonoroaHaToMiyHi 3MiHW y HAABUM siHWX NimcoBy3nax. 1 — nepepofykKeHHs 3 MOBHOK aTpodierd NapeHXiMu MO3KOBOTO Luapy;

2 — 3anunLLIKM NapeHxXiMn y KipkoBOMY LUapi; 3 — KPOBOBUIMBM Y KiPKOBII 30Hi.

Fig. 1. Pathological anatomical changes in supramammary lymph nodes. 1 — degeneration with complete atrophy of the brain layer parenchyma;
2 — remnants of parenchyma in the cortical layer; 3 — hemorrhages in the cortical area.
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lnepnnasis niMgoBy3riB NPOSBASANMCS PO3POCTaH-
HAM NiMGOIAHOT TKaHUHK, iHdINBTPaUieto nimdountTamu,
LLIO CBiOYUTb NMPO HAsIBHICTb MPUXOBaHMX 3anaribHUX Npo-
LeciB y TKaHMHax camux By3riB. HasiBHicTb rinepnnasii
CBiAYMTb NPO KIMITUHHY peakwito NiMoigHOT TKaHWHM Ha
YYXKOPiAHI aHTUreHn — GakTepii, rpubu ToLwo. Y Lpomy
BMNaKy Takumm € kncnotocTinki Buan HTMB, BugineHi
i3 TKaHUHW NiMaTUYHUX BY3riB Y GakTepionoriyHomy
JocrnigpkeHHi. BoHn ceHcmbinisyBanu iMyHHy cuctemy
He nuLe OO BNaCHUX aHTUIEHIB, WO NPOSIBAANOCH SK
anepriyHi peakuii Ha AAM, a 11 O aHTUreHiB iHLWNX BUAIB
MikobakTepin, 3okpema Ty6epKynbo3HuX, Wwo i 6yno
NPUYMHOI NapaanepriyHMX peakuin Ha TyGepKyriH.

[eTanbHWi enisooToNoOriYHMM aHani3 napaanep-
riYHMX peakuin Ha obuaBa aHTUrEHU BKA3Yye Ha iXHiN
nepMaHeHTHUA XapakTep — y YaCTUHWU KOpIiB peakuii
MPOTHAroM Nepiofy CrocTepexeHb HEOQHOPA30BO BUMa-
nanv i 3senanucst 3Hoy. O4eBUOHO, 3 BIKOM BHACNIAOK
3HWKEHHS IMYHOPEaKTUBHOCTI, SIke PO3BUBAETLCH Ha
TNi aTpodii NiIMPOIAHOT TKAHWHM NiIMATUYHMX BY3MiB i,
WMOBIPHO, 1 iHLUMX ANPUYMH iIMyHOANEepriYyHOro xapakre-
Py, 3HWKYETBCA CeHcubinisaLlis, Lo CynpoBOaAXYETLCS
BiOCYTHICTIO LMX peakuin. Y rictoapisax i3 niMgaTnyHmx
BY3nNiB BUSIBMEHI MCTONOriYHI 3MiHW, SiKi CBigYaTb Npo
AKTUBHUWI iH(PEKLiNHMI NpoLec — MMOBIPHO, CNpUYn-
HEHWI NPOAYKTaMM XUTTEQIANBHOCTI GakTepin (puc. 2).
Ha wmicui 3arnbeni nimgoumntis OpMyeETECA KIMITUHHWN
OETPUT, YTBOPIOETLCSA BUPAXEHU NEPBUHHUIA BY3NKK,
OTOYEHUIN 3HAYHUM LLIAPOM NiMAOLUTIB.

MopibHi MopdbonoriyHi 3MiHM BUSIBANK Ha ricTo3pi3ax
i3 HaOBMM SIHMX NiMaTUYHKX BY31iB, Ae cnocTepiranm
YTBOPEHHS MEPBUHHUX BY3MUKIB 3 KNITUHHUM OETPUTOM
Y LEHTpi, nepudepuyHMM cKyndeHHam nimcoumTis Ta
YTBOPEHHSIM [OOpe NOMITHOI Kancynu 3 eniTenioigHmnx
€ereMeHTIB.

Puc. 2. dopmyBaHHs By3nukiB B iHdikoBaHnx HTBM nimdaTtnyHux
BYy3rax Ha ni3HiWmx ctagisx iHdekuinHoro npouecy. 1 — Hekpo3
nimcpoumnTiB Y LIEHTPI By3nuKa, oparmeHTauis sgep Ta KoHaeHcauis
XPOMaTUWHyY, BUNagaHHA LinvMx AiNHOK 3MepPTBINuX KMiTuH;

2 — 30Ha niMcpoumTiB HABKOMO AETPUTY; 3 — Kancyna i3 enitenioigHMx
KMiTVH. 3abapBreHHsi reMaToKCUINIHOM Ta €03UHOM, 30inbLueHHst X400
Fig. 2. Formation of nodules in non-tuberculous mycobacteria-
infected lymph nodes at later stages of the infectious process.

1 — lymphocyte necrosis in the center of the nodule, nuclear
fragmentation and chromatin condensation, shedding of entire
areas with dead cells; 2 — zone with lymphocytes around detritus;
3 — capsule with epithelioid cells. Hematoxylin and eosin, x400
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Y nonepeaHix Halmx poboTax BCTAHOBMEHO, LLO iHKy-
GaLinHW nepiof y TBApWH 3a MikobaKTepiosy, CrpuinHe-
Horo HTMB, € 3Ha4Ho TpvBarniumm (Y HaLLoMy BUnagky —
noHag 18-26 micsauiB), Hixk 3a TyOepKynbo3HOi iHGbeKuii,
cnposokoBaHoi M. bovis. Linm chaktom MOXHa MNOSICHUTH
MPWYMHM 3aNi3HINOro pearyBaHHS TBapuH Ha BBEAEHHS
anepreHiB [6—7]. Taky OyMKy TakoX NoAinsioTe HayKoBLj,
KOTpIi BUBYanv natoreHe3 MikobGakTepiosis y nogen [27, 34].

Y GakTepionoritHoMy AocChigpKeHHi BGionoriyHoro mare-
piany (niMaTnyHUX By3niB Ta YPaXKeHMX AiNsiHOK TOBCTOrO
KMLLIKIBHUKA) Bif, TBAPWH 3 peakujeto Ha 0bmaBa aneprenm
BMAiNeHo Ta ineHTundikoBaHo kucnotocTivki HTBM, 3okpe-
ma M. fortuiturmn, M. scrofulaceumn, Nocardia spp.). Pe3synb-
Tatn GakTepionoridyHoro JocnigkeHHs1 Giomatepiany Big
3a0UTUX 3 4iarHOCTUYHOK METOK TBapVH Aat0Tb MiACTaBn
CTBEPOYKYBATY, LLO anepriyni peakuiji Ha MMO-Ty6epkyniH
Ta AAM — Lie pesynraT NpUXOBaHOro iHGEKUMHOro Npo-
Liecy, SIKU NPU3BOAUTL 4O ceHcubinisaLi opraHiamy Limm
MikpoopraHiamamun. OueBuaHo, Lo ceHembinisavis opra-
Hi3aMy 10 aHTUreHiB HTEM nounHaeTbes BXe Ha cTagii
dopMyBaHHS NEPBUHHUX BY3MUKIB Y PEAKTUBHMX LIEHTPaX
niMgaTUYHMX BY3MiB | NePMAaHEHTHO MIATPUMYETLCS KOX-
HUM 4eproBrM NOTPannsiHHAM B OpraHi3m CBRKOI nopuii
HTMB i3 30BHilLHbOro abioTUYHOIO cepenoBMmLLa.

AniMeHTapHWI Ta aepOreHHUI LUMAXM NOTPanIAHHS
HTMB B opraHiam TBapuH BBaXalTb OCHOBHMM, 60
MIKpOOpraHiaMu KOMOHi3yoTb NEePEBAXKHO OpraHu Tpas-
NEHHS Ta OUXaHHS | HandoBLe 3aTPUMYHOTBECS Y perio-
HapHUX NiMdaTUYHKX By3nax LUMX opraHis, Npu3Boasyn
00 MMBOoKMX NAaToMOPONOriYHNX 3MiH Ha KITITUHHOMY
i TKAHWHHOMY PIBHSIX, LLO BYyro BUSIBNEHO 3aBAsKU NaTo-
noroaHaToOMi4YHMM Ta FiCTOMNONYHNUM AOCHIKEHHSM.

Jlokanisauis natonoroaHaToOMiYHMX 3MiH, CPUYNHE-
H1Ux HTMB, y npokcumanbHOMY Bigdini TOBCTOMO KuLL-
KiBHMKa CBiA4MTb NPO TPONi3m MikobakTepi 40 TKaHUH
i opraHiB, 6aratvx Ha nimdoigHi enemeHTn [29]. TyT Miko-
GakTepii MOXyTb NnepebyBaTn B eHTOBIOTUYHIN ¢hasi ic-
HYBaHHS, KONOHI3yHUUN He nuLLe MiCLLA KOHLeHTpaLii
niMgoigHMX enemeHTIB, AkMMK € bnswku MNenepa, ane
1 iHWIi CTPYKTYpM NiACNU30BOro Lwapy CTiHKWM TOBCTOrO
BiOAiNy KuWkiBHUKA [6—7]. EHTOGIOTMYHA ¢hasa icHyBaHHS
HTMB B opraHi3ami € eHOOreHHUM JKeperiom NoCTinHOro
iHDiKyBaHHS TKAHWH Ta OpraHiB opraHiamy, a oTxe,
nigTPUMaHHs iHeKUinHOro npouecy MikobakTepiosy
B OpraHi3mi Ta noro ceHcubinisawii.

3HauHi naTonoroaHaToMiyHi Ta rictomopdonoriyHi
3MiHM Y HaABUM’SIHUX fiMbaTYHNX By3nax cBigyatb
npo enimiHauito HTMB 4yepes Mono4Hy 3anosy, Tomy
MOFOKO BapTO PO3rNsaaaTh Sk BaXnmeuin aktop y Me-
XaHi3Mi nepegauvi 30yqHuKa iHgeKLii.

3Baxaroun Ha 3HayHe noLunpeHHa HTBM mikoGakTte-
pin y npupogi [13, 28], ixHI0 BaxknMBY porib B iHAEKLLIMHIl
natonorii ntoguHu [4, 12, 20] i TBapuH [11, 17, 24], kox-
HWIA BUNaZ0K BCTAHOBIEHHSA OYHKLIOHYBaHHS eni3ooThy-
HOro npouecy MikobakTepiosiB y cTagax NPOAYKTUBHMX
TBapWH, a 0CObNMBO KOPIB, MOBVMHEH PO3rNsiAaTCA Kpisb
npuamy GiopusnkiB AN 300pOB’s NM0AEN Yepe3 NpoayK-
TW Xap4yBaHHS, OTPMMaHi XBOpYX Ha MikobakTepiosn Big
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TBapWH, i ByTV NpegmeTom eni3ooToNoriYHOrO KOHTPOIHO
Ta Harnsgy 3 6oky cneuianicTiB gepXxaBHOI Cry>kou BeTe-
PUHAPHOT MEOULNHN.

Y KOMMITEKCHOMY OOCTiMKEHHI BENMKOI poraToi Xynoou
Ha TyGepKynbo3 y Ornaronony4yHoMy LLOAO TyOepKyrnbo3y
rocnogapcTai BonmHebkoi 0on. Bnpogoex 2018-2023 pp.
i3 3aCTOCYBaHHSAM €ni300TONOMYHMX, anepridyHnX, KriHiy-
HWX, NaTOrIoroaHaTOMIYHKX, FiCTONOriYHMX i 6akTepiono-
rYHMX METOAIB BCTAHOBMNEHO, LLIO aneprivHi peakuil Ha
TyBepKyniH Manu napaanepriyHy nNpyMpoay, BUHWKIM SK
pe3ynbsrar iHEKLIMHOMo NpoLeCy B OpraHiami Kopis, OyB
CNPUYMHEHOTO HETYBepKyNbO3HUMM MikoBaKTepismu.

IHKyOaUiiHMIA nepioa 3a iHikyBaHHSI opraHiamy Be-
nvkoi poratoi xyaodu HTMB € 3HauHO TprBaniwmm, Hixk
3a iHGpiKyBaHHs1 36yAHMKOM TybepKynbo3y, i CTaHOBUTb
18—26 micauiB, a NposiB NapaanepriyHnx peakuii Mae
nepMaHeHTHUI XapakTep, Lo NoB’a3aHo Hacamnepen
3 IHTEHCUBHICTIO iH(bikyBaHHA TBapuH HTMB.

HeTyBepkynbo3Hi MikobakTepii KONOHI3yloTb NepeBadk-
HO OpraHu TpaBIEeHHs Ta OWXaHHs, Lo CBig4YMTb Mpo ani-
MEHTaPHWI Ta aePOreHHNI LLUMSXK iX NOTpansisiHHA B opra-
Hi3M TBapuH. HangoBLLe BOHM 3aTpUMYIOTLCS Y perioHap-
HUX NiMdaTUYHMX By3nax LX OpraHiB, Ae CrpUYMHSIIOTb
rMnBOoKi i HepiaKo HE3BOPOTHI MATOMOPAONONiYHI 3MiHM Ha
KNITUHHOMY | TKAHWHHOMY PIBHSIX, SIKi BOAMNOCH BUSIBUTK
3aBASAKM NMaTonoroaHaToOMiYHUM Ta FiCTONOriYHMM OOCHi-
PKEHHAM. 3Ha4Hi naTonoroaHaToMivHi Ta ricromopdono-
MYHi 3MiHW Y HaOBUM SIHMX NiIMG)aTUYHMX By3rax CBigYaTb
npo enimiHauito HTMB Yepes MonoyHy 3anoasy, a Tomy Tka-
HWHW MOJIOYHOI 3211031 Ta MOJIOKO Tpeba po3rnsaaTu sk
dhakTop y MexaHiami nepeadi 30yaHMKa iHpekLii.

3a BusiBneHMm natomopdpornoriyHuMm 3miHamu y Tea-
PUH i3 NO3UTMBHOI peakLielo MOXHa KOHCTaTyBaTu
HasABHICTb B IXHbOMY OpraHi3mi iHTEHCUBHOTO iHbEeK-
uiiHoro npouecy, cnpnymHeHoro HTMB, a B ginHomy
cTagi kopiB — (QYHKLiIOHYBaHHS €Ni300TUYHOro Npo-
Lecy MikobakTepiosy, a ToMy Taknx TBapuH HeoOXiaHO
po3rnsaaTtu gk aktueHe mxeperno HTEM.

[eTtanbHe BuBYeHHSA BMaoBoro cknagy HTMB, siki
CNPUYUHUIK IHCPEKLiNHUIA NpoLiec B iHIKOBAHUX TBAPUH
Ta (pyHKUOHYBaHHSA €ni300TUYHOO NPOLLECY Ha TepUTOpIi
depmn, ekonorii igeHTMdIKOBaHNX i e He iaeHTUdIKo-
BaHUX Ha TepuTopii rocnogapctea HTMB, BCTaHOBMEHHS
IXHIX NOTEHLUINHMNX MaToreHeTUMHUX BNacTUBOCTEN MaTh-
Me He NnuLe eni3ooTororivYHe, roCNoAapPCbKO-EKOHOMIYHE,
ane n meguko-enigemionioriyHe 3Ha4YeHHs.

3Baxarouun Ha 3HauHy pornb HTEM B iHbekuinHIn na-
TONOriT NIOANHN, KOXHUA BUMAA0K BCTAHOBIEHHS (DYHK-
LiOHYBaHHS eni3ooTMYHOro npouecy MikobakTepiosis
y cTagax NpogyKTUBHMX TBapWH NOTPibHO po3rnggaTtu
SK AXKepeno NoTeHLUiHMX GiopmaunkiB Ansa 300pOB’s Nio-
Jen y xap4yoBOMY faHLto3i. ToMy HacTynHi AOCniaKeH-
Hs1 OyOyTb 30CepemKeHHi Ha NoOrMMbNeHOMY BUBYEHHI
iHLLMX acrekTiB iHEKLINHOro NpoLecy MikobakTepiosis,
TXHbOI eTionorii Ta naToreHesy i paHHbOI AiarHOCTUKY,
ekonorii HTMB Ha Teputopii MONoYHOTOBapHOI chepmu,
cnocobiB MiHiMi3yBaTu Giopu3nkK iHgIKyBaHHA nogen
HTMB 4epe3 M'aCHi i MOMOYHI Xap40Bi NPOAYKTW.
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Peculiarities of epizootological surveillance and control of mycobacteriosis in productive animals
in the conditions of dairy farms of Ukraine

B. M. Kurtjak', V. M. Shevchuk?, K. B. Suchomlin®, O. I. Vishchur? L. M. Solovei®, M. S. Romanovich’, O. P. Rudenko’
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The increase in mycobacteriosis, an infectious disease caused by non-tuberculous mycobacteriosis, has become an urgent issue for
humane medicine. The mycobacteriosis of animals is a subject of intense study by veterinary scientists across most countries globally.
In Ukraine, the number of farms with productive animals exhibiting paraallergic reactions to tuberculin is steadily rising, making the diag-
nosis of tuberculosis more complicated. In dairy cattle breeding, this issue also has significant economic implications. The forced slaughter
of breeding young stock and high-producing cows is often a consequence. On the other hand, the identification of various non-tuberculous
mycobacteria species in human mycobacteriosis patients, which can sensitize the cows, gives the issue of preventing animal mycobacte-
riosis both medical and social significance. All of the factors mentioned previously led to the decision to permanently retain cows that react
positively to tuberculin testing on a dairy farm in the Volyn region, which has historically been free of tuberculosis. A comprehensive study
was conducted from 2018 to 2023, utilizing methods of epizootological analysis as well as clinical, pathological, histological, bacteriolog-
ical, and statistical research techniques. It was shown that an epizootic process, caused by the infection of cattle with non-tuberculosis
mycobacteria, is occurring on the dairy farm. Mycobacterium scrofulaceum, M. fortuitum, and Nocardia spp. were isolated and identified
from the lymph nodes and lymphoid tissue of the large intestine submucosa in the infected animals. These pathogens cause significant
histological and pathological changes, indicating the presence of a clinically covert infectious process accompanied by sensitization of the
animal organism. Epizootological analysis of the results from simultaneous allergic testing, as well as multiple bacteriological studies of
samples from animals that reacted positively to both purified protein derivate tuberculin and atypical mycobacteria allergens, established
that the allergic reactions to tuberculin were paraallergic in nature. This indicated the presence of an active infectious process within
the animals’ bodies.

Key words: tuberculosis, tuberculin, allergen of atypical mycobacteria, epizootic process, infectious process, allergic reactions,
diagnosis
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BoBHSIHE BOMOKHO CKMafaeTbCsl 3 KOMMMNEKCY NpoTeiHiB-
KepaTuHIB, SKi BigpPi3HAOTLCSA SK 3@ CBOIMM (Pi3UKO-XiIMiYHUMM
BMACTMBOCTAMM, TaK i 3a pyHKLIOHANbHNMM XapaKTepucTuKa-
Mu. Monpu ycnixu, BOCATHYTI Y BUBYEHHI CTPYKTYPHOI OpraHi-
3aLil BOIOKOH, e Marno 3'COBaHUM 3anuvLaeTbCsa NUTaHHSA
BMAMBY (PaKTOpiB AOBKOMULLHBOIO CepeaoBuLLia, Xxapaktepy
i PIBHS1 XKMBMEHHS, @ TaKoXX MOPOAHUX 0COBNMBOCTEN Ha cknag
i CniBBiOHOLLEHHA CTPYKTYPHUX NpOoTEeiHiB. 3 ornaay Ha ue, Mu
OOCniannmM cniBBigHOLWEHHS CTPYKTYPHMX MPOTEIHIB BOBHU
OBeLb Pi3HNX NOpifd, SKUX PO3BOAATbL B OKPEMMX 30HaX Ykpai-
HW, 30KpeMa TOHKOPYHHUX, HANIBTOHKOPYHHMX Ta rpyboBOBHO-
BUX. Y OOCHIIXEHHI CTPYKTYPHUX NPOTEIHIB BOBHWN OBELlb Pi3-
HMX nopia, SKi Pi3HATLCS MiXX COBOK TOHMHOKO BOJTOKOH, BCTa-
HOBJEHO, O METOAOM €NeKTPohOPETUHHOIO PO3aiNeHHs L
NPOTEIHM YITKO PO3AINAIOTLCS HA TPW Pi3Hi rpynu, 3okpema Le
npoteinn iHTepmegiansHux dinameHTie (IP) 1i Il Tunis 3 mo-
NeKynspHOK Macolo, BignosigHo, 55—65 i 45-55 k[a, a Takox
KepaTuH-acouinoBaHmx npoteidiB (KAIT) 3 MonekynsapHot
Macoto 25-35 k[la. [NpoTe B okpeMunx nopig, 30Kkpema, acka-
HINCbKOT M'ICO-BOBHOBOI YOPHOIOSI0BOrO TUMY Ta YKPaiHCbKOi
ripcbkokapnaTtcbkoi, cepep, |D | Tuny BusBneHo e Agi rpynu
NpoTeiHiB, AKi 3@ BiACOTKOBUM CMiBBIAHOLLIEHHAM Malxe He
BiOPIi3HAIOTLCA Mk coboto. BcTaHOBMNEHO, LLO B MeXax AoCHi-
O)KyBaHMX rpyn oBeLb CroCTepiraloTbCs OKpeMi MKMNOPOAHI
0CcoBnMBOCTI: B rpyni TOHKOPYHHWUX MOpi4 HanWbIinbLWniA Biaco-
ToK npunagae Ha IO |l (35,9%), Ha aBi iHWI dpakuii npunagae
mawxe ogHakoBui BigcoTok — 32,1% (1P 1) i 31,8% (KATT).
Mawixe aHanoriyHa KapTuHa chiBBigHOLLEHHS cbpakuin npoTe-
THiB 3acbikcoBaHa y rpyni TBapuvH 3 rpyboto BoBHOW. BogHouvac
y rpyni oBeLb 3 HanNiBTOHKOIO BOBHO, 30KpeMa, Y BOFTOKHax
oBeLb ackaHiNCbKoi M'ICO-BOBHOBOI nopoawu, BiacoTok KATI
Hansuwni i meHwe | Il, a y BONokKHax ackaHincbKol M’co-
BOBHOBOI YOPHOIOS1I0BOr0O TUMY, BiAMOBIAHO, MEHLLE NPOTEIHIB
IO 11§ KAM. OTprmaHi AaHi BkasyroTb Ha NOpOAHi 0COGNMBOCTI
BMICTY Ta CMiBBigHOLLUEHb OKPEMUX IPYN MPOTEIHIB, AKi MOXYTb
OyTV reHeTUYHO AEeTEPMIHOBaHNMK, @ OTXXe, CryryBaTu Bigno-
BiAHMMW MapKepamn B MeXax sik OKpeMux nopif, Tak i B mexax
nopia 3 pi3HOKO KaTeropieto BONOKOH.

KntovoBi cnoBa: spku, nopoaa, BOBHA, CTPYKTYpa, NpoTeiHn,
Cynbyp, enexktpocpopes
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Bctyn

OCHOBHO pevYoBMHOK BOBHU, sika BU3HAYaEe ii
di3nKo-XiMi4Hi BMacTUBOCTI, € NPOTEIH — KepaTuH,
KINbKICTb IKOro csrae mamxke 96%, peluTy CTaHOBNATb
CTPYKTYPHI ninian (~2%), miHepaneHi enemeHTn (~1%),
HYKNEeTHOBI KUCNOTK, Byrnesoam Towo [16, 17]. Kepa-
TVHU — Ue noninenTuau, nobyaoBaHi 3 amiHOKUCIOT,
3B’A3aHUX MDKMOIEKYNAPHUMMU 3B’SI3KaMu 3 LIUCTETHOM
Ta BHYTPILHbOMONEKYNAPHNUMM 3B’A3KaMU 3 TXHIMU
NONAPHUMYK Ta HEMONAPHUMM rpynamu. Y Monekyni
KepaTuHy € Benuka KinbKiCTb LIMCTETHOBUX 3anuLLKIB
(7—20% Big 3aranbHOI KiNbKOCTI), WO SKICHO BiApi3HsSE
KepaTuH Bif iHLIMX CTPYKTYPHUX NPOTEIHIB. 3anuLikm
LUMCTEIHY MICTSATb TIONOBI rPynu, SIKi yTBOPIOKOTb MilHi
avcynbdifHi 38'A3KK, WO NPUM3BOANTL A0 3LUUBAHHSA
MaTpu4HOT Monekynu. [AucynbdigHi 38’a3kn HagaloTb
KepaTuHam BUCOKOI CTIMKOCTI 4O XiMIYHMX Ta eH3un-
MaTUYHUX YUHHWKKIB [15]. KepaTuHu MOXyTb MaTu Tpu
KoHcpirypauii: a-kepaTtuHu 3i CTPyKTYpoOto a-cnipani,
a-KepaTuHU 3i CTPYKTYPOLO B-NUCTKa Ta y-KepaTUHW.
Anba-kepaTuHu, sKi MaloTb CTPYKTYpPY a-cnipani,
HanexaTb [0 NPOTeiHIB iHTepMeaianbHUX dinamMeHTiB
(IP) 3 HM3LKUM BMicToM Cynbdypy (1,5-2,0%) | matoTb
MoneKynspHy macy B aianasoHi Big 40 oo 70 kda. lamma-
KepaTvHU XapaKTepusytTbCa aMopOHO CTPYKTYPOHD
3 BMCOKMM BMicTOM Cynbdypy (4—8%). JlokanisyoTb-
CHA BOHW Y MaTPUKCi BOMOKHA, a IXHA MonekynspHa
Maca Bapitoe B gianasoHi 25-35 k[la — ue kepaTuH-
acouiioBaHi npoteinu (KAM). Bsaemogis a-cnipani Ta
B-nucTkiB pobuTb KEpaTUHOBE BOSIOKHO €MacTUYHMUM,
a avncynbdigHi 38’A3k1M MK MOnekyrnamMmm LmMcTeiHy —
cTabinbHMMK Ta BaXXKOPO34MHHUMUK [4, 12, 13].

JliTepaTypHi oaHi ceig4aThb, WO XapakTepucTuka
KepaTuHIB Pi3HOro NOXOMKEHHS 3aneXuTb Bif CniBBiag-
HoLueHHs Mix 1P | KAl. 3okpema € nosigomneHHst npo
MDKBWOOBI BiMIiHHOCTI B KiNlbKICHOMY CMiBBiAHOLLEHHI
Pi3HUX rpyn kepaTuHiB. Byno BCTaHOBMEHO, O Pi3Hi
KepaTUHOBI BONTOKHA MatoTb NOAiIGHI naTtepHu y giana-
30Hi 65-35 k[la, Toai AK BIOMIHHOCTI CTOCYIOTbCH Ma-
TpukcHux npoteiHis (30—10 kda) [14, 17].

MpoTe, nonpu AOCATHYTI Yy BUBYEHHI CTPYKTYp-
HOT opraHi3auii BOBHSHMX BOMIOKOH YyCMiXu, e mMarno
3’ICOBaHVMU 3anULLIATLCS MUTaHHS BMNUBY (haKTopiB
HaBKONULLHbOIO CepeaoByLLa, 30KpeEMA COHSIYHOI pa-
giauii, 3MiH TemnepaTypHOro PeXxnmy, BorIorocTi, piBHS
XXUBMEHHSA Ta YMOB YTPUMaHHS pi3HMX Nopia oBelb
Yy KOHKPETHMX 30HaX iX po3BedeHHs. Y pesynbraTi LumX
BMMMBIB MOXe BigbyBaTncs OeCTPYKLiA CTPYKTYPHOI
OpraHisauii BOrOKOH, 3MiHa iXHbOro XiMi4HOro cknagy
Ta isNYHNX NOKa3HWKIB. AHANOrYHi 3MiHW MOXYTb Bif-
OyBaTnCA | 3aMeXHO Bif PIBHA Ta XapaKTepy XMBMEHHS
Ta YMOB YTPMMAaHHS Pi3HNX MOpif OBELb Y KOHKPETHMX
30Hax X PO3BELEHHS.

MeToto poboTn Byro gocnigMTy NopoaHi ocobnu-
BOCTi CMiBBiAHOLLEHHS OKpeMUX rpyn NPOTEIHIB Y Pi3HUX
KaTeropisix BOBHSHNX BOJTOKOH OBELb, 30KpEMa TOHKMX,
HaniBTOHKMX Ta rpyoux.

The Animal Biology, 2024, vol. 26, no. 1

Marepianu i meToamn

[ocnigxeHHs npoBeaeHi Ha 3pa3skax BOBHU SIPOK pi3-
HMX Nopia oBeLb, SKMX PO3BOASATb Y PI3HUX perioHax Kpa-
HW. Lle 3okpema BYKOBMHCBHKMIM TUM acKaHIiCbKoi M'co-
BOBHOBOI Nopoau (kpocbpeaHuin Tvn) i 6yKOBUHCHKUI
TUM acKaHiNCbKoI kapakynbebkoi nopoau (I «Bis4apuky
i «daHa» YepHiBeLbKoi 00n.); ackaHiicbka M’ICO-BOBHOBa
(kpocbpeaHut TMN), ackaHicbka M’ICO-BOBHOBA (HOPHO-
rONOBWI TUM), aCKaHINCbKWUI NOPOAHWUIA TUN GaraTonnig-
HOro Kapakynto (YopHOro 3abapBneHHst) i ackaHicbka
TOHKOPYHHa nopopa (focnigHi rocnogapcTea IHCTUTyTy
«AckaHig-HoBa» XepCoOHCbKOi 001.); XapKiBCbKUA BHY-
TPILUHLOMOPOAHMUIA TUM NOPOAM NPEKOC Ta COKiNbCbKa
cmyLukoBa nopoga (ANAN «FoHTapicbkey» XapKiBCbKOI
006r1.); NnpuaHinpoBCcbKa M’sicHa nopoga Ta onibc (rocno-
Aapctea [HinponetposcbKoi 061.); nopoaa nakoH Ta me-
pvHonanawad (rocnogapctea Kam’saHewps-TNoginbcbkoro
p-Hy, XMenbHULLKOT 061.); YkpaiHcbka ripcbkokapnarcbka
nopoga (npuBaTHe rocnogapcTeo YepHiBeLbkoi 00n.).

Tabnuus 1. XapaktepucTtrika BOBHU Spok pisHux rnopig (M+SD, n=5)
Table 1. Characteristics of the wool from different breeds (M+SD, n=5)

Bua BoBHU Mopoga
Wool type Breed

AcKaHilncbka TOHKOPYHHA
Ascanian fine-woolen

TOHMHA, MKM
Fineness

19,240,287

XapKiBCbKVI BHYTPILLHLO-
ToHka NOPOAHWIA TUM NOPOAN NPEKOC
Fine Kharkiv intrabreed type of prekos
Onibc / OLIBS

®PpaHLly3bK1In NaKkoH
French lacaune

20,3+0,357*

23,4+0,501*
24,8+0,288*

MepuvHonaHgwad

Merinolandschaf 25,610,524

MpuaHinpoBcbka M’AcHa
Prydniprovska meat

AckKaHilcbka M’ICO-BOBHOBA,
YOPHOrONOBUIA TUM

Ascanian meat and wool,
black-headed type

AckaHilcbka M’ICO-BOBHOBaA,
KpocbpenHui T1n

Ascanian meat and wool,
crossbred type

ByKoBMHCBKMI TMN ackaHincbKoi
M’SICO-BOBHOBOI 3 KpocbpeaHo
BOBHOIO

Bukovynian type of Ascanian meat
and wool with crossbred wool

YKpaiHCbKa ripcbkokapnaTtcbka
Ukrainian Carpathian Mountain
AckaHicbkuii nopogHuiA Tun Gararo-
NNigHUX KapaKyNbCbKUX OBELb
Mpy6a Ascanian type of multifetal garaqul
Coarse

27,1£0,741

25,5+0,413

HaniBToHka
Semi-fine

26,6+0,485*

28,4+0,447*

45,3+0,799

49,040,773

ByKOBMHCBKMI TMN ackaHincbKoi
KapakynbCbKoi nopoau
Bukovynian type of Ascanian qaraqul
CokinbCbka CMyLLKOBa

Sokilka lambskin

65,2+0,566*

50,9+0,668

lMpumimka. MNopiBHAHHS NPOBEAEHO [0 HAWMEHLLIOTO NMOKasHuKa B Me-
Xax KOXXHOro Buay BoBHW.* — P<0,05; ** — P<0,01; *** — P<0,001.
Note. In comparison with the smallest indice for every wool type.
* — P<0.05; ** — P<0.01; *** — P<0.001.
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3aranom oxonneHo 13 nopia 3 pisHUM XapaKkTepoM BOB-
HSHOrO MOKPUBY, Cepen SIKMX TOHKOPYHHI, HANIBTOHKOPYHHI
i rppy60BOBHOBI. [locnimpkyBanucs 3pasku BOBHM, PICT SKOI
npunas Ha BECHAHO-NITHLO-OCIHHIN Nepioau.

3 MeTOI BUBYEHHS BMICTY i cknagy CTPYKTYPHUX
NpoTEiHi BOBHM YCi AOCNIAXEHHS NpoBeaeHo B nabo-
paTopHMX YMOBaX 3rigHO 3 METOANYHUMW PEKOMEHJa-
uigmm [9]. EkcTpakuito npoTeiHiB NpoBeny 3a MeETOQoM,
onucannm A. Nakamura [11], a iXHiln BMiCT — Konopu-
METPUYHO 3a AonomMorot peareHTy bpendopaa [1].
[lnsa poaaineHHs NpoTeiHiB BUKOpUCTanu MeTog enexkTpo-
dopesy B 12,5% noniakpunamigHomMy reni B 4eHaTypyto-
4YMX ymoBax 3 gogeuuncynbgaTtom HaTpito y 6ydepHin
cuctemi Nlemmni [5-8].

OnepkaHi uMdpoBi AaHi onpauboBaHi CTaTUCTUYHO
3a gonomoroto nakety nporpam Microsoft Office Excel
2016 3 BUKOpUCTaHHAM koediuieHTa CTblogeHTa.

Pe3ynkTaT 1 06roBOpeHHs

Y pesynerarti NpoBeaeH1X SOCTipKeHb Hacamnepes
BCTaHOBMEHO, LLIO CTPYKTYPHI NPOTEIHN BOBHU OBELb pi3-
HUX Nopia, SKi PiBHATECA MiXK COBOI0 TOHMHOKO BOIOKOH,
METOZOM enekTpodopesy po3ainATbCa Ha TPY PidHi
rpynu. Lle npoTeinn inTepmeaiansHux dinameHTis (19)
3 HM3bkuM BMicTOM Cynbdypy, 3 MONEKYNApHOK Ma-
Ccolo, BignoBigHo, 55-65 i 45-55 k[a, Ta npoTeiHn 3 BU-
coknm BmicToM Cynbdypy, MOnekynspHa maca sikux
ctaHoBuUTb 25—-35 k[]Ja — KepaTuH-acoLiioBaHi npoTe-
iHn (KAI). Mpoteinn I® y kepaTMHOBOMY BOJIOKHI yna-
KOBaHi y CynepcTpyKTypu — Tak 3BaHi Makpodidpunu,
a KAT ¢oopmytoTb rmobynsapHy npoTeiHOBY peLUiTKY,
sKa yTpUMye KopTuKanbHi knitTuHW. Taka KAl-pewuitka
BNNMBAaE He nuie Ha Makpodibpunu |P, a i Ha MiLHICTb
Ta 3BMBUCTICTb BOMOKOH [16, 17].

250
130
100
: > 70
o —> 55
o1l —> ®
KA —>» 35

_—*-_ 25

Puc. Tunoea enektpodoperpama npoTeiHiB, eKCTparoBaHnx

3 BOMOKOH BOBHU (1-5). M — mapkep MonekynspHoi Mmacu
(PageRuler Plus, ThermoScientific), |® | Ta |® || — npoTeinn
iHTepmegianbHux cinameHTis, KA — kepaTuH-acoujiioBaHi NpoTeiHn
Fig. Typical electrophoregram of proteins extracted from wool
fibers (1-5). M — molecular weight marker (PageRuler Plus,
ThermoScientific), IF | and IF 1l — proteins of intermediate
filaments, KAP — keratin-associated proteins
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3 pesynsratiB enekTpoopETUHHOIO PO3aineHHs Bua-
HO (puc.), wo cmyru KAl 3a6apBritoloTbCs MEHLL iHTEH-
CUBHO, HiX npoTeiHn 1®. MNprumMHOI LBOoro € Te, WO MO-
TNEeKynu KepaTuHy 3 BUCOKMM BMicToM Cyrnbdypy ripLue
aacopOytoTb GapBHUK, HiXX NPOTEIHW 3 HU3LKUM BMICTOM
Cynbdoypy. LLonpaeaa, y Aeskvx nopig oBeup, 3oKpema
aCKaHiCbKOI M’ICO-BOBHOBOI (HOPHOrONOBUIM TUN) Ta
YKPaiHCBKOI ripcbKokapnaTcbkoi nopoau, cepeg, 1O | Bu-
SIBMEHO LWe ABi hpakLuii npoTelHiB, SKi 3a BiACOTKOBUM
CMiBBIAHOLLEHHAM Make TOTOXHi. [okuM Lo MY He Mo-
YKEMO YITKO CKa3aTu, Yu Lie € MOPOOHOK O3HAKOH), OCKiMb-
KM 32 XapaKTepoM BOBHOBOIO NMOKPUBY Lii MOPOAy 3HaYHO
BiQpPi3HAKTLCS Mi>K COOOI10.

AHani3ytoum oTpUMaHi AaHi, KOHCTaTyeEMO, LLO B rpyni
TOHKOPYHHUX nopig, (Tadn. 2) HanbinbLWniA BigCOTOK Npw-
napae Ha 1o [l — 35,9%. Ha gBi iHwi dopakuii npunagae
Mavixe ogHakoBui Bigcotok — 32,1% (npoteinm [P )
i 31,8% (KAIT). Marnxe aHanoriyHa kapTvHa cniBBigHO-
WeHb dpakuivi NpoTeiHiB 3adikcoBaHa y rpyni TBapyH
3 rpy6oto BOBHOO (Tabn. 3), TOGTO HaNBULLMIA BiJCOTOK
cTaHoBnATb npoTeinn [P 11 (33,4%), a ABi iHWI dpakuii
He BigpisHAOTLCA Mk coboto — 30,1% nporteinis [P | Ta
30,7% KAI. Lle moxe ByTv nos’a3aHo 3 TMM, LLIO BOBHA
rpyboBoBHOBMX Nopia gocnigxysanacs 6e3 nonepen-
HBbOrO PO3AiNeHHs Ha OCTLOBI i MyXOBi BONOKHA. BoaHo-
yac iHLle CriBBigHOLLEHHS CTPYKTYPHUX NPOTEIHIB 3adik-
COBaHO Y rpyni OBeLb 3 HaMiBTOHKOIO BOBHO (Tabn. 4).
TyT uncenbHO OOMiHYtOTb npoTeilun P | [P Il — Bia-
nosigHo, 35,9 i 33,9%.

AHani3 oTpuMaHnx gaHux BUSBUB, WO B MexXax
OOCTiZXXYBaHUX Py OBELb CNOCTEPIralnTbCs OKPEMI
MDKNOPOAHI 0co6nMBOCTiI. B rpyni oBeLb 3 HaniBTOHKOO
BOBHOI0, 30KpEMa OBELb aCKaHINCbKOI M'ICO-BOBHOBOT
nopoau, y BONMOKHax HameuLmi BiacoTok 35,6% KAIT |,
BiAMNOBIgHO, MeHLLe npoTeiHiB I[P [ — 32,6%, a y Bonok-
Hax acKaHiNCbKOI M’3CO-BOBHOBOI YOPHOrOOBOIo TUMy
BiporigHo meHwwe npoteiHiB [D 11 i KA — 25,2i 26,2%
BignoBigHo. B rpyni oBeLb 3 rpy60t0 BOBHOK HaNBinbLL
XapakTepHi pisHuUi cTocytoTbes npoTeinis 1P I Tuny.
3okpema, y BOBHi TBapUH YKpaiHCbKOI ripCbkokapnaT-
CbKOI MOPOAN, KapaKyrnbCbKNX (aCKaHINCbKMIA MOPOAHUIA
GaratonnigHuin TMnN) iX BipOrigHO MEHLLIE MOPIBHSHO 3 CO-
KifTlbCbKOK CMYLLIKOBOK MOPOAOHO.

OTxe, oTpMMaHi 3a pesdynsrataMu SOCTipKEHb OaHi
BKa3yloTb Ha NOPOAHi 0COBNMBOCTI BMICTY i CniBBigHO-
LLIEHHS OKpPEeMUX rpyn CTPYKTYPHMX NPOTEIHIB, SIKi MOXYTb
OyTn reHeTUYHO AEeTEPMIHOBaHI, a OTXKe, CryrysaTu Bia-
MOBIOHMMM MapKepaMu siK B MEXax OKpeMUX nopig, Tak
i cepen nopia 3 Pi3HOK KaTeropieto BOMOKOH.

Ocobnueoi yBaru 3acnyroBytoTb KAI, ockinbkiu BOHU
BaraTti He nuwe Ha Cynbdyp, ane i Ha CTPYKTYPHI ni-
nigu, SKi 38’s13y10Tb Midk CODOKO KyTUKYIYy i kopTekc [3].
Lli npoTeiHn cyTTeEBO BNNMBakoTb HA POPMYBaHHS Mo-
BEPXHEBMX BNIACTUBOCTEN BOSIOKOH Ta iXHbOI 30aTHOCTI
00 3axXUCTy BiA Aii 30BHILHIX YMHHMKIB [15], TOBTO
MatoTb BNacTUBICTb 3MiLIHIOBATU CTPYKTYPY BOJTOKOH,
3MEHLLYBAaTM IXHIO MPOHMKHICTb Ta NiABULLYBaTK Mil-
HiCTb Ha po3puB [2].
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Tabnuus 2. CniBBiAHOLLEHHS CTPYKTYPHUX NPOTEIHIB Y TOHKIN BOBHI, % (M+SD, n=4)
Table 2. Ratio of structural proteins in fine wool % (M+SD, n=4)

dpakLii npoTeiHiB

Mopopa / Breed

dpaHLy3bKuii NakoH
French lacaune

; ; AcKaHincbka TOHKOPYHHa XapKiBCbKU TUM NOPOAU NpeKkoc Onibc
P fi

rotein fractions Ascanian fine-woolen Kharkiv type of prekos OLIBS
MpoTeinu iHTepmeaianbHux dinamenTis | (55-65 kfa) o —
Proteines of intermediate filaments | (55-65 kDa) EOAAEDALE SHLEELLLE 30,010,451
MpoTeinu iHTepmeaianbHuX dinamenTis |l (45-55 k[a)
Proteines of intermediate filaments 1l (45-55 kDa) £ e 2012 SRS ST
KepaTuH-acouinoBaHi npoteinun (25-35 kfa) 30.32+0 989 330542 647 32 69+0 178*

Keratine associated proteins (25-35 kDa)

34,441,672
34,29+1,111

31,27+1,435

lMpumimka. MNMopiBHAHHSA A0 ackaHiMcbKoi TOHKOPYHHOI nopoau: * — P<0,05, ** — P<0,01, *** — P<0,001. / Note. In comparison with the Ascanian fine-woolen breed. * — P<0.05; ** — P<0.01; *** — P<0.001.

Ta6nuus 3. CniBBigHOLLEHHS CTPYKTYPHUX NPOTEiHIB y rpy6in BoBHI, % (M+SD, n=4)
Table 3. Ratio of structural proteins in coarse wool, % (M+SD, n=4)

dpakuii npoTeiHiB

Protein fractions YKpaiHCbKa ripcbkokaprnaTcbka

Ukrainian Carpathian Mountain

ACKaHINCbK1A NOPOAHUIA TUN
GaraTornnigHWx KapakyrbChkyX OBELb
Ascanian type of multifetal garaqul

Mopopa / Breed

ByKOBMHCBHKUI TUM acKaHINCbKOT
KapaKynbCbKOi mopoaun

Bukovynian type of Ascanian garaqul

CokinbCcbka CMyLLKOBa
Sokilka lambskin

MpoTeiuu inTepmenianbHux dinamenTis | (55-65 ka) 22,88+1,985
Proteines of intermediate filaments | (55-65 kDa) 24 41+3,491
MpoTeinu iHTepmeaianbHux dinamenTis |l (45-55 k[a) -
Proteines of intermediate filaments 1l (45-55 kDa) AE 2R
KepaTuH-acouinoBaHi npoteinun (25-35 kfa) 26,4742 424

Keratine associated proteins (25-35 kDa)

32,910,440 31,45+0,918
33,41+1,352** 35,96+2,227
33,68+1,257 32,59+1,436

31,72+1,516

38,01+1,660

30,27+3,010

lMpumimka. TopIBHAHHA 0 COKINbCbKOT CMYLLKOBOI nopoau: * — P<0,05, ** — P<0,01, *** — P<0,001. / Note. In comparison with the Sokilka lambskin. * — P<0.05; ** — P<0.01; *** — P<0.001.

Tabnuus 4. CniBBiAHOLEHHS CTPYKTYPHWX NPOTEIHIB Y HANIBTOHKi BOBHI, % (M+SD, n=4)
Table 4. Ratio of structural proteins in semi-fine wool, % (M+SD, n=4)

®pakuii npoTeiHis
Protein fractions MepuHonanawad [MpuaHinpoBcbka M’AcHa

Merinolandschaf Prydniprovska meat

Mopopa / Breed

AcKaHilicbka M'ACO-BOBHOBA, ACKaHiliCbka M'SCO-BOBHOBA,
YOPHOTOSIOBUIA TUM KpocbpeaHuin Tun
Ascanian meat and wool, Ascanian meat and wool,

black-headed type crossbred type

ByKOBMHCBKMI TMN ackaHincbKoi
M'sICO-BOBHOBOI 3 KPOCOPEAHO BOBHOH
Bukovynian type of Ascanian
meat and wool with crossbred wool

MpoTeinn iHTepmeaianbHux inamenTis | (55-65 kfa)

Proteines of intermediate filaments | (55-65 kDa) S2FIHLS L2
MpoTeinu iHTepmeaianbHux dinamenTis |l (45-55 k[a)

Proteines of intermediate filaments Il (45-55 kDa) ST B S5 S TR D
KepaTtuH-acouinoBaHi npoteinu (25-35 k[a) 29 441 124 30.4142.301

Keratine associated proteins (25-35 kDa)

23,62+1,145
31,750,739
24,61+2,678
25,29+0,623 *** 32,650,488

26,21+1,179* 35,6+1,169***

30,9+1,124*

36,03+2,867

32,11+4,626

lMpumimka. MNopiBHSHHA 0O MepuHonaHawadHoi nopogu: * — P<0,05, ** — P<0,01, *** — P<0,001. / Note. In comparison with the Merinolandschaf. * — P<0.05; ** — P<0.01; *** — P<0.001.
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CniBBiHOLEHHS CTPYKTYPHWX MPOTEIHIB Y BOBHI OBELLb 3a1€XHO Bifl 30H iX PO3BEAEHHS
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The ratio of structural proteins in the wool of sheep of different breeds and with different categories of fibers
depending on the zones of their breeding

P. V. Stapay, T. V. Buslyk, V. V. Mykhaliuk, N. P. Stakhiv, O. O. Smolyaninova, I. V. Nevostruyeva, R. G. Sachko, A. V. Skorokhid, N. |. Pakholkiv
tvbuslyk@gmail.com

Institute of Animal Biology NAAS, 38 V. Stus str., Lviv, 79034, Ukraine

Wool fiber consists of a complex of protein-keratins, which differ in both their physical and chemical properties and functional characteristics.
Despite the progress achieved in the study of the structural organization of fibers, the issue of the influence of environmental factors, the nature and
level of nutrition, as well as breed characteristics, remains poorly understood. With this in mind, we investigated the ratio of structural proteins in the
wool of sheep of different breeds, which are bred in separate zones of Ukraine, in particular, fine-wool, semi-fine-wool, and coarse-wool. Therefore,
during the study of the structural proteins of the wool of sheep of different breeds, which differ among themselves in the thinness of the fibers, it was
established that by the method of electrophoretic separation, these proteins are clearly divided into three different groups, in particular, these are
proteins of intermediate filaments (IF) of | and Il types with a molecular weight of 55-65 and 45-55 kDa, respectively, as well as keratin-associated
proteins (KAP) with a molecular weight of 25-35 kDa. However, in some breeds, in particular, the Askanian meat-wool of the black-headed type
and the Ukrainian Mountain Carpathian type, two more fractions of proteins were found among IF type |, which aimost do not differ from each
other in terms of percentage. It was established that within the studied groups of sheep, certain interbreed features are observed, so in the group
of thin-wooled breeds, the largest percentage falls on IF 11 (35.9%). The other two factions account for almost the same percentage — 32.1% (IF 1)
and 31.8% (KAP). An aimost similar picture of the ratio of protein fractions was recorded in the group of animals with coarse wool. At the same time,
in the group of sheep with semi-fine wool, in particular, the fibers of sheep of the Ascanian meat-wool breed have the highest percentage of KAP
and, accordingly, less IF I, and in the fibers of the Ascanian meat-wool black-headed type, respectively, less proteins of IF Il and KAP. Therefore,
the obtained data clearly indicate breed characteristics of the content and ratios of certain groups of proteins, which can be genetically determined,
and therefore serve as appropriate markers both within individual breeds and within breeds with different fiber categories.

Key words: sheep, breed, wool, structure, proteins, Sulfur, electrophoresis
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EBontouinHi 3MiHU cipoi yKpaiHCbLKOI nopoau

B. Kosup', O. KpacHopyubkuti?, €. PydeHko?, O. eHuctok’, C. OnitHUK'
izkzo03337@gmail.com

OPEN aACCESS

'NepxaBHa ycTaHoBa «IHCTUTYT 3epHoBKX kynsTyp HAAH», Byn. Bonognmupa BepHaacbekoro, 14, m. [Hinpo, 49027, YkpaiHa
2lHcTMTYT TBapuHHuuTBa HAAH, Byn. TBapuHHukiB, 1A, M. Xapkis, 61026, YkpaiHa

HaBeaeHo Makpo- i MiKpOEBOIHOLIiVHI 3MIHM CipOI YKpaiHCbKOI
nopoau 3a octaHHi noHag 100 pokiB, siki MOXXHa BMKOpUCTaTKH
B CENeKUiINHO-NNEeMIHHI poBoTi ANnst 36epeXKeHHs1 HasiBHOI reHO-
doHaHOI nonynAii i B il nogansLwoMy BUKOPUCTaHHI Y MOTOYHUIA
yac, a Takox ByayTb KOPUCHUMU Yy NMOPOAOTBOPHOMY MPOLIEC He
Tinbku B YkpaiHi, a 1 B iHLLKX KpaiHaXx. [py LibOMY TBApUHU i HaBITb
poauHw, siki 6ynun cnabkumm, xsopobnuemmMM i He BignoBiganu
BUMOram Mporpamu ii po3BUTKY i 30epEXXEHHS], BUPaHXpOByBa-
n1ce i He Bpanu yyacTi y posBefeHHi. [MopiBHSHO 3 TBAapUHaMK-
aHanoramu, siki BUOynu 3i ctaga, Baanocs noninwmT B icTopuyd-
HOMY acnekTi Aesiki eKCTep’epHi MOKAa3HNKM — OOBXMHY Tyny0a,
LUMPUHY B KryGax i obxeaTt rpyaen, Lo BigoOpas3nmnoch Ha >XuBil
maci xynoow. [ly>xke Benvike 3Ha4eHHs Mornsirae B TOMY, LLIO A5 Hei
XapaKTepHi BUCOKi BiATBOPIOBAsIbHI BIACTVMBOCTI (BUXig TeNAT cTa-
HoBuTb 97-98 Ha 100 kopiB, YOro HeMae B XOAHI M'SICHI cheLia-
ni3oBaHii nopogi CBiTy) i BigMiHHI MaTtepyHCbki SKOcTi. [Mpun LsomMy
3bepernacs MiLlHa KOHCTUTYLsI, CTIMKICTb 0O 3aXBOPOBaHb, Apib-
HOMMIgHICTb | OBPa NPUCTOCOBAHICTb A0 CYXOr0 XapKOoro Krimary,
6e3nacoBULLHOIO YTPUMAHHS 1 €KOMOMYHMX KOPMOBMX | TEXHOIO-
riYHMX YMOB CTEMNOBOI 30HM YKpaiHu. 3a NOAOBXEHOro nepiody Bu-
POLLyBaHHS TBApWH 3a BigroAiBerbHoto sikicTio (byranui 30 micsauis
Ha Bigrogieni noHag, 1000 r/ooBy) i 3abinHrMK NokasHkamu cipa
yKpaiHCbka Nopoda He MOCTYNAETLCS KNACUYHUM M'SICHUM MOpPo-
Jam CBiTy — 3abilHuiA Buxig, 3pic 4o 60%. AnosuyunHa 3a KyniHap-
HMMW | CMaKOBMMM SIKOCTSIMM OLIiHIOETBCSA Y 4,5 Gana 3a 5-6anb-
HOHO LLIKaror, hopMyeTbCS MapMypOBICTb M'Sica, LLIO NpMBatnioe
nepepobHuka i cnoxusaya. Bucoky ouiHKy Mae Lkipa TBapuH:
BXXE B OOHOPIMHOMY BiLlj OyraiLiB LLKIpY 3apaxoByHOTb 4O KaTeropii
BaXKKMX (NoHag 25 Kr), Lo J03BONSAE BUKOPUCTOBYBATH i ANs BUro-
e TOBINEHHS BVICOKOF-IKiCHO'I' I'I.[.)OﬂyKLl,i'I'. 3a cykynHocTi rocnop,apCbK?
None. KOPVCHMX O3HaK Cipa yKkpaiHCbka Xyaoba HanexuTb A0 Kateropii

M’ICHOI | CMPUSIE CTAHOBITEHHIO M'SICHOIO CKOTapCTBa B AEPXKaBi.
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BeTtyn

Y KfiacM4YHOMY PO3yMiHHI HAayKOBL,i cchopMyntoBanm
€BOMIOLLII0 SIK NPUPOOHUIA NPOLIEC PO3BUTKY >KUBUX iCTOT,
SKUIA Nig BNSIMBOM HaBKOMNULLHLOIO cepeaosuLla i Bu-
POBHMYO-rOCNoAapHoi AiNbHOCTI NMIOQMHN CYNPOBOLXKY-
€TLCS PIBHUMW 3MIHAMW FrEHETUYHOIO CKNaay nonynsuin

The Animal Biology, 2024, vol. 26, no. 1

i POpMyBaHHSAM HOBUX BUOOYTBOPEHb Ta BUMUPAHHSAM
cnabkux BUAIB 3 NepeTBOpPEHHAM ekocucteM i bioccepu
3aranom [1, 19, 35, 32]. OgHMM 3 iCTOpUYHUX NPUKITagiB
LIbOro € eBOroLLiS Cipoi yKpalHCbKOI Mopoay BENMKOI pora-
ToI Xynoow. LlinecnpsimoBaHa HapogHa cenekuiriHa pobota
3 Heto Oyrna posnovara Bif, o4oMaLLHEHHS AVKOTO Typa 3 Ya-
CiB [0ICTOPWYHOI TPMMINBCHKOI KyNBTYpy, MPOOOBKYBarachb
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Ko3up B., KpacHopyubkun O., PyaeHko €., leHnciok O., OniiHnk C.

EBO/IFOLIHI 3MiHM CipPOT YKPAIHCbKOI Nopoaun

3aBodYMKaMU Y HacTYMHi Nepioau i TpMBae Ha HayKoBiW
OCHOBI B HaLl Yac. Mpu oMy BUKOPUCTOBYHOTE KITaCUYHI
300TEXHIYHI MEeTOAN OOCHIAXKEHHS, a TaKOX MeToaun
MapKep-acoL{ioBaHoOI cenekyii. BoHa € npogykTom TpmBarnoi
eBortoLji, Ikui 36epir GionoriyHi 03HaKW | He3aMIHHWIA He-
MOBTOPHUI KOMMIIEKC reHETUYHMX acouiauin [4, 43, 25].
Cipa ykpaiHcbka xynoba mae crnaBeTHy icTopito. PaHiwe
Heto (Byrasimu i KopoBamun) opanu 3emnto, ii gapysanu
MOBaXKHWUM, BMIIMBOBMM iHO3eMusAM. BoHa gaBana nto-
OsIM M’SICO | MOFOKO, SIKi nocTadanm i 4O LapCbKoro CTory.
TBapWHW NpUKpaLLan MiKHapOaHi i BITYX3HSAHI BUCTaBKM
" aykuioHn. BoHa nponwna gocute cknagHe nopoao-
YTBOPEHHS! | 3apa3 € OAHIEL0 3i criewianizoBaHMX M'ACHUX
nopig YkpaiHn. Ha it ocHOBI CTBOPEHO NepLuy HaLlioHarnb-
HY YKpaiHCbKY M’SICHY MOpPOAY BENUKOI poraToi Xyaoou
i Aekinbka Mm'scHux Tunie [45, 2, 7, 15].

MeTta poboTn — BMBYUTU OCOONMBOCTI hOPMYyBaHHSI
€BOIOLNHNX 3MiH Cipoi YKpaiHCbKOT Xynobu 3a ocTaHHi
OEeCcaTnpivys it po3BedeHHs.

MaTtepianu i meToaun

Y pocnigykeHHi 6yno BUKOPUCTaHO PETPOCTEKTUBHUN
aHani3 gaHux 300TEXHIYHOro 06MiKy TBapuH, NMPoBeAEHI
FeHETWYHI JOCHIMHKEHHS 3@ CydacHMMU meTodamu [5, 9,
23, 24, 25, 29, 30]. OcobnumeocTi hopmyBaHHS OyaoBm
Tina cipoi ykpaiHcbkol Xynobuv B jocnigax BuBYanu 3rig-
HO 3 YUHHUMWN HOPMATUBHUMU JOKYMEHTamu [26, 28].
BioximiuHi gocnigXeHHs cMpoBaTKkX KpoBi NpoBoaunu
3a 3aranbHONPUAHATMMK MeTogamm [22].

ETonorito cipoi ykpaiHCcbKol nopoau BuBYanu 3rigHo
3 meToaukoto, HasegeHoto C. O. OnivHmk [31]. OBpobKy
JaHuX MpoBoAMNM 3a AONOMOIrOK KOMIM IOTEPHOI Npo-
rpamun SPSS-20.

Pe3ynbraTu 1 06roBopeHHs

[ns cipol ykpaiHCbKOI MOPOAN XapakTepHi MiLHa KOH-
CTUTYLIS, MILLHWI KiCTSIK, CTIMKICTb 4O 3aXBOPIOBaHb, BU-
COKWI piBeHb aganTauii, BigMiHHa NPUCTOCOBAHICTb 40

Puc. 1. Byran-nnigHuk cipoi ykpaiHCbKoi nopoam
Fig. 1. Gray Ukrainian bull
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CYXOro >apKoro Knimaty i 6e3nacoBu1LLHOIO yTPUMaHHS,
€KOmMOorivyHMX, KOPMOBUX i TEXHOMOTYHNX YMOB CTEMOBOI
30HU YkpaiHu [40, 13, 16], a TakOX BUCOKa KOHBEpPCIA
KOPMIB i BiATBOpIOBanbHi AKOCTI, BigrodiBesbHi Bnactu-
BOCTi Ta 3a6ilHi NoKa3HWKK, KyriHapHi i CMaKOBi AKOCTI
ANOBUYMHM, SKi NpMBabNoTL NepepodHMKa i CNoXK-
Baya, L0 CrpuUsie CTaHOBMEHHIO M'ACHOrO CKOTapCcTBa
y Aepxasi (puc. 1, 2).

TBapWHU KPYMHi, CBITNOI MacTi 3 TEMHOIO CTPIYEYKO0
no XpebTy, HaBKOMO o4en — TeMHI «okynspuy». Hocose
[3epKaro, OKpyrmi i TOHKi poru, Konuta, BynbBa — TEMHI.
Tino gosre 3 rapMoHinHO obpe Po3BUHYTUMM M’ S3aMU.
Mpyowm rmuboki. Kpwxi gewo 3asuvcni. lonoea nerka, wu-
POKMI N0B6, Ha IKOMY poCTe «rpuBKay. KOHCTUTYLSA MiL-
Ha, Ta3 LWWMPOKUK, CNMHA piBHA, KiHLiBKM BUCOKI. XKuBa
Maca NOBHOBIKOBUX KOpiB cTaHOBUTbL 620—630 «r, By-
raiB — 940-950 kr. CepeaHbogo00Bi npmupocTu byran-
uie Ha sigroaieni caratotb 1200 r. CepegHsa TpmBanicTb
BUKOPUCTAHHA — 7 POKiB. Y KOPIiB BUCOKA MOJSOMYHICTb,
nicnsi nepLUoro oteny BoHa ctaHoBuUTb 230 Kr, 4pyroro
i TpeTboro — 280 kr. TensATta HapoO4XKyHTbCSA By3bKO-
TiNMMK, O CNPUSIE NErkKOCTi OTENEHHS.

Porb nopoau 36inbLyeTbes Y 38’A3Ky 3 TUM, LLIO B XOAi
€BOIOLNHOMO MpoLEecy 3 KOXHUM POKOM PU3MK BTpaTu
HasIBHUX FEHETUYHNX PECYPCIB HE 3HIKYETBCA Yepes npu-
pogHuiA BiAdip, SK B iHLLMX aBTOXTOHHWX MOPOAAX CBITY.

Y 3B’43Ky 3 TUM, L0 YacTMHa abopureHHMx nopia
OnMHUNAacs Ha Mexi 3HUKHEHHS, CBITOBa HayKoBa Cnifb-
HOTa BU3Hae npobnemy 36epexxeHHs CenekuinHo-reHe-
TUYHNX PecypciB TBAPWH OOHIEI0 3 HANaKTyanbHiLWNX
NS cydacHoro CinbCbKoro rocrnogapcTaa. Bpaxosytouu,
LLIO aBTOXTOHHA Cipa yKpaiHCbKa nopoda Benukoi pora-
TOi XygoOu Tex € B 30Hi pu3uKy, BepxoBHa paga YkpaiHu
NPURHANA HU3KY 3aKOHOOABYMX aKTiB 3 LIbOro MUTaHHS,
4YnM 3acBigumna nNpPioOpUTETHICTb 3a3HaveHoi Npobnemm
SIK OQHI€El 3 HanBaxxnMBiwux [6, 17, 33, 46].

['onoBHe 3aBOaHHs 30epeXxeHHst reHohoHay nonsrae
He Tinbkun B 30iNbLUEHHI YCEeNbHOCTI NOrofiB’a i Koro Npo-
OYKTUBHOCTI, @ M y cTabini3auji KinbKiCHUX i IKICHMX O3HaK,
reTepo3nroTHOrO CTaHy, PE3MCTEHTHOCTI | XapakTepHUx
A1 Topoan 0cobnMBOCTEN y NOAanbLLIOMY €BOSIOLIN-
HOMY PO3BUTKY.

Puc. 2. KopoBsu cipoi ykpaiHCbKOI TOpoaun 3 Tensatamun
Fig. 2. Gray Ukrainian cows with calves
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Ha [epxaBHe nignpnemcteo «[JocnigHe rocno-
AapcTBo ,[lonmeaHiBka”» IHCTUTYTY 3€pPHOBUX KYTLTYp
HAAH noknapgeHa aoyxe BignosiganbHa gepxxaBHa Mi-
Cist — 30epexeHHs1 y BUPOOHNYMX YMOBAX LIbOrO L{iHHO-
ro HauioHansHoro HagbaHHs. MignpuemcTBoO 3acHoBa-
HO Ha 6asi KonMwHBoro nomiwmka KaweHka y 1921 p.
Hapatoun ocobnmBo Benvke 3Ha4YeHHS HasIBHIiA nomny-
nauii, gepxaea 3 noyatkom Il Ceitosoi BiviHu 800 ronie
OCHOBHOIO CTafa eBakyloBana B KasaxcTtaH, a nicns
3aBepLUEHHS BiliHM Byno noBepHyTo Nuwe 117 kopis
i yoTupwm Byrai. 3apas TyT HanivyyeTbcs 847 ronis, 30-
Kpema 266 kopiB. 3a XXMBOK Macow CTafo BUPIBHSHE,
3aBO/[CbKOI BroOBaHOCTI.

OcobnuBo HeraTMBHUIN BNMNB HA YNCENBHICTb
norornie’a BigbyBCs Mig Yac BOEHHWUX nogint XX cToniTTs,
a TaKoX BHACNOOK CXpeLLyBaHHSA Cipol YKpaiHCbKOI no-
poaun 3 IHWWMWU BITYUSHAHUMW 1 IHO3EMHUMM iIMMOPTHU-
MW NOpoaaMM Pi3HOro HanpsAMy NPOAYKTUBHOCTI. AHani3
3MiH KinbKocTi TBapuH 3a noHazg 100 pokiB CBig4UTL Npo
3HaYHe il 3MEHLLIEHHs1 40 CborofeHHst (Tabn. 1).

Y 38’A3Ky 3i 3aMiHaMK HanpsiMy crievjanisavii cipoi ykpa-
THCbKOI Mopoay Benukoi poratoi xyaobm (y 1955 p. TBapuH
Liei nopoaun nepeseneHo 3 kareropii «podoyvar y karte-
ropito «M’sico-poboyay, y 1960 p. — «M’ACO-MOroyHay,
y 1970 p. — «Momno4Ho-Mm’sicHa», y 80-x pp. — «cneujani-
30BaHa M’'siCHa») 3Ha4YHO CKOPOTMINACH Ti YMCESBHICTb.

Y 3aMKHYTI nonynsii BaxKMMBO NPOBECTU BHYTPILLHBO-
nopoaHy AvdoepeHLiaLlito CTPYKTYPHUX OAMHNLL 3a OKpe-
MUMU CeNneKUiHMMM O3HaKamn. ToMy, KpiM BU3HAYEHHS
FEHETUYHMX NapaMeTPiB COMaTOMETPUYHMX MOKA3HHKIB,
JOUiINbHO NPOBOAUTM aHarni3 Po3noainy YacTok, ki, He-
3BadkalouM Ha Brnsbki cepeaHi 3Ha4eHHs, CyTTEBO Bia-
Pi3HSIOTLCA Y Pi3HUX MiHIN. Y NNeMiHHiA poOoTi ogHUM
3 OCHOBHUX € Bigbip 3a reHeTUYHMMU, CEeNEKUInHNMU,
TEXHOMNOrYHUMM o3Hakamu [10-13, 16].

MonynsauinHo-peHeTMYHMI aHani3 cTaga CBigYUTb,
LLIO Cy4acHOMY MaTto4yHOMY MOrOJiB’'l0 XapaKTepHi Cim
TMNIB MacTi, OCHOBHO 3 dkux € A1 — cipa (54,0%).
3abapBneHHs ronoBm NpeacTaBieHo AEB'ATbMa TUMNaMu,
OocHOBHUMU cepep HUX € B8 — cBiTno-cipe Bonoccs
Ha DPOHTANbHIN YaCTWHI, TEMHO-Cipyi HK3 (35,1%) Ta
B1 — nosHicTio cipa (21,4 %). 65,5% kopiB HecyTb dheH
C1 (4opHi «okynsipu» HaBkono oyein), 94,0% — dpeH D1
(BiocyTHE YopHe obpamneHHsi Ha Byxax, 58,9% — deH
F2 (BigcyTHin 3aBUTOK LWepCTi Ha nobi), 6,5% — deH G1
(ropboHocicte — carangada mopaa), 83,3% — ceH H1
(cBiTno 3abapeneHe KinbLie HaBKOo HOCO-ryBHOro A3ep-
kana), 94,6% — dpeH K1 (nignanvHu TemHo-ciporo, yep-
BOHO-CIpOro Konbopy Ha Tyny®i i kiHuiBkax). 64,3% kopis
MatoTb CBITNMIM pemiHb Mo xpebTy (13) Ta 73,2% — YopHe
3abapeneHHs BynbBu (J2). 3a deHorpynoto L (poano-
Ain CBITNMX | TEMHUX AiNsHOK 3abapBreHHs NOKPOBIB)
y 36,3% noronis’a Tyny6 3abapeneHuii piBHomipHo (L3),
34,5% mae «b6opcyumn Tun 3abaperneHHs» — BEpX CBIT-
nun, H13 TemHun (L1) Ta y 29,2% KkopiB nepegHs Tpe-
TuHa Tynyba TemHa (L2). dopmyny yMOBHOI TMNOBOI
(HanyacTiwi cheHn) cy4acHoOi KOPOBM MOXHA 3anMcaTu
Tak: A1B8C1D1F2G2H11213J2K1L3.
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Tabnuusa 1. QuHamika yncenbHOCTI Moronis’a xyaobwm
Cipoi yKpaiHCbKOI Mopoaun Ha TepuTopii YkpaiHu

Table 1. Dynamics of the gray Ukrainian cattle population
on the territory of Ukraine

Poku YucenbHicTb, TUC. roniB % A0 3aranbHOro noronis’s

Years Number, thousands % of the total population
1900 5800,0 75,3
1916 2800,0 36,6
1939 101,6 43
1955 203,0 3,7
1960 196,0 2,0
1970 2,516 0,7
1980 2,112 0,4
1990 2,037 0,3
2000 0,891 0,1
2010 0,897 0,1
2020 0,858 0,1
2023 0,863 0,1

IMyHOreHeTU4YHUI aHani3 cTaga Nokasye, Lo cepen
nopoaocneundiyHmx anenei € B, B2, G3, J1, Q, T1, G2,
K, V, E, O. KoediuieHT roMo3nroTHoCTi ansa cuctemun B
ctaHoBuTb 0,14, WO CBIAYNTbL NPO AOCTATHIO FEHETUYHY
Pi3HOMaHITHICTb. AHani3 GioxiMivHMX MapKepiB NPoTeiHIB
CMpOoBaTKM KPOBI MOKasye, Lo anbByMmiH i noctansoymiH
BUSBNEHO Y TpboX doeHoTunis AA, BB, i AB, nocTtpaHc-
dopmm — Tex y Tpeox deHotunis FF, FS, i SS. 3a remo-
rnoGiHOM yci AocnioKeHi TBapMHKU cTaga MatoTb Tun A.
3a pecTpuKUinHMM aHanizom mitoxoHapianbHoi AHK
noniMmopdiamM BUSIBNEHUI TifNIbKN 3a €HAOHYKeasot
Eco 471. To6To 3aBAsiIKM CcenekLiiHin poboTi CTBOPEHO
36anaHcoBaHWi, CTabiNbHUIA Ta YHiKarbHWIM NONiMOPCOHWIA
reHom nopoau. Bncokuin piseHb reHETUYHOI Pi3HOMaHIT-
HOCTI Y CTafi NOSICHIETLCA Ai€to NPUpPoaHoOro fodopy,
AKVIN 3anobirae 3HYKEHHIO pe3epBy CNaaKoBOi MHIMBOCTI.
Mpu ubOMyY BHYTPILLHLOrEHHI pekombiHaLii cnpusoTb
CTBOPEHHIO HOBMX arnenis..

3a ocraHHi 80 pokiB 3 49 aHTUreHiB cMcTeM rpyn Kpo-
Bi CTano MEHLLE Ha OOVH EPUTPOLMTAPHUIA aHTUMEH «Z»
B A-cucTemi i «J» — B B, HanbinbLL iHopMaTuBHIn cuc-
Temi, 341 aneni sanuwwunnocs 24, 3 16 ocnigHMX NoKycis
BOANOCS BUSBUTU NULLE MATb anenen 3 yCiX MOXIMBMX
doeHoTMNIB, 30KpeMa TpU PiaKiCHUX TpaHcdepuHn dheHo-
TMny anbbymiHy i ABa — noctanbbymiHy. [ewo 3a-
CMOKOKE HU3bKMI KoedilieHT romo3nroTHocTi (0,14),
LLO CBiQYMTb NPO OOCTATHE FrEHETUYHE Pi3ZHOMAHITTS.
Tomy Ansi CTBOPEHHS BUCOKONPOAYKTMBHOIO ctaga
KIHOYOBUM € LinboBui Biabip [47, 48, 18, 38].

[eHeTUYHI pecypcn — HaMUiHHILLWA ckapb y TBapuH-
HUUTBI. MNopoaa 30eperna GionoriyHi 03HaKM | He3aMiHHWIA
HEMOBTOPHMI KOMNIEKC reHeTUYHUX acouiauin. Xynoba
Jocsrae noganbLUOoro PO3BUTKY i 3aKpIiNneHHst CeneKLinHo-
reHeTM4HMX ocobnueocTen. baTbku CTiMKO NepenaoTb
HaLLa[Kam no3uTuBHI BNacTusocTi. i yHiKanbHIicTb nons-
ra€ B TOMY, LLIO € HOCIEM OKpeMUX reHiB i cneLmdivHnx
FEHHMX KOMMMEKCIB, epUTPOLIMTapPHMX aHTUIEHIB i pe3ep-
BYapOM CMaJKoBUX SIKOCTEN, SKUX HEMAE Y >KOOHIN i3 Ha-
ABHWX Yy CBITi nopigd. A came ToMy NOpOoAi NnpuTamaHHa
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BMCOKa ycrnagkoByBaHHICTb (r = 0,68) Takmx 03HaK, 5K Big-
MiHHa eKosoriYHa aganTUBHICTb, MPOMOPLHICTL OyaoBM
Tina, Pe3NCTEHTHICTb, JOBOMITTHA, CTPECOCTINKICTb, BPIBHO-
Ba)X€HWU TEMMNEPAMEHT, JTErkicTb OTENEeHHs, Jobpo-
3NYNMBI MAaTEPUHCBKI AKOCTI, iIHTEHCMBHA AOBropoc-
NiCTb Ta rapMOHIHICTb PO3BUTKY M’AI3iB.

Kpawmmm GionoriyHMMKM mapkepammn ctaHy nopoau
€ BioximMiyHi NoKa3HWKKM cupoBaTKM KpoBi. Pesynstratu
[OCHNIMKEHHS BIOXIMIYHMX MOKA3HUKIB CMPOBATKUN KPOBI
MOMOAOHSIKY CipOI YKPaiHCbKOI MOPOAM Pi3HUX reHOTUMIB
3a reHamu ropmoHy pocTty (GH), nponaktuHy (PRL) Ta
nentuHy (LEP) npegcrasneHi B Tabn. 2—4.

OpepkaHi pesynsraTtv XxapakTepuayloTb BionorivHi
npouecu, ki BiadyBaloTbCA B opraHiaMi. [1eBHa pisHuLs
NMOKa3HMKIB CBIiAYMTb NPO Pi3HU piBEHb IHTEHCUBHOCTI
MeTaboniamMy reHoTUMIB, Xo4a BiNbLUICTb 3 HUX 3anuLua-
€TbCs B Mexax (i3ionoriyHoi HopMu, Lo NigTBEPAXKYE
30epexeHHst 3aranbHOro roMeocTaasy.

[MonireHHo 3yMOBIEHI KiNbKiCHI 03HaKku 0GyMOBIeHi
rMMOOKUMK 3MiHaMK OOMiHY peyvyoBUH, LLO Bigobpaxa-
€TbCSA Ha reMaTornoriYHOMy CTaTyCi OpraHiamy i HesHa-
YHUX MDKIIHIMHUX KONMBaHHSX (Tabn. 5). Y reHeTnuHin
CTPYKTYpi xyaoba AocnigHoro craga HanexuTb 40 ABOX
niHin — MeTywka 191-Y (62% maTo4YHOro NOronis’s)
i WampiHa — XY-41 (38% kopiB) Ta 20 poguH.

AnbOyMmiHN, nocTanbBbyMiH i nocTTpaHdopMu BU-
SIBNEHO nuLle y Tpbox eHoTuniB. 3a reMornobiHom
TBapMHM MalTb TUM «A», NONIMOPMI3M METOXOHAPI-
anbHuin AHK — Tinbkn eHgoHykneasu E-471. Y kposi
nnasma 3avmae 65%, popmeri enemeHTn — 37%,
epuTpounTn — 5-8 MnH/Mm3, remornobiH — 9-14%,
nenkountn — 5-13 Tnc/mmd.

3aBasikm cenekuinHin poboTi cTBopeHo 36anaHco-
BaHWIA, CTabiNbHWI Ta YHIKaNbHUA NONIMOPHUIA rEHOM
nopogu. Bucokun piBeHb reHETUYHOI PI3HOMAHITHOCTI
B CTafi MOXHa MOSICHUTM Jieto NPUpoaHBLOro godopy,
KU 3anobirae 3HKEHHIO pe3epBy CNaaKoBOI MiHNMBOCTI.
Mpy ubOMY BHYTPILUHBOrEHHI pekoMbiHaLii CNpusoTb
CTBOPEHHIO HOBMX arnernis [8].

Baxnuee 3Ha4yeHHs Ans yChilWHOro po3BUTKY CKO-
TapcTBa MakTh BiATBOPHI AKOCTi MaTOYHOrO MOrosiiB’s.
EkOHOMiYHEe 3Ha4YeHHS LibOro nokasHuka y M'aCHOMy
CKOTapCTBi BinbLue, HiX y MONMOYHOMY. ANOBICTb 3aBAae
rocrogapcTBaM BenuKknx 36uTkie. Lie NosicHI0ETbLCst TM,
LLIO M’ACHa KOPOBAa A€ NPaKTUYHO EANHNIA TOBapHUN
npoaykT — Tens. ToMy ofep)XaHHsA TeNATH LLOPOKY Big
KOXXHOT KOPOBM € 30510TUM MpPaBUioM peHTabensHoro
BefleHHsA ranysi [39, 42, 37, 38, 14].

OTpumaHi gocnigHi AaHi ceigyarts, WO 3a TpMBanoro
YNCTOMOPOAHOIrO PO3BEAEHHS Y HEBEMNMUKIN 3aMKHYTIN
nonynsuii cipa ykpaiHcbka xynoba 3beperna oCHOBHI
cneuudivHi 0coBnNMBOCTI: MPUCTOCOBAHICTb A0 MICLEBUX
YMOB, ApiOHONMIOHICTL | BUCOKI MOKa3HMKM BiATBOpPIO-
BarbHUX siKocTewn (Tabn. 6).

[aHi npo BiaTBOPIOBaribHi IKOCTi MOKa3yHoThb, LLO TXHIN
BMCOKUI PiBEHb O0CAraeTbCsl 3a paxyHOK TPUBAsocCTi
MDKOTENbHOro nepiody. Ak HaBegeHo y Tabn. 6, Tpuea-
niCTb MPKOTENbLHOMO Nepiogy 3meHwyeTbes iy 2022 p.
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ctaHoBuTb 308 Ai6, a cepaic-nepioa, nopisHaHO 3 1936 p.,
NPOTArOM LibOro nepiogy 3MEHLUMBCS | CTaHOBUTL 23 OHi.
Tomy 1 Buxig Tenat Ha 100 KopiB NOCTYNoBO 3pOCTaB
i yxe B 2020-2022 pp. ctaHoBuB 98-99%.

Ha nokpalLieHHs BiATBOPEHHS BMNMMHyNa eeKkTneHa
NiAroToBKa KOPIB i PEMOHTHUX TEMULb OO0 OCIMEHIHHSA.
Pesyneratu gocnigkeHb ceigyaTtb Npo BUCOKY iHTEHCUB-
HICTb BiTBOPIOBAHHA MATOK i BUCOKi 3anmnigHtoBanbHi
AKOCTi ByraiuiB, Ski CTAaHOBNATL €BONIOLIIIHE Ta Cernek-
LiiHe HapgGaHHsS nonynsauii.

3asHanu 3MiH i BignoBigHi cCOMaToMETPUYHI Mpomipu
eKCTep’epHUX NOKa3HUKiB (Tabn. 7). HeaHa4vHi konueak-
HS MOKAa3HWKIB eKCTep’epHMX NpoMipiB Tynyba TBapuH
MOXHa NOSACHUTU 3MIHOK CTPYKTYpW pauioHy. PaHiwe
(100 pokiB TOMY) Xyaoby rogyBanu nepeBaHo rpyormm
KOpMamu — COfIOMOI0 i CIHOM. Y Hall yac y paLioHax
TBapuH mamxe 50% CTaHOBNATL COKOBUTI (CUNOC, KO-
peHennoaw) i 3eneHi Kopmu, L0 HE MOTTO He BNANHYTU
MO3UTMBHO Ha CTPYKTypy Tina [3, 17, 27, 34].

3i 36inbLUeHHsM rabiTycy TBapyH 3aKOHOMIPHO 3poc-
Tanai>xuBa maca noronie’sl. [lesiki il KonMeBaHHs NoB’sA3aHi
Hacamnepeq i3 pi3HoH 3abe3neyeHicTio KopMamMm B OKpe-
Mi icTopuyHi nepiogn. KopmoBsa 6a3a, CTpyKTypa pauioHy
6e3nocepenHbO 3anexany Bif KNniMaTtn4yHOI NMoCyLLNBOC-
Ti B okpemi pokun. 3 1997 p. xunBa Maca HOBOHaPOMKEHNX
TenAaT 36iNbLUYETHCA BHACTAO0K NOMINLLEHHST PiBHSI rogieni
MaTO4HOrO NOroNiB’s Ta PEMOHTHOrO MorogHsKy (Tabn. 8).
Lle BigOyBanocb sik Ha MaTto4HOMY MoronieB’i, Tak i Ha
HOBOHapPOMKEHNX ByranLsx i Tenuykax npoTsarom BUPO-
LLyBaHHS 0 30-MiCAYHOIO BiKY, @ TAKOX TEXHONOMYHNUMMN
0COBNMBOCTAMM — PyYHE BUMOKOBAHHSI MOIOAHSKY | Ha
nigcoci, NpuB’asHe i 6e3npre’sasHe yTpyMaHHs. Arne coma-
TOMETPUYHI NOKa3HWKM POCTY i pO3BUTKY MOCTINHO Bynun
B MeXax CTaHgapTy nopoau. 3a XXMBOK Macoko Ha LibOMy
eTani cTago BUPIBHSIHE, 3aBOACLKOT BFOAOBAHOCTiI.

MopdonoriyHnin cknag Tywi 3anexuTb Big Mmacu
Xygobu. Baxki Tywi matoTb 6inbLie LiHHOI M’A30BOi
TKaHWUHWN, B HUX BULLNIA KOEILIEHT M'ACHOCTI — cniB-
BiHOLLEHHS M’I30BOI TKaHMHU Ta KiCTOK. AnoBuynHa
3 BMICTOM upy Ao npoteiHy 1 : 0,9, wo Hagae M'sicy
MapMypOBOCTI Ta Yy4OBMX OPraHofenTU4H1X ocoonu-
BOCTEM (COKOBUTICTb, HiXKHICTb i apomMaTt 3a HU3bKOT
yBapOBaHOCTI Ta iHLWMX KyriHapHUX nepeB.ar), Mae nig-
BULLLEHUI NOMUT Y CNOXMBaYiB.

Uum Baxkdi TyLUi, TUM KpaLmii iXHin MopdonoriyHui
cknapg. PicT macu napHOi Tywwi 3 BikOM TBapuH Bune-
peoxaB TemMnu pocTy nepeasabiiHoi macu (Tabn. 9).
HanpwukiHui gocnigxeHs (30 micauis) maca Tywi 6yram-
LB, NOPIBHSAHO 3 IXHBOK MACO0 Y pPiYHOMY BiLli, 3pocna
y 2,2 pasa, a nepeasabiiHa maca — B 1,9 pasa, 3okpema
3a AeHb XUTTS — BianoBiaHo, 964 i 734 r.

TexHonoria — KOMMSEeKC 3axofis, CIPSMOBaHMX Ha
CTBOPEHHS reHOTUNY | 3abe3neYeHHst BignoBiaHUX yMOB
015 NPOSIBNIEHHSA HUM FEHETMYHOIO MOTEHLiany Npoayk-
TUBHOCTI, — NOBUHHa ByTn pecypcosbepiratoHoto, eHepro-
36epiratoHot0, EKOHOMIHHOHD, EKOMOMYHO, MPUCTOCOBAHOD
00 MicLeBMx yMoB, 6e3BiaxoaHot0, 6e3neqHoto, MPOCTOo
Ta 3pPO3yMIfo AN BUKOHABLLIB.
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Tabnuus 2. bioximMi4Hi NOKa3HVKM CUPOBATKU KPOBI MOMOAHSIKY CipOi YKpaiHCbKOT NOPOAU BENWKOI poraToi Xynobu
Pi3HUX reHoTUNIB 3a reHOM ropMoHy pocTy (GH)

Table 2. Blood serum biochemical indices in Gray Ukrainian breed young cattle of different genotypes by the growth hormone (GH) gene

leHoTun / Genotype

MokasHuku BiomeTpryHi noka3Huku
Indices Biometric indices LL (n=7) LV (n=14)

3aranbHui 6inok, r/in X£Sx SR8 et
Total protein, g/L Cv. % 1,85 2,83
AnbGymiut, % X+Sx 42,85+0,796 42,23+0,557
Albumins, % Cv. % 491 4,93
Gy e, % X+Sx 57,14+0,796 57,760,557
The amount of globulins, % Cv. % 3.69 3.61
KoedpiuieHT AT X+Sx 0,75+0,029 0,73+0,016
A/G ratio Ccv, % 10,40 8,61
Anbha-roByniu, % X+Sx 15,10+1,157 12,80+1,116
Alpha globulins, % Cv. % 20.30 32,61
Anbal-rnobyniyu, % X£Sx Rl 46240,391
Alpha1 globulins, % Cv. % 20.70 31.71
RO B, X+Sx 9,20+1,34 8,17+1,037
Alpha2 globulins, % Cv. % 37.70 47 .51
Beta-rnobyniuu, % XESx 241,214 11,450,585
Beta globulins, % Cv. % 28 60 19,11

S X+Sx 30,80+1,315 33,50+1,324
Famma-rnobyninu, %
Gamma globulins, % Cv. % 11.30 14.79
Pocdop HeopraHivHUA, MMONb/N XESX 1,870,094 WS
Inorganic phosphorus, mmol/L Cv. % 13.30 11.02
Kanbuin 3aranbHuin, MMonb/n 53 2:48£0,045 IR
Total calcium, mmol/L Cv, % 4,89 4,60
Fioko3a, MMoms/ X+Sx 3,31£0,045 3,26+0,042
Glucose, mmol/L Cv, % 3,67 4,89
. n X+Sx 3,56240,137 3,4840,071
Cholesterol, mmol/L Cv, % 10,30 7,70
AT el X+Sx 27,28+1,475 26,85+1,821
AST, unit/L Cv, % 14,30 25,37
ARAT, op/n X+Sx 20,00+1,951 19,64+1,117
ALT, unit/L Cv, % 25,80 21,28
docchatasa nyxHa, on/n X+Sx 186,42+3,476 182,71+6,698
Alkaline phosphatase, unit/L Cv, % 4,93 13.71
CenoBMHa, MMORL/N X+Sx 4,070,114 3,89+0,064
Urea, mmol/L cv, % 7.47 6,17
K . X+Sx 90,57+1,962 91,07+1,126

peaTuHiH, Monb/n

Creatinine, mol/L Cv, % 573 4,62
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Tabnuusa 3. BioximMi4Hi NOKa3HVKM CUPOBATKM KPOBI MOMOAHSIKY CipOi YKpaiHCbKOi MOPOAM BENWKOI poraToi Xxyaobu
pi3HUX reHoTUNIB 3a reHoM nponakTuHy (PRL)
Table 3. Blood serum biochemical indices in Gray Ukrainian breed young cattle of different genotypes by the prolactin (PRL) gene

leHoTun / Genotype

[MokasHuku BiomeTpuyHi NoKka3HWKK
Indices Biometric Indices AA (n - 10) BB (n-2) AB (n-9)
BaranbHui 6inok, r/n X£Sx it 8195 62,800,822
Total protein, g/L cv, % 1,83 2,97
N X+Sx 43,020,710 40,70 42,180,630
Anbbyminu, %
H 0,
Albumins, % Cv, % 5,22 4,48
Cyma moByrikie, % X+Sx 56,980,710 59,30 57,81+0,630
The amount of globulins, % Cv. % 3.94 3,27
Kosdiliiekt AfT X+Sx 0,76+0,026 0,70 0,730,017
A/G ratio Cv, % 11,09 6,81
Anbda-rnobyniHun, % X£Sx 12,311,401 10,95 14,220,982
Alpha-globulins, % Cv. % 36,01 20,73
Anbdal-rnobyninu, % X£Sx R b 6.00 0.01:0461
H 0,
Alpha1-globulins, % cv, % 31,46 27,62
Anbca2-rnobyniHn, % XESX DR 10,95 $,20+1,00
H 0,
Alpha2-globulins, % cv, % 50,55 32,93
Bera-rnoyniku, % X+Sx 11,00£0,967 11,05 11,8840,708
H 0,
Beta globulins, % Cv, % 27,79 17,88
Famvia-rnoGynism, % X+Sx 33,67+1,378 31,30 31,701,663
1 0,
Gamma globulins, % cv, % 12,94 15,74
docop HeopraHivHUN, MMOIbL/M X£Sx 1,740,040 180 18620092
Inorganic phosphorus, mmol/L Cv. % 7.27 14,91
KanbLijii 3aranbHui, MMonb/n L 2,5610,040 A 2,55+0,044
Total calcium, mmol/L Cv. % 4.94 5,21
[roKo3a, MMOSb/ X£Sx SAEEE R 3,310,051
Glucose, mmol/L Cv. % 3.82 4,64
XonecTtepon, MMorb/n X£Sx SN 3,35 34120071
Cholesterol, mmol/L Cv. % 9.81 6,29
AGAT, on/n X+Sx 27,00+1,693 33,0 25,67+2,204
AST, unit/L Cv, % 19,83 25,77
ARAT, og/n X+Sx 17,801,412 24,0 21,00+1,290
ALT, unit/L Cv, % 25,09 18,44
X+Sx 190,5043,019 183,0 176,8849,818
docdpatasa nyxHa, og/n
Alkaline phosphatase, unit/L Ccv. % 5.01 16,65
Ce4oBWHa, MMOIb/I X£Sx S AR 3,95 8,96+0.079
Urea, mmol/L cv, % 8,21 6,04
KpeaTuHiH, Morb/n X+Sx 92,80+1,289 93,5 88,22+1,320
Creatinine, mol/L Cv, % 4,39 4,49
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Tabnuus 4. bioximMi4Hi NOKa3HVKM CUPOBATKN KPOBI MOMOAHSIKY CipOi YKPaiHCbKOT MOPOAN BENWKOI poraToi Xxyaobu

pi3HUX reHoTuniB 3a reHoM nentuHy (LEP)

Table 4. Blood serum biochemical indices in Gray Ukrainian breed young cattle of different genotypes by the leptin (LER) gene

leHotun / Genotype

MokasHuku BiomeTpunyHi nokasHuku
Indices Biometric Indices CC (n-10) CT (n-2) TT(n-9)
BaransHmii Ginok, 1/ X+Sx 83,02+0,510 82,07+1,650 84,8
Total protein, g/L Cv. % 253 3.48
AnbGywminu, % X+Sx 42,31+0,490 43,03+1,734 42,9
Albumins, % Cv. % 4.77 6.98
Cyma rmobyriis, % X+Sx 57,68+0,490 56,96+1,734 57,1
The amount of globulins, % Cv. % 3.50 527
Koedillierr AT X+Sx 0,730,014 0,76+0,067 0,80
A/G ratio Cv, % 8,24 15,06
Ao el O X+Sx 13,04+0,879 15,43+3,437 16,9
Alpha-globulins, % Cv. % 27 80 3857
Anbchar-rnoGyminu, % X+Sx 5,21+0,386 4,06+0,284 5,2
Alpha1-globulins, % Cv. % 30.57 12.13
Anbcha2-rnoGyminu, % X+Sx 7,8240,791 11,36+3,166 11,7
Alpha2-globulins, % Cv. % 41.70 48.24
Bera-rnobynikm, % X+Sx 11,4240,626 11,46+1,674 10,4
Beta globulins, % Cv. % 22 59 2529
e e, X+Sx 33,211,111 30,06+3,068 29,8
Gamma globulins, % Cv. % 13.79 17.67
docchop HeopraHiuHNi, MMOL/TT X£Sx 1,800,059 (R 20
Inorganic phosphorus, mmol/L Cv. % 12.72 6.67
K - - X+Sx 2,55+0,029 2,56+0,088 24
anbLin 3aranbHUidi, MMonb/n

Total calcium, mmol/L Cv, % 4,82 5,95
FioKo3a, MMOmL/ X+Sx 3,30+0,034 3,16+0,088 3.2
Glucose, mmol/L Cv, % 4,34 4,82
XonecTepon, Mmonb/n X+Sx 3,51+0,077 3,40+0,100 3,50
Cholesterol, mmol/L Cv, % 9,11 5,09
AT @il X+Sx 26,52+1,500 30,33+2,667 25,0
AST, unit/L Cv, % 23,31 15,22
AT Gt X+Sx 19,23+1,076 21,33+2,667 24,0
ALT, unit/L cv, % 23,06 21,65

X+Sx 181,1745,366 197,67+5,364 190,0
docbartasa nyxHa, oa/n
Alkaline phosphatase, unit/L Cv, % 12,21 4,70
CenoBMHa, MMONL/N X+Sx 3,92+0,068 4,03+0,120 4,20
Urea, mmol/L cv, % 7,18 5,16
KpeaTuHiH, Morb/n X+Sx 91,17+1,120 90,67+2,403 87,0
Creatinine, mol/L Cv, % 5,07 4,59
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3a CTBOpPEHHHA BUCOKONPOAYKTMBHOMO cTaga go-
LifbHi Taki TEXHONONIYHI pilleHHs, ski 3abe3nedyioTb
300pOB’St TBAPUH: CUCTEMA YTPYMaHHA — MPUB’A3Ha Ta

Tabnuus 5. BioximMi4Hi NOKa3HWKM cMpoBaTKM KPOBi OyraiLis
Pi3HMX MiHik, X£Sx
Table 5. Blood serum biochemical indices in bulls of different lines, X+Sx

Be3npue’asHa, 6GOKCOBa, Ha CyLinbHiN abo LWinnHHIA nig- TMivist / Line
nosi, Ha rnM§OK|M nipcTUnLi abo 6e3 Hef; cnocid pospa- Mokaakuku / Indices Metywka lampiwa Hopwma
BaHHS1 KOPMiB — MOBINbHUM TPaAHCMOPTOM B rofiBHUL Petushka Shamrina  Norm
abo Ha KOPMOBi CTOMM, CTaLiOHapHNM obnagHaHHsAM; EreERrT G, o B | saenes | 7o
Croci6 HanyBaHHA TBapuH — aBToHanyBanku (MA-1, MA-2), Total protein, g/L e IS
3 nigirpisom abo 6e3 nigirpisy BoAK, BapiaHT BOAOMMMLL; AnbByminv / Albumins, % 41,4%0,64 42,6¢1,22  40-50
NPuB1paHHs NpUMILLEHHS — camocnias, riaposMus, MnoGynikm / Globulins, %~ 58,6:0,63 57,4+1,21  47-76
Oynbao3ep, LWKPeOKOBi TpaHCMOPTEPY, LNMHHA MiAora; Liorr AT AJG rafi TR
f : . + + —
CTBOPEHHS MIKpOKITiMaTy crieLiianbHUM oBnagHaHHAM — Koedpivient AT ratio 740, 820,04
T = 12°C, BigHocHa BornoricTb nosiTpst 70-80%, KirnbKicTb EZI:'QS :‘é%‘?ﬁi"r']':”é/o% 12,040,69 95¢066  8-16
noBiTpsi Ha ronoy 90 m3/rof, WBMAKICTL pyxy MNOBITPSA '
0,3 m/c, ocaiTneHHs 1:10—15 (CriBBiAHOLLIEHHS MMOLL BIKOH gaawg;r"'g?ggﬂl'i”ng’ Zﬁ’ 36,2+1,43 359+049 25-40
- . , /0
Ta nnoLi nignoru) abo wtyyHe ocBiTneHHs 20 ftokc.
. - H 0,
MarioBuTpaTHa NOTOYHO-LIEXOBA TEXHOIIONS Nepea- 'X‘;;‘?}da’?glrggj?’rfs'”& % 10,4+1,40 12,0¢0,99 10-20
Oadae piBHOMIPHWIA Ta MOCNIAOBHUIA BUPOBHUYMIA NpoLec ACAT ol /AS’T L EEISE R E—
. . . . +. +.
y crieLjaniaoBaHuX Liexax: poaunbHO-NONOroBOro Biadi- CAT, op/n [ AST, unit 52, 582, 2
NeHHS!, BiNbHWI PO3BUTOK Y [EHHMKaX 3%3 M; iHTEeHCMB- AnAT, op/n / ALT, unit/L 18,7+¢1,69 2044223  10-30
HOrO BMPOLLYBaHHS TeMT Ha MiACoC i BinbHO MaTepamy; ZJHO(ccli_)aTae;]a nyz(Hta, oa/n L 167541333 191,06561 100-200
CYXOCTiliHMX KOpIB Ta HETenei; pPEMOHTHOrO MOIOAHSKY aline pnosphatase, uni
(BIJ‘IbHOFO'XOJJ,IHHFI Oyranuis Ta Tenuub), Bigrogieni monoa- éﬁgle:;ttzﬁgr,mm%/l;?fm 364011 344014 23-45
HSKY Ta BiAbpakoBaHWX AOPOCMMX TBApWH (Ha NpuB’'s3i). :
Ta6nuus 6. BigTBoptoBanbHa 34aTHICTb KOPIB Cipoi ykpaiHCbKoi nopoawu
Table 6. Reproductive capacity of the Gray Ukrainian breed cows
Poku / Years
Moka3sHuku / Indices
1936 1940 1960 1970 1980 1990 2000 2010 2020 2022
Buxig Tenat / Yield of calves, % 81 85 90 93 95 97 96 97 99 98

MixoTensHui nepioa, 4i6 / Interpartum period, days 326 321

CepsicHuii nepiog, Ai6 / Service period, days 41 36

316 313 311 309 310 309 307 308
31 28 26 24 25 24 22 23

Tabnuusa 7. luHamika ekctep’epy KOpiB Cipoi yKpaiHCbKOi nopoau

Table 7. Dynamics of the exterior in the Gray Ukrainian breed cows

[NokasHukm

Pik, aBTop / Year, author

Indi 1924 1936 1950 1990 2006 2023
naices M. H. Kynewor  |. ®. LynbxeHko I. T. BopiH J1.B.TogoBaHeup ~ B. [. FymeHHun B. C. Koaup
N. Kuleshov I. Shulzhenko I. Zorin L. Hodovanets V. Humennyi V. Kozyr
Bucota B xonui
Height at the withers 127,3 136,3 132 132,3 139,0 132
Koca poexvHa Tyny6a
Oblique body length 155,0 159,0 169 149,9 163,0 162,0
O6xBart rpynen
Chest girth 1829 188,4 186 194,0 196,0 198,0
LvpuHa rpygew
Chest width Az 43,1 42 41,2 48,0 49,0
mubuHa rpynew
Chest depth 69.9 72,4 69 714 67,0 68,0
LvpuHa B Maknakax
Width in maclocks 51,9 54,3 53 50,6 53,0 52,0
Oloisy Wiy 18,7 18,4 18,8 18,7 19,0 19,0

Wrist circumference
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Ta6nuua 8. [luHamika XvBOi Macu MOMOAHSKY Cipoi yKpaiHCbKOi nopoau, X+Sx
Table 8. Live weight dynamics in young gray Ukrainian breed, X+Sx

Poku i aBTOp / Years and author

B LIEEL I . HL?S:;?)GHKO C.C? ?(?)%MiH
Age, months 1. Nazarenko S, Kromin 1964-1965 1974-1975 1984-1985 1994-1995 2004-2005 2014-2015 2023
B. C. Koaunp A. . Kpyrnsk O. IN. Yupkosa J1. B.TopoBaveus ~ B. [1. F'ymeHHuMI B. C. oHeub B. C. Koanp
V. Kozyr A. Kruhliak O. Chyrkova L. Hodovanets V. Humennyi V. Donets V. Kozyr
Byranui / Bulls
Hgag'grpn"”"‘e””i 25,1 26,0 26,4+0,38 26,6+0,38 26,9+0,3 27,0£0,3 27,406 27,5+0,20 27,9+0,31
6 168,0 148,2 156+1,9 184+1,89 19443,2 154+2,0 155+2,6 175,4+2,70 178,0+2,09
12 321,0 2245 224+4 95 288+3,16 327+3,5 278+3,1 35249,3 309,5+4,80 267,0+3,08
18 436,0 343,8 363+21,94 38214,3 430+8,7 343+4,3 49117 .1 404,3+6,35 375,4+1,56
24 — — — — 631+24,6 608+21,7 5974245 614,2425,13 627,2+28,51
30 — — — — 667+33,1 622+28,1 668+33,7 619,4+27,43 631,7+£31,23
Tenwuui / Heifers
Eg:‘vggﬁ}o”"‘e””i 24,9 25,7 26,6£0,34 26,7+0,43 26,8+0,32 26,9£0,8 27,1+0,6 27,3+0,77 27,5+0,17
6 152,0 142,0 145%1,32 162+1,69 164+1,73 147+173,4 150+3,8 172,3+3,88 171,0+1,33
12 260,0 217,0 22042,12 274+3,23 289+2,38 271£2,9 27141 267,7+6,89 268,3+2,44
18 355 322 308+2,35 380+3,49 385+3,05 33045,2 376+6,4 372,7+6,77 369,2+2,61
24 — — — — 561+19 577+22,5 587+21,8 588,2+26,41 581,3+29,51
30 — — — — 637+28 639+32,6 647+30,6 651,4+33,26 650,7+32,64
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Tabnuusa 9. XapaktepucTtuka 3abiliHMX NoKa3HuUkiB byranuis
y 30-micsyHOMYy BiLli, X+Sx

Table 9. Characteristics of the slaughter performance in bulls
at the age of 30 months, X+Sx

MokasHuku / Indices

Pokn  nepensabiiita Mmaca Tywi,  3abiliHuil
Years  xuBa maca, kr Kr BUXig, %  BuUXig TyLUi,
pre-slaughter carcass slaughter %
live weight, kg weight, kg yield, %
1980 655,2+3,05 361,7+¢2,13 55,2+0,89 52,1+1,06
1990 662,8+2,31 374,2+1,82 56,5+0,91 52,5+0,88
2000 663,5+2,86 381,5¢1,68 57,5+0,83 52,8+0,93
2010 663,1+1,98 386,6+1,85 58,3+0,93 53,6+0,97
2020 663,5+2,32 390,1+1,93 58,8+0,82 54,3+0,92
2022 664,0+2,57 391,8+1,64 59,0+0,94 54,4+0,96

Y rpyni Tenuup, SKUX YTPUMYHOTb 3@ ManoBUTPaTHOO
TexHororieto (be3npuB’a3Ha Ha NacoBwuLLi), 3annigHe-
HicTb cTaHoBuna 95%, To4i SK y KOHTPONbHIN 3a Tpa-
OVUiHOT TexHonorii (Y BUIyrnbHO-KOPMOBOMY ABOPI) —
62% 3a BUKOPUCTaHHS TUX XXe NNiAHWKIB.

Pesynbrat Hawmnx gocnigkeHb Ta iHTerpoBaHa OLiH-
Ka eBOrnoLiMHNX NPOLECIB CIpOi yKpaiHCbKOT Xyaobu 3a
OCTaHHi NIBCTONITTSA CBiAYaThb NPO Te, WO TBApVHK CTanu
XKUTTE3AATHILLMMUK, 3pOcna BigTBOPtOBarbHa 30aTHICTb
kopiB (Buxig TensaT Ha 100 kopiB 36inbLnBCA 8o 97—99%),
LLIO NiATBEPIKYHOTH TAKOX AaHi iHLLMX AocniaHuKiB [4, 44].

CyuyacHi nigxoam y po3BefeHHi nokanbHUX Ta 3HK-
Kakoumx Mnopig BeNuKoi poratoi xynobw, i ocobnmeo cipoi
YKpaiHCbKOI Xyao6bu, 4O3BONMKM cTabinisyBaTy Noronie’s,
MoKpaLmnTN ekcTep’epHi NoKasHUKM — xygoba crana
KpynHiwoto i 6e3 ekctep’epHux Bag [20, 21].

AHanis pesynsraTiB 4OCHiMXeHb BNPOAOBX OCTaHHIX
M'SATAECAT POKIiB BKA3yE Ha 3pOCTaHHS NMOKa3HUKIB XXUTTE-
30aTHOCTI TBapyH — 306epeXXeHiCTb MOSIOAHSIKY 3pocna
00 97%, Lo crpusino 36epeXXeHHI0 BITYN3HSHOI Nnokarb-
HOI Cipoi ykpaiHcbkoi nopoaw [1, 38, 44].

OTxe, cipa ykpaiHCbka nopoaa Mae Tifnbku i nputa-
MaHHi YHIKaribHi reHeTUYHI acoLiaLyii, ki BUKOPYCTOBYHOTHCS
y Haw Yac i ByayTb KOPUCHMMU Y NoAanbLIOMY NOpoao-
TBOPHOMY MPOLIECI HE TiNbkK B YKpaiHi, a i B iHLLMX KpaiHaX.
Xymo0a cipoi ykpaiHCbKoi nopoay cyyacHoi MpuaHinpos-
CbKOI nonynsii, NOPiBHSAHO 3 aHanoramu, ski BUbynu 3i
cTafa, CTany MeHLUMMM 3a LUMPUHOLO B KIybax i obxearty
rpyaen, ogHak BUOOBKEHILLMMM 33 KOCOK JOBXUHU Tyry-
0a i KpalwmmMm 3a abCoMTHNM NPUPOCTOM XXMBOI Macu.
Cipa ykpaiHcbka nopoda Mae reHEeTUYHI, CenexLinHi, Npo-
[OYKTVBHI Ta rocrnodapcbki 03HaKK, ki 36eperra BrnpoaoBx
TUcsYvoniTh. CTpateridyHa BaXNMBICTb HASBHOT BITYU3HSIHOT
nonynsuii Cipoi ykpaiHCbKOi MOPOoAV Nomnsarae y Tomy, Lo
MaTO4He Noronis’a NPOSABISIE BUCOKI BiATBOPIOBAmbHi
MOKa3HWKM i BiAMiHHI MaTepPUHCBKI SIKOCTi.
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Evolutionary changes of the Gray Ukrainian breed

V. Kozyr!, O. Krasnorutsky? Ye. Rudenko? O. Denysiuk’, S. Oliynyk’

"Institute of Grain Crops NAAS, 14 Volodymyra Velykoho str., Dnipro, 49027, Ukraine
2Livestock Farming Institute NAAS, 1A Tvarynnykiv str., Kharkiv, 61026, Ukraine

The article presents the macro- and micro-evolutionary changes of the Gray Ukrainian breed over the past 100 years, which can be
used in breeding and selection to preserve the existing gene pool population and in its further use, and can be useful in the breeding pro-
cess not only in Ukraine, but also in other countries. At the same time, animals and even families that were weak, sickly and did not meet
the requirements of the program of its development and preservation were ranked off and not used in breeding. Compared to similar ani-
mals that left the herd, it was possible to improve some external indicators in the historical aspect: body length, hips width, and chest girth,
which influenced the cattle live weight. The important fact is that it is characterized by high reproductive properties (yield of calves is 97-98
per 100 cows, which is not found in any specialized meat breed in the world) and excellent maternal qualities. At the same time, a strong
constitution, resistance to diseases, small fetus size and good adaptation to a dry hot climate, pasture-free maintenance and ecological
fodder and technological conditions of the steppe zone of Ukraine were preserved. During the extended period of raising animals, the gray
Ukrainian breed is not inferior to the classic meat breeds of the world in terms of fattening quality (30-month-old bulls on fattening more
than 1000 g/day) and slaughter performance — the slaughter yield has increased to 60%. Beef is rated at 4.5 points on a 5-point scale in
terms of culinary and taste qualities, it has the meat marbling which attracts the processor company and the consumer. The skin of animals
is highly valued: already at the age of one year, the skin of bulls is marked as heavy (over 25 kg), which allows to use it for the high-quality
products manufacture. Due to the set of economically useful characteristics, gray Ukrainian cattle are classified as meat and contribute
to the establishment of state meat cattle breeding.

Key words: cattle, breed, evolution, conservation, genetics, selection, meat productivity, live weight
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B cyyacHomy cBiTi, e CTpec Ta 3alHATICTb € HEBIQ EMHOKO
YaCTUHOIO NOBCAKAEHHOIO XUTTH, eHepreTUYHi Hanoi cTann He
nuvLe 3acobom 3a40BONEHHS NOTpebu B eHepril Ta NigTpUMKu
XXWUTTEBOrO TOHYCY, ane ¥ CUMBOSTOM XWUTTEBOTO CTUIMIO, BaXIIN-
BUM €MEMEHTOM Cy4acHOI KynbsTypu croxusaHHs. OBiLsiHi HUMK
LUBWAKICTb Ta pesyrsraTUBHICTL NprBabntooTs yeary nokynuis. Li
Hanol Habynu NoNynApHOCTI He NULLIE cepea MOrofj, ane i cepep,
YCiX, XTO MparHe nigrpumartii CBOKO aKTUBHICTb Ta e(DEKTUBHICTb
npotaroMm gHsA. MeToto pobotun Byno gocnigntn guHamiky 3miH
piBHSA 3aranbHOro remMornobiHy i horo hopmM, 30Kkpema OKCU-,
kapbokcu-, cyrnbd-, MeT- Ta ANCTeMOrNobiHy 3a YMOB CrOXMBAHHS
eHepreTMyHoro Hanot. [JocnimkeHHs NpoBedeHo Ha Lypax-cam-
uax niHii Bictap macoto 150—220 r, siki nepebyBanu y BiBapii 3a
BiANOBIAHWX YMOB OCBITNEHHS, TEMNEePaTypPHOro pexvmy, Boro-
rocTi Ta CTaH4APTHOrO pauioHy, 3 BiflbH/M AOCTYNOM A0 KOpMY
(3 pospaxyHky nobosoi noTpebun) Ta Boau (3 pospaxyHky 20 mn
BOAM Ha ofdHoro Wwypa Ha Aoby). Jocnia nposeneHo 3 A4oTpUMaH-
HAIM BUMOT €BPONECHKOT KOHBEHLIT LLI0I0 3aXUCTY XpebeTHNX TBa-
pvH (Ctpacbypr, 1986). MNigaocnigHyX TBApUH PO3a4iNunM Ha MATb
rpyn: 1-a rpyna otpumMyBarna NUTHY BoAy (iHTaKTHWUIM KOHTPOrb),
2-5-a rpynu (gocnigri) ynpogosx Micaus WoaoboBo per oS oTpu-
MyBarnu 6e3ankoronbHN eHepreTnYHUIM Hanin «Burnx». Pospa-
XYHOK HeOOXiQHOI KinbKOCTi Hamnow Ans BBeOEHHS Ha O4HOro
LLypa NpoBoAMnuM 3 nepepaxyHky Ha 1 kr Mmacu Tina. TeapuH 38a-
XKyBanu nepep novaTkoM eKCnepuMEHTY Ta LLIOTWKHSA Ha KOXHOMY
i3 noro etanis. 3abip kposi Nposogunu B Ha 1-y (2-a rpyna),
10-y (3-a rpyna), 20-y (4-a rpyna) i 30-y noby (5-a rpyna) no 3asep-
LLEHHIO EKCNEPUMEHTY B YMOBAaX HapKo3y (BHYTPILLHLOM’ A30B0
TioneHTan Hatpito, 60 mr/kr). PiBeHb 3aranbHOro remornobiHy Bu-
3Hayanu 3a JOrNoMOror reMaTonoriyHoro aHanisartopa Mythic 18.
BusHayeHHs1 BMICTy okcuremMornobiHy, MeTremMornoBiny, cynbd-
remornobiHy Ta kapbokcureMornobiHy NpoBoavU CreKTPodoTOo-
MeTpuyHO. OTpUMaHi AaHi BKasyoTb Ha iCTOTHI 3MiHW 5K 3arasnibHO-
ro piBHSA remMornoBiHy, Tak i Koro popMm, 30KpeMa 3HUKEHHS PIBHS
OKCUreMorrnoBiHy Ta HaKoNUYeHHs AUCreMOornobiHiB — TakumX, sk
MeTreMornobiH, cyrnbdreMornobiH i kapbokemuremornobiH. Ak ceig-
YaTb OTPUMaHi HaMUW PE3yrsTaTi, CNIOXUBaHHS EHEPreTUYHOTO Ha-
Moo NPU3BOAUTL A0 MOPYLUEHHS! KUCHEBOMO rOMEOCTasy OpraHis-
MYy, PO3BUTKY TKAGHWUHHOI FMOKCIl i MOXE CMPULMHSATA CTPYKTYPHO-
hyHKLOHanbHi NOPYLLEHHS B OpraHi3aMi 3a Takux yMOB.

KntouoBi cnoBa: eHepreTUyHuiA Hanin, nabopaTopHi LWypw,
remMorno0iH, okeMreMornooiH, kapbokcuremornobiH, cynbdgremo-
rnobiH, metremornobiH, gucremornobiH
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Bctyn

B ymoBax NoCTiNHOIo TUCKY Ha AOCSATHEHHS yCnixXy
Ta BUCOKOI KOHKYPEHL}ii, EHEPreTUYHi Harnoi BUSBISAOTb-
Csl He NnuLLe Jxepenom eHepril, ane n CMMBOMOM Bipu
Y BriaCHi MOXNUBOCTI. BOHM acouitoloTbCAa 3 aKTUBHUM
Ta BMEBHEHUM XUTTEBMM CTUMEM, JAOMOMarar4m nko-
OsM Big4vyTh cebe BinbLl NpogyKTUBHMMN Ta AUHAMIY-
HUMK. Llen nigxig 4o CnoXuMBaHHSA €HEPreTUYHNX Ha-
noiB Bigobpaxae noTpeby cy4acHOI NOANHN B NOCTIN-
HOMY MiATPMMaHHI BUCOKOrO TOHYCY Ta NMO3UTMBHOIO
HacTpoto, LWob gocsaratv CBOIX Linen y pisHMx cdepax
XnTTa. OgHieto 3 Npobnem, NoB’A3aHoH0 3i 36iNbLIEHNM
CMOXMBAHHAM €HepreTM4yHUX HanoiB, € PU3NK BUHUK-
HEHHs1 CepMo3HMX NOBIYHMX edekTiB Big iX B3aemogil
3 iHWKMK pevoBrMHamun abo megukameHTamu. Hanpu-
Knag, KodeiH, KM MiCTUTbCS Yy BaraTbox eHepreTny-
HMX Hanosix, MoXKe B3aEMOZIATM 3 Nikamu, 30Kkpema aH-
TmgenpecaHTaMm, CTUMYIoYM abo NiACUIIOYMN IXHIO
4ito, Lo CTBOPIOE NOTEHLiHY HeDe3neky Ans 300poB’s
[2, 4, 8, 10]. [iTn Ta nigniTkK, KOTpi He BXuBaTb abo
ay>xe 0OMeXeHO CnoXmBaroTb KOEiH, BinbLL CXMIbHI
00 iHTOKCUKaUiT BHACNigoK BiACYTHOCTI dhapmakornoriy-
HOT TonepaHTHoCTi [5, 12]. KodelH Mae AocnTb CUbHNIA
CTUMYMOBarnbHUA ePeKT Ha LieHTparnbHy HEPBOBY CUC-
TeMy, BENUKI 4031 MOXYTb NPU3BECTU 4O MigBULLEHOT
30yAnMBOCTI, TPUBOMK, NaHIYHUX aTtak Ta HaBiTb cepLie-
BUX Npobnem. Y gopocnux, siki perynsipHoO BX1BalTb
KocpeiH, opraHiam 3gaTHuiA po3BMBaT NEBHUN PiBEHb
TONEePaHTHOCTI 0 Uboro eekTy, To6TO AN BiguyTTA
TaKOro X PiBHA CTUMYMsLii BUHMKae noTpeba B OinbLuii
KinbkocTi kodpeiHy. Ockinbku 6arato eHepreTUYHUX Ha-
NOIB MICTAITb TaKOX iHLUI CTUMYNtOBanbHi Pe4OBUHU —
TakKi, IK TaypuWH, ryapaHa, XXeHbLUeHb TOLLO, NMOEAHAHHS
LMX KOMIMOHEHTIB MOXe MiACUNNTU TXHIO B3aEMOAi0 Ta
BNNMB Ha opraHiam. OTxe, KOMBIHOBaHi edhekTn kodei-
Hy 3 iHLUMMW CKNagHWKaMn eHepreTM4HNX HamnoiB AaloTb
nigcraBy Ansi CeprMo3HOi CTypOOBaHOCTI.

lemornoGiH Bigirpae kno4oBy porb B aganTtadii op-
raHiamy 10 TOKCUYHUX BMMBIB, OCKINbKN BUKOHYE Ae-
Kinbka BaxkKNMBMX OYHKLN, cepe SKMx — 3abe3neyeHHs
KMCHEBO-TPaHCMOPTHOI OYHKLIT Ta peryrnsuist KUCOTHO-
OCHOBHOro banaHcy [6, 10].

MeTa pob6oTn — gocnignt guHamiky 3MiH piBHsI
3aranbHOro remorno6iHy i Moro hopm, 30Kpema OKCu-,
kapbokcu-, cynbp-, MeT- Ta AucremornodiHy 3a ymoB
CMOXMBAHHSA €HEePreTUYHOro Hanoto.

MaTepianu i meToam

JocnigpxeHHs npoBeaeHo Ha Lypax-caMusax MiHii Bi-
ctap macoto 150-220r, ski nepebysanu y BiBapii 3a Bia-
MOBIAHUX YMOB OCBITNEHHS, TEMMEPaTYPHOro peXxumy,
BOSOrocCTi Ta CTaH4apPTHOro pauioHy. Yci TBapuHu Manm
BiNMbHUI JOCTYN 0O KOMBIKOPMY (3 po3paxyHKy 4060BOI
noTpebu) Ta Boam (3 po3paxyHky 20 M BOAM HA OOHOMO

The Animal Biology, 2024, vol. 26, no. 1

Lypa Ha foby). BeeaeHHs 6e3ankoronbHOro eHepreTny-
HOro Harnoto «Burn» B opraHiam 3giicHioBanu Wwoaoboso
per 0s. Po3paxyHOK HeoBXigHOT KinbKOCTi Hanow Ans
BBEEHHS Ha OQHOrO Lypa NPOBOAWMM 3 NnepepaxyHKy
Ha 1 kr Macu Tina. BMiCT pe4oBWH B eHepreTu4HOMY Ha-
noi “Burn” B nepepaxyHky Ha 100 mn npogykTy (Bigo-
MOCTi B34TO 3 ynaKyBaHb i He NepeBipeHo Ha AOCTOBIp-
HICTb): BOAa; caxapo3a; OBOOKVC BYITIELILO; ITHOKYPOHO-
nakToH; TaypuH (0,4%); kodbeiH (He Binbie 350 mr/mn);
€KCTPaKT ryapaHu; TeobpomiH; BitamiHn B3 (0,00695%),
B5 (0,0017%), B6 (0,0004%), B12 (0,00000038%), iHo-
3UTON Y KINbKOCTI, SIka He nepesuLLye Ao6oBYy NOTPedy;
apomMaTtusatopu, 6apBHUKW, PErynATOPU KMCAOTHOCTI.

PicT i po3BUTOK TBapWH KOHTPONIOBaNy, 3BaXK1BLLM
X Ha no4aTKy Ta HanpuKiHLi gocniais (y BCiX rpynax crno-
cTepiraBcs npupict macu Tina). MNiggocnigHnx TBapuH
po3ginunu Ha M'saTe rpyn: 1-a rpyna oTpyMmyBana nuT-
Hy BoAy (IHTaKTHWIA KOHTPONb); 2-a rpyna oTpyMyBana
€HepreTMYHUI Hanii yNpoaoBX Micsusi, 3abip marepia-
ny (kposi) NpoBenu Ha 1-y 406y NO 3aBEpPLUEHHIO eKcne-
PUMEHTY; 3-9 rpyna oTpMMyBara eHepreTU4HUIM Haniv
ynpoZdoBX Micaus, 3abip matepiany nposenu Ha 10-y
000y Mo 3aBEpLUEHHIO eKCNEPUMEHTY; 4-a rpyna oTpu-
MyBara eHepreTU4HUA Hami ynpogoBX Micsus, 3abip
maTepiany nposenu Ha 20-y o6y No 3aBepLUEHHI0
eKkcnepuMeHTy; 5-a rpyna oTpumyBana eHepreTu4Hui
Hanin ynpoaoBx Micaud, 3abip matepiany nposenu Ha
30-y oby No 3aBepLUEHHIO0 ekcrepuMeHTy. 3abip KpoBi
NPOBOAUMN B YMOBaX HapKo3y (BHYTPIiLLIHbOM’A30B0O
TioneHTan Hatpito, 60 mr/kr).

BuB4yeHHsi napameTpiB remorpamu: BU3HA4YEHHS
PiBHS 3aranbHOro remornobiHy Ta abCcomntoTHMI BMICT
epuTpoLmTIB NPOBOAMM 3 JOMOMOrOK remMaTosoriy-
Horo aHanizatopa Mythic 18. BMicT okcuremornobiny;,
MeTremornobiHy, cynbdremornobiHy Ta kapbokcuremo-
rnmobiHy BU3Ha4anu cnekTpodoToMeTpryHO [3].

MMig yac npoBeneHHs BioxiMiYHUX JocnigkeHb Byno
OOTPMMaHO BIAMNOBIOHMX ETUYHUX | 3aKOHOAABYNX HOPM
Ta BUMOT LLOAO YTPUMaHHA TBapuH, iX XapyyBaHHA Ta
npoBeAeHHs MaHinynsaLin: €BponencbKol KOHBEHLT Npo
rymMaHHe CTaBIeHHs 0o nabdopartopHux TBapuH (Ctpac-
6ypr, 18.03.1986); «lMpo 3axoan Wwoao noganbLworo
BAOCKOHArNeHHs opraHisauii dpopm poboTu 3 BUKOpUC-
TaHHAM EKCMePUMEHTANbHUX TBAPUHY» Ta MOMNMOXEHHS
«3aranbHuX NPUHLMNIB EKCNEPVUMEHTIB Ha TBapUHaxX»,
yxBarneHoro Nepmm HauioHanbH1M KoHrpecom 3 Gioe-
Tikn (Knis, 2001 p.); 3akoHy Ykpainu «[1po 3axucT TBa-
PVIH Big, )kOpcTokoro noBogkeHHs» (2010 p.). OpepxaHi
uMdpoBi AaHi cTaTUCTUYHO oBpaxoByBany y nporpami
Statistica 7 3 ypaxyBaHHsIM t-kputepito CTbtogeHTa.

Pe3ynbTaty 1 06roBOopeHHs

[ocnigpXeHHs1 BMICTY 3aranbHOro remornobiHy y kpo-
Bi LLIYpIiB, KOTPi CNOXMBanu eHepreTUYHUIM Hanin (puc.),
nokasanm Noro 3HwkeHHs1 Ha 1-y, 10-y Ta 20-y gobu no
3aBepLUEHHI0 ekcnepuMeHTy Ha 25% (P<0,001), 22%
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JocnigxeHHs dopm remornobiHy 3a YMOB CMNOXUBAHHA eHEPreTUYHOro Harnow

160

140

#
*k#
120 <. »\i,\

100 . r T A

80

PPN
NIPNPN

60

h A~

40

h A~

PiseHb remorno6iHy, r/n / Hemoglobin level, g/L

NN

kA~

20

NN

h A~

h A~

iHTaKTHWI KoHTpONb  1-a AoBa 10-a foba 20-a poba 30-a poba
intact control 1 day 10" day 20" day 30" day

Puc. PiBeHb 3aranbHoro remorno6iHy nig BNivBoM
eHepreTuyHoro Hanoto (M+m, n=7)

Fig. The total hemoglobin level under the influence
of energy drink (M+m, n=7)

lpumimka. * — P<0,05, ** — P<0,001 — BiporigHicTb NOPiBHAHO
3 NoKasHMKaMW iHTakTHoro KoHTponto; # — P<0,001 — BiporigHicTb
NOPIBHSIHO 3 NoKa3Hukamu 1-i gobu.

Note. * — P<0.05, ** — P<0.001 — significance compared to the
intact control; # — P<0.001 — significance compared to the first day
results.

Ta6nuus 1. quHamika 3MiH okcureMornobiHy

32 YMOB CMOXWBaHHS €HEepPreTMYHOro Harmowo
Table 1. Dynamics of oxyhemoglobin changes
under the influence of energy drink consumption

Mepiog ekcnepumeHTy 3a|_r|zm;/:|1wm HbO,, HbO,,
. . ] 0,
The experimental period Total Hb, g/l /i /gl %

IHTaKTHWI KOHTPOINb

124,25£10,63 118,47+7,21 95,35
Intact control

93,00+10,39** 59,70+4,85** 64,19
97,38+6,67* 72,16x13,43"* 74,10
115,00+5,50* 79,82+8,84** 69,41

65,06+2,76** 53,16

1-a poba / 1stday
10-a poba / 10" day
20-a goba / 20" day

30-a poba / 30t day 122,38+6,91

lMpumimka. TyT i gani * — P<0,05, ** — P<0,001 — BiporigHicTb
NOPIBHSIHO 3 NMOKAa3HUKaMM iIHTAKTHOTO KOHTPOJHO.

Note. Here and further * — P<0.05, ** — P<0.001 — significance
compared to the intact control.

Tabnuusa 2. luHamika 3MiH meTreMornobiHy

3a YMOB CMOXWBaHHS €HepreTMyHoro Harmowo
Table 2. Dynamics of changes of methemoglobin
under the influence of energy drink consumption

3aranbHui

[Mepioa ekcnepnmeHTy MetHb, MetHb,
The experimental period L2, [ rin/gll %
P P Total Hb, g/l 9 °
SIEG LI e 124,25:10,63  0,75:0,08 0,60

The experimental period
93,00+10,39** 3,60+0,76** 3,87

97,38+6,67**  2,90+0,21* 2,98
115,00+5,50*  3,18+0,23** 2,77
122,3846,91  2,86%0,62** 2,34

1-a po6a / 1stday

10-a poba / 10* day
20-a poba / 20t day
30-a goba / 30" day
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(P<0,001) Ta 7% (P<0,05) BignoBiaHO NOPIBHSHO 3 iH-
TakTHUM KOoHTponem. Cepen NpUYMH 3HWXKEHHS PiBHS
reMorno6iHy MoXKHa po3rnsaaTi 9K NopyLLEHHS NpoLecis
BiocuHTE3Y, TaK i MOCUIEHUI po3na LibOro reMornpoTeiHy.

MopiBHANBLHMIA aHani3 piBHA reMornobiHy 3acBigumB,
LU0 Y BigaaneHi TepMiHu nicnsa 3aBepLUeHHS CNIOKUBaHHS
€HepreTMYHOro Harow Lie NOKa3HMK NOCTYMNOBO 3pOC-
TaB Ha 20-y i 30-y gobu — Ha 24% (P<0,001) Ta 32%
(P<0,001) BignoBigHo nopieHsHO 3 1-t0 Aoboto. 3pocTaH-
H$1 piBHS1 3aranbHOro reMornobiHy Moxe Byt Hacnigkom
ajanTyBHOI peakuii-BignoBiai opraHiaMy TBapuH Ha cno-
XMBaAHHSA €HEPreTUYHOro Harmoto.

lemornobiHy HanexuTb BaXnuMea pofib y npouecax
BioximiyHOI aganTadii 40 BNAMBY Pi3HUX 3a NPUPOAoH0
€K30- Ta EeHOO0reHHUX YNHHMKIB. POpMyBaHHS peakLji-
BiANOBIAj BiAOyBaeTLCS 3aBASKN HAsiBHOCTI (hopM Liboro
Oinka, sakn 3abesnevye, Nopsia 3 TPAHCMOPTOM KUCHHO
(HbO,), BUKOHaHHSI IHLUMX BaXNMBUX GOYHKLLR: 30Kpema,
Oepe yyacTb y perynsuii KUCNOTHO-OCHOBHOI PiBHOBArm
(HbH) Ta BkoHye aetokcmkauivHy pornb (MetHb). 3 ornsi-
Ay Ha ue, BaXNMBUMM € AOCHIMKEHHA (hopM remMornobiHy
32 YMOB CMOXWBAHHSA EHEPreTUYHOIO Harmnoto.

MpoBeneHi Hamu JoCNioKEHHS [,O3BONUN BCTAHOBM-
T 3HWDKEHHS PIBHA OKCUremMornobiHy BNpOgoBX BCbOro
nepiogy excrnepumeHTy (Tabn. 1). Bapto 3asHauutn npo
LikaBy TEHAEHLU,0 3MiH: BigHOCHMIA BMiCT HbO, Ha 30-y
000y cTaHoBMB Tinbkn 53,16%, He3BaXKato4n Ha 3pOCTaH-
HS piBHS 3@aranbHOro reMornooiHy.

OTOX, HaMK BnepLLe BCTAaHOBMEHO, L0 3a YMOB Cro-
YKMBaHHS EHEPreTNYHOrO Harmok CroCTepiracTbCA CyTTe-
Be 3HWkeHHs HbO,, 1o Bkasye Ha NopyLLEHHs NpoLieciB
OKcUreHalvjii TKaHWH, MOXe CMPUYUHUTI PO3BUTOK TMOKCIT
i 3yMOBMOBaTN MeTaboriYHi NOpyLUEHHS.

BHDKEHHS BMICTY OKcureMornobiHy moxe 6yTn 3ymoB-
neHe HM3Ko ¢haKTopiB: 3MiHaMN MOPGOdYHKLIIOHaNb-
HOrO CTaHy epUTPOLIMTIB, LLO NiATBEPOXKYETHCS aHanisom
npeacTaBneHnx HaMu paHille KUCIOTHUX epuTporpamM
LLYpIB [7]; nOpyLUEeHHAM CTPYKTYpY reMornobiHy i crnopia-
HeHOCTi reMorrnobiHy 40 KUCHHO. CyKymHICTb Taknx oakTo-
piB Mae 6e3nocepeHil BNvB Ha piBeEHb aKTUBHOT hopmm
remorrno6iHy, Lo, B CBOK Yepry, BMMBaE Ha KMCHEBUI
romeocTa3s opraHiamy. PiseHb HbO, Benukoro mipoto Bu-
3Ha4YaeTbCA HAABHICTIO AMcremMornobiHiB — Takux, sk
MeTreMornobiH, cynbdremornobiH, kapbokcureMornooiH,
SKi MepeLLKO4KatoTb reMOornobiHy HacUYyBaTUCh KUCHEM,
3MEHLLYHOYM PiBEHb OKCMIeMOro0iHy B TPAHCTNIOPTOBAHIN
KpOBI, i CNPUSIIOTb PO3BUTKY TKAHWHHOI MiNOKCIT [6].

YTBOpPEHHS MeTremMornobiHy B eputpounTax € nocTin-
HUM OKMCNIOBaNbHUM NPOLIECOM, KU € Pe3ynsTaToM
BMSMBY Ha reMornobiH pi3HOMaHITHUX BUCOKOPEaKTUB-
HUX MONeKyn (BiNbHUX paguKkanis KUCHIO), LLIO YTBOPIO-
HOTbCS Nif Yac HOPMAIbHOTO KINITMHHOMO MeTaboniamy [9].

OTpumaHi Hamu faHi BKa3yoTb Ha Te, WO piBeHb
MetHb B iHTaKTHOrO KOHTpOMIO TBapwH craHoBmB 0,60%
Bif 3aranbHOro reMornobiHy. PesynsraTy ocnigKeHHs
KoHueHTpauii MetHb 3a ymoB cnoxmBaHHSA eHepreTuy-
HOro Hanow nofadi y Tabn. 2. Ak BUAHO 3 HaBe4eHMX
AaHNX, OKUCHEHHS1 OKCuremMornobiHy 40 MeTremornobiHy

bionozis meapuH, 2024, 1. 26, N21



Partsei Kh. Yu., Ersteniuk H. M.

The study of hemoglobin forms under the conditions of energy drink consumption

HanBuLLOIO Mipoto BiAbyBaeTbesa Ha 1-y Aoby, Wwo nia-
TBEPOKYETLCA i BigHOCHMM BMicToM MetHb, siknin cTta-
HoBUTb 3,87% npu 0,60% Y KPOBI iIHTAKTHOTO KOHTPOMO
Lypis. BapTo 3ayBaxuTu, LLIO Take NigBULLEHHS BMICTY
Liei dbopmm remornoBiHy BigbyBaeTbCs Ha OOHI 3poCTaH-
Hs1 piBHSA 3aranbHoro remornobiHy Ha 20-y Ta 30-y noby
Ha 2,77% Ta 2,34% BianoBiaHo.

3 ornsigy Ha ogepkaHi AaHi, MOXHA BUCITOBUTK NPU-
NyLLEHHS LLoA0 aKkTMBi3aLil 3aX1CHOI OYHKLIT MeTremMo-
rmobiHy 3a yMOB CMOXWBAHHS €HEePreTU4HOro Harfoo.
BiH Moxe BMCTynaTtu B poni nepokcmaasm t1a bpatu
yYacTb Y 3HELUKOMKEHHI BiNbHUX paauvkanis, Ski yTBOPHO-
HOTbCS B €PUTPOLIMTaX BHACTIQOK AerpaaaLii reMorrnooiny.
Lle cynpoBOOKY€ETLCA HAKOMUYEHHAM remy Ta iOHiB 3a-
ni3a, AKi NpM3BOAATb 40 3MILLEHHS piBHOBArn cucteMm
NMPOOKCUAAHTUN — OKCUAAHTM B Bik HAMIPHOMO YTBOPEH-
HSA CynepoKCUA-aHioHy i NnepoKkcmay BOLHIO, WO MOXe
Np13BeCTU 4O Nepokcuaauii ninigise MembpaH epuTpo-
LMTIB Ta 3yMOBIIOBATU PO3BUTOK OKCMOATUBHOIO CTPECY,
NOpPYLLEHHSA KUCHEBOTPAHCMOPTHOI GOYHKLIT KPOBI.

Kap6okcuremornobiH (HbCO) — ue komnnekc, skun
YTBOPIOETLCH B €pUTpoLMUTax 3a BnnmBy okcmay Kap-
60Hy (I1). MNpu ubOMy NOPYLLYETHCH 30aTHICTb KACHIO
3B’A3yBaTMCA 3 reMOormnobiHOM, pO3BMBAETLCS TMOKCIs,
LLIO, B CBOIO Yepry, NpM3BOAUTb OO0 MOPYLUEHHS KNiTWUH-
HOro Metaboriamy i 3yMOBIOE PO3BUTOK PiI3HOMaHITHMX
natonoriyHnx ctaHis [10].

Ta6nuus 3. [luHamika 3MiH kap6okcuremorrnobiHy

33 YMOB ClMOXWBaHHA €HEepreTMyHoro Hamowo

Table 3. Dynamics of changes of carboxyhemoglobin
under the influence of energy drink consumption

Mepiog ekxcnepumeHTy Sal_rliniz_lm HbCO, r/m  HbCO,
. . ’ 0,
The experimental period Total Hb, g/l HbCO, g/l %

IHTaKTHWUIA KOHTPONb

The experimental period ek 2 01

4,43+0,92 3,57

1-a po6a / 1stday 93,00+£10,39** 26,15+3,03** 28,12

10-a poba / 10" day 97,38+6,67**  5,14+0,46 5,28
20-a poba / 20t day 115,00+5,50*  8,12+1,21** 7,06
30-a goba / 30" day 122,38+6,91  7,73+1,09* 6,32

Tabnuus 4. [luHamika 3MiH cynbdremornobiny
33 YMOB CMOXWBaHHS €HepreTMyHoro Harmowo
Table 4. Dynamics of changes of sulfhemoglobin
under the influence of energy drink consumption

3aranbHui

Mepiog excnepumeHTy SHb, SHb,
The experimental period iloy 215 r/in /gl %
P P Total Hb, g/l 9 o

LIS LT 124,25:10,63  0,43:0,08 0,35

The experimental period
1-a poba / 1stday 93,00+10,39** 0,64+0,04** 0,69
10-a poba / 10* day
20-a poba / 20t day

30-a goba / 30" day

97,38+6,67**
115,00+5,50*
122,38+6,91

0,62+0,04™ 0,64
0,64+0,05* 0,56
0,59+0,04™ 0,48

The Animal Biology, 2024, vol. 26, no. 1

Ak ceigyaTtb nogaHi y Tabn. 3 pesynsraTty, BHacnigok
CrMOXWBaHHSI eHepreTM4Horo Harnoto pieeHb HobCO cyTTe-
BO niasumLLmMBCS. [Mpu NOPIBHAHHI BIQHOCHOTO PiBHS LIbOTO
AepvBaTy MU BUSIBUIW, LLIO HANBULLIOTO 3HAYEHHS BiH JO-
csrae Ha 1-y oOy ekcnepumeHTy i ctaHoBUTb 28,12% 3a
3,57% B iHTaKTHOrO KOHTPONtO TBapwH. BogHoyac BapTo
3ayBaXXUTW, LLO piBEHb 3aranbHOro reMornobiHy Ha Lew
nepioa € HavHWk4MM. B HacTynHi nepioam piBeHb 3aranb-
HOro remornobiHy MaB TEHAEHLI0 JO 3pOCTaHHS, a BMICT
HbCO He3HayHO MIpO0 3HWKYBABCS, OAHAK 3anuviuaB-
€S BipOrigHO BULLIMM, HiXX B IHTAKTHUX TBapUH.

OTpuMaHi gaHi BKa3ytoTb Ha NOPYLUEHHS 30aTHOCTI
remornobiHy 3B’A3yBaTh KUCEHb, LLIO MOXE MPU3BECTM A0
PO3BUTKY FNOKCIT Ta NOPYLUEHHS KIMITMHHOTO MeTabonis-
MY, PO3BUTKY Pi3HOMAHITHMX NaTOMNOMNYHNX CTaHIB.

CynbdremornobiH (SHb) € BaxxnmBoto doopMoto remo-
rno6iHy, sika yTBOPIOETLCSI BHACTTOK HE3BOPOTHBHOIO
OKUCIEHHSI reMOornoBiHy po3p1BOM METUHOBOMO MOCTUKA
y CTPYKTYpi rema Ta BUBIfNIbHEHHAM iOHIB 3ani3a (Fe?* Ta
Fe®*) [1]. DocnimkeHHs Ljei doopmu remorrnobiHy 3a yMoB
BXXVBaHHSA EHEPrETUHHOIO Haro € BKIMBUMM, OCKINTbKM
[003BOSATb 3'ACYBaATW PiBEHL MOLUKOMKEHHS reMOITI00iHY.

Ak BUAHO 3 NpeacTaBneHnx y Tabn. 4. pesyneraris,
nicns CNOXUBaHHS EHEPreTUYHOTO HAMoK cnocTepiranm
cyTTeBe niaBuLLEeHHs piBHA SHb. Mpu nopiBHSAHHI BigHOC-
HOFO PiBHS LbOro AepyBaTy BUSIBUMNOCD, LLIO HAMBMWLLIOTO
3Ha4YeHHs BiH gocsrae Ha 1-y Joby ekcnepumeHTy i cTa-
HoBUTb 0,69% 3a 0,35% B iHTAKTHOTO KOHTPOSTO TBAPWH.
PiBeHb 3aranbHoro reMorrnobiHy Ha Liev nepios € HaHWK-
ynM. B HacTynHi nepioam piBeHb 3aranbHOro reMornobiHy
MaB TEHAEHLit0 4O 3pocTaHHS, a BMIiCT SHb He3HayHo
MIpOIO 3HWKYBaBCS, OOHAK 3anvLLIaBCcs BipOrigHO BULLIMM,
HiXX B IHTAKTHUX TBapWH.

Bucoka koHueHTpauia cynbdremornobiHy B epu-
TpoUMTax MOXe 3yMOBUTU HaKOMUYEHHS BiflbHMX iOHIB
3anisa, siki, B CBOIO Yepry, BUCTYNAaTb NOTY>KHUMMU iHi-
LiaTopamu BifibHOpaaMKanbHUX NPOLECIB Y KITiITUHAX.

CniBBigHOLLEHHST MK hopMamm remornobiHy, a Ta-
KOX HaKOMWYEHHHA HEaAKTMBHUX CTOCOBHO TPaHCMoOpTY
KucHio aucremorno6iHis (dysHb) Bigirpae BaxxnmBy porb
y 3ab6e3rneyeHHi KWCHEBOTPaAHCMOPTHOI OYHKLIi reMorno-
GiHy. MpoBeaeHi Hamu gocnimkeHHs hopM reMornobiHy
3a YMOB BXMBaHHS €HEPreTUYHOro Harno BKa3yloTb Ha
BUCOKMI PiBEHb HEAKTMBHMX DOPM reMormno0iHy, ocobnu-
BO Ha 10-y, 20-y Ta 30-y goby gocnigKeHHs.

Ak cBigyaTb OTpYMaHi pesynsraTi, CrioXMBaHHS eHep-
rETMYHOrO Hamno 3yMOBIIOE ICTOTHI 3MiHW 5K 3ararnibHO-
ro piBHsI remMornobiHy, Tak i OKpeMmx opM ynpoaoBXK
BCbOrO Nepioay croctepexeHHsl. HanbinbLu icTOTHi 3MiHKW
BCTaAHOBMEHO Ha 1-y 406y MO 3aBEPLLEHHIO EKCNIEPUMEH-
TY NOPIBHAHO 3 NOKa3HWKaAMM iHTAKTHOMO KOHTPOIO,
30KpeMa 3HWXKEeHHs piBHS okcuremornobiHy (64,19%)
i HAKOMMYeHHs aucreMorrobiHiB: meTremornobiHy (3,87%),
cynbdremornobiHy (0,69%) i kapbokcuremornobiHy
(28,12%), w0, B CBOIO Yepry, BNnMBaE Ha KUCHEBUIA rO-
MeOCTa3 OpraHiaMy, PO3BUTOK TKAHWHHOI MOKCIi i MoXe
CMPUYMHATU CTPYKTYPHO-(PYHKLIOHAMbHI MOPYLLIEHHS
B OpraHiami 3a Takmx ymos.
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The study of hemoglobin forms under the conditions of energy drink consumption

Kh. Yu. Partsei, H. M. Ersteniuk
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Ivano-Frankivsk National Medical University, 2 Halytska str., lvano-Frankivsk, 76018, Ukraine

In today’s world, where stress and busyness are an integral part of everyday life, energy drinks have become not only a means of
satisfying the need for energy and maintenance of vitality, but also a symbol of lifestyle, an important element of the modern culture of
consumption. The speed and efficiency they promise attract the attention of consumers, especially those who are constantly on the move.
Such drinks have become popular not only among young people, but also among everyone who seek to maintain their activity and efficiency
during the day. The purpose of the work was to investigate the dynamics of changes in the level of total hemoglobin and its forms, in par-
ticular oxy-, carboxy-, sulf-, met-, and dyshemoglobin under the conditions of energy drink consumption. The study was conducted using
male Wistar rats weighing 150-220 g kept in the vivarium under appropriate lighting conditions, temperature, humidity and standard
diet. All the animals had free access to feed (based on daily requirements) and water (based on 20 ml of water per rat per day). The exper-
iment was carried out in compliance with the requirements of the European Convention for the Protection of Vertebrate Animals used
for Experimental and Scientific Purposes (Strasbourg, 1986). The animals were divided into five groups: the 1<t group received drinking
water (intact control); the 2—5" groups received daily the non-alcoholic energy drink “Burn” per os for a month. The calculation of the
required amount of drink for administration per one rat was based per 1 kg of body weight. To monitor the growth and development, we
weighted the rats at the beginning and at each stage of the experiment. The material (blood) was taken on the 1t (2" group), 10* (3 group),
20" (4t group) and 30" day (5" group) after the completion of the experiment under anesthesia (intramuscularly sodium thiopental, 60 mg/kg).
The total hemoglobin level was determined with the Mythic 18 hematological analyzer. Determination of the content of oxyhemoglobin,
methemoglobin, sulfhemoglobin and carboxyhemoglobin was performed spectrophotometrically. The obtained data indicate significant
changes in both the total level of hemoglobin and its ligand forms, in particular, a decrease in the level of oxyhemoglobin and the accu-
mulation of dyshemoglobins, such as methemoglobin, sulfhemoglobin, and carboxyhemoglobin. As evidenced by the obtained results,
the consumption of energy drinks leads to the oxygen homeostasis violation, the development of tissue hypoxia and can cause structural
and functional disorders in the body under such conditions.

Key words: energy drink, laboratory rats, hemoglobin, oxyhemoglobin, carboxyhemoglobin, sulfhemoglobin, methemoglobin,
dyshemoglobin
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TemaTuKa i OCHOBHiI HanpAMMU:

= Oigionorisi Ta Gioximis. = MikpoGionoria Ta 6ioTexHonoris.
= XXuBneHHs Ta rogiens TBapuvH. » Po3BefieHHs1, CenekLisi Ta reHeTnka TBapuH.
» BetepnHapHa meauuuHa. = Ekonoris.

BaxnuBi gatu i Tepminn:

[NogaHHA maTepianis y4acHMKamu KoHepeHLii Ao 31 cepnHa 2024 p.
MoBigomneHHs Npo NpUIHATTA abo BiaXUIEHHS maTepianie no 9 BepecHs 2024 p.
My6nikauisi nporpammn kKoHgepeHLUil no 22 BepecHsi 2024 p.

PeecTtpauis i nogauya martepianis:

Ona yyacTi y poboTi KoHdepeHLii Ta nogaHHa martepianis
noTpibHO NPONTK peecTpaLlilo Ha canTi KOHepeHLUii.

Te3n koHdepeHLii OyayTb onybnikoBaHi y HaykoBOMY XXypHani
«bionoris TBApUHY.

Bumoru oo ochopmneHHs Tes:

MoBa — ykpaiHcbka, aHrminceka. O6car Te3 — go 5000 cumBonis (3 npobinamu).
OprkomiTeT 3anuwac 3a co60l0 NpaBo HagcunaTu Te3n Ha AoonpaLoBaHHSA,
BiAXMNATH iX 32 HeBiANOBIiAHOCTI TeMaTuli koHdepeHLUii abo 3a3HaYeHUM BUMOram.
BignoBiganbsHMMK 3a HayKOBY AOCTOBIPHICTb NOJaHUX Y MaTepianax AaHUX € aBTOPU.

KoHTakTHa iHhopmauis:

Jlyuka IBaH BacunsoBuy _

Ten. (+38 097) 384-21-77 CropiHka
inenbiol@gmail.com KOHpepeHLi:




Knrouyem 0o 8csikoi HayKu € 3HaK NUMAHHS.

IHCTUTYT BIOJIOT 1T TBAPVH HAAH OTOJ/IOLLYE HABIP
y AOKTOPAHTYPY

— _-\1_ ouyHa (OeHHa) popmMa HABYAHHA

\ PhD?) ra ACMIPAHTYPY

L 'k,__,
@~ _— ouHa (OeHHa/eeuipHs)
i 3a04Ha popma Ha84YaHHsA

3a cneuianbHOCTAMM:
091 — Bionoriga Ta 6ioximis

204 — TexHonoris BMpObHMUTBA Ta NepepobKu
npoayKuil TBApUHHMLTBA

211 — BeTepuHapHa meguumnHa

Y 2024 p. ans [onycky 40 BCTYMHOrO iCNUTY 3 iHO3eMHOI MOBW ANt BCTYNY Ha HaBYaHHS
Aansa 3006yTTa cTyneHs gokTopa dinocodii NOTpibHI pesynsratn egUHOro BCTYMHOMO iCNUTY
(E€BI). PeecTtpauito ocib, aki 6axatoTb B3ATU y4acTb y €4MHOMY BCTYNHOMY icnuTi (E€BI),
30INCHIOKTb NpUMManbHi KOMICIT 3aknagis BULLOT OCBITU 3 7 [0 29 TpaBH4A (ONA y4vacTi
B OCHOBHIV cecii) i 3 17 0o 21 yepBHSA (4Ns yyYacTi B 4OOATKOBIN CECil, y Len nepiog MatumyTb
3MOry 3apeeCcTpyBaTUCS Ti, XTO HE 3MIr LbOro 3pobuTi nig 4ac OCHOBHOTO Nepiofy peecTtpaldlii)
3a YMOBM 0COBUCTOT MPUCYTHOCTI BCTYNHMKA(-Li) Ta/abo agncTaHuinHo.

MigrotoBka B acnipaHTypi 30iNCHIOETLCA 3a PaxXyHOK:
— KOLUTIB Aep>xkaBHOro 6romxkeTty YkpaiHu (3a Aep>KaBHUM 3aMOBIIEHHSAM);
— KOLUTIB IOpUANYHKX Ta di3n4HUX OCib (Ha yMOBaXx KOHTPAKTY).

MigroToBKa B JOKTOPAHTYPI 30IMCHIOETLCS 3a paxXyHOK:
— KOLUTIB IOpUANYHKX Ta di3n4HMX OCib (Ha yMOBaXx KOHTPAKTY).

TepmiH nogaHHAa aokymeHTiB — 3 01.07 no 31.08.2024 p.

MpoeeneHHsa BcTynHuX icnutieB — 3 01.09 o 10.09.2024 p.

3apaxyBaHHS BCTYMHUKIB 3a KOWTKU gepxaBHoro 6roopxkety — Ao 13.09.2024 p.
3apaxyBaHHs1 BCTYMHUKIB 3a KOLUTK (pisnyHmx/topuanyHmx ocié — oo 31.10.2024 p.
lMoyvaTok HaB4YaHHA B acnipaHTypi — 16.09.2024 p.

Appeca: IHcTtuTyT Bionorii TBapnH HAAH, Byn. Ctyca, 38, m. JlbBiB, 79034, YkpaiHa.
Josigku 3a ten.: (+38 032) 270-25-04, (+38 067) 453-36-39.
e-mail: inenbiol@mail.lviv.ua
https://inenbiol.com



IHCTUTYT BI1O10T1i TBAPUH HAAH
nPOBOAMUTD: o

HocnigxeHHs GioximidHMX NOKa3HWKiB (aHanidatop Humalyzer 2000, Himeu4nHa)

lemaTonoriyHui aHani3 (aHanisatop Mythic-18Vet, LLsenuapis)

Mikpo6ionorivHi gocnigkeHHs (NociB Ha CTEPUNbHICTb, aHTMBIOTUKOrpama,

cknag Mikpodnopu KULLEYHUKY TBapUH, MIKpOBionoriYHMn aHania kopmis, BOAM, NOBITPS) e ’i

00D

IMyHOepMeHTHI focnimpkeHHs (aHanizaTop Stat Fax 3000, HimevunHa)

OuiHka penpoayKTMBHOT 34aTHOCTI TBAPWH, LUTYYHE OCIMEHIHHS, TpaHCMNaHTalis eMOpioHiB
CeneKuinHO-reHeTUYHI A0CNiIKEHHS Q [JocnigxeHHs seub

HocnigpxkeHHsa kopmiB Q BwusHayeHHs NOKa3HUKIB AKOCTI Meny
[ocnigxeHHsa monoka Q [Hocnig)keHHs1 BOBHU i BONOCCA
ATOMHO-abCcopOUiiHWIA | aTOMHO-EMICIIHWIA aHari3 KOHUEHTpaUil XiMiYHUX eneMeHTIB
Q ArHanis opraHiyHmx gobpus

OpraHizoBye npoBegeHHs JOCNiMKEeHb Ha NabopaTopHNX TBapMHax

i Hagae kBanichikoBaHy iHTeprpeTauito OTPUMaHUX pe3ynbTaTiB.

* MOXIIUge npo8edeHHs iHWUX O0CTIOXeHb

** gci mabopamopii iHcmumymy akpedumosgaHi 05151 MpoeedeHHsT 0CITiIOXeHb

S Iy Ay Wy

IHcTuTyT Gionorii TBapuH HAAH, Byn. B. Ctyca 38, m. JlbBiB, 79034, YkpaiHa.
Ten.: (+38 032) 270-23-89, (+38 096) 858-37-76. e-mail: markinfo@inenbiol.com.ua
3aexou padi cnienpaui 3 Bamu!

3anpouwyemMmo po3mMmicTuTM peknamy Bawoi komnaHii
Ha CTOpiHKaxX HayKoBoro xypHany «bionoria rBapuH»!

Mwu roTosi cniBrnpautoBatv 3 Bamu onst CTBOPeHHS e(PeKTUBHOI peKnamMmHol cTparerii,
sika Bignosigae Bawwum notpebam i 6rogxery.

[MponoHYyEMO pi3Hi BapiaHTM PO3MILLEHHST pekriamMu, 3okpeMa 6aHepwn, OronoLLEHHS
abo cTaTenHo-peknamMmHi matepianm.

Peknama B Haluomy XypHani o3BonuTb Bawm:

" 3any4nTK yBary HaykoBLiB i ¢haxiBuiB Ao Balwloi komnaHil Ta npoayKLir;

" MiABULLMTK BMi3HABaHICTb BpeHay Ta No3uuioHyBaHHA Baluol koMnaHii Ha puHKY;
" 32NY4YUTN HOBUX KIIEHTIB | po3wMpnT Baluy KknieHTCbKy 6aay.

Mpono3unuii go cnisnpaui Ha 2024 pik:
" peknaMHun 6nok Ha %2 ctopiHkm — 1000 rpH B OAHOMY HOMEPI XypHany,
2500 rpH y TpbOX HOMepax XXypHarny.
" peknaMmHum 6nok Ha 1 ctopiHky — 2000 rpH B 0gHOMY HOMEPI XypHany,
5000 rpH y TpbOX HOMepax XypHarny.

KoHTakTtun: (+38 096) 814-78-15, inenbiol@gmail.com



