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The results of scientific research on climate change occur-
ring on our planet at the present stage are presented in the
review. The impact of heat stress on the well-being and pro-
ductivity of large cattle is considered. Adaptation, as a process
of adjustment in natural systems to global climate change, is
presented. Among the major risks negatively affecting and con-
tinuing to impact the economic development of the livestock in-
dustry is climate change on our planet. In Ukraine, the problem
of heat stress becomes urgent in the summer. Heat stress has
a negative effect on the welfare, health, and productivity of ani-
mals. The responses to heat stress include decreased fodder
consumption, searching for a shadow, greater sweat production
and shortness of breath, higher consumption of water and fre-
quency of drinking, longer standing time and shorter lying time.
Heat stress has a direct effect on performance through the de-
crease in fodder consumption and milk synthesis. Heat stress
causes a decrease in the reproductive function of animals.
The consequences of the on the reproductive function of cat-
tle depended on the magnitude and duration of its effect, the
breed, and physical activity of animals. Many strategies for
adapting to climate changes in livestock industry consider the
short-term impact on animals during intense heat. However, in
modern conditions of climate change, one should be governed
by strategies leading to the long-term solution to the problem.
One of these is the genetic adaptation of animals, involving the
resistance to heat stress as a functional trait in the programs of
animal breeding. Genetic diversity of animals will be important
in further breeding work with cattle.

Key words: climate change, large cattle, heat stress, animal
health, milk productivity, adaptation

Introduction

Climate change is one of the threats facing humanity.
It will have impact on the environment and economy.
The average air temperature is the main index of cli-
mate change. In 1880-2020, the average ambient
temperature over land and ocean increased by 1°C
as compared to 1951-1980 [29]. In some parts of the
world, warming has already exceeded 1.5°C as com-
pared to the pre-industrial level. In many Arctic regions,
the average temperature has already increased by

The Animal Biology, 2024, vol. 26, no. 4

more than 3°C [74]. According to the simulated climate
changes, the average temperature on the planet may
be 2.6—4.8°C higher by 2100 as compared to the con-
ditions in 2010 [11]. It is expected that when the planet
becomes warmer, the changeability of the climate and
weather will be greater. The changes in the incidence
and gravity of extreme climatic phenomena and in the
changeability of weather conditions will have consider-
able consequences for humans and natural systems.
There is a forecast of higher incidence of heat stress,
drought, and floods by the end of this century.
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Climate change on the current stage, is one of the rel-
evant risks, defining the global development of humanity.
This process affects all the regions of the world and all
the strata of the population. Even for rather moderate cli-
matic zones, like Central Europe, the expected climatic
conditions, especially in summer months, are deemed
to include a higher incidence of heat and drought peri-
ods [28]. Based on the analysis of 20-year-long weather
observations in July in Ukraine, namely in the western
Forest-Steppe, O. Zhukorsky [81] not replaced specified
the tendency of a temperature increase by 1.3°C and
a higher number of tropic days. The author highlighted
that the bioclimatic conditions for large full-grown cattle
were characterized as comfortable, but there were more
days not elaboratedwith the average rate of thermal
stress. S. P. lvaniuta et al. [35] note that in recent years,
the frequency of days with a maximum temperature in
summer above 35 and 40°C has almost doubled.

One of the envisaged consequences of climate
change is the higher incidence and intensity of heat
waves which are defined as several, usually from three
to five, consecutive days when the maximal environ-
mental conditions exceed some threshold [54, 44].

The geographic regions and economic branches
are notable for different degrees of their susceptibili-
ty to climate change. In general, agriculture, forestry,
aquaculture, and energy sectors may be the most sus-
ceptible to the manifestation of climatic changes, as
they are anthropogenic and natural ecosystems [35].
T. F. Stocker et al. [70] noted that the changes in the
climatic system create serious threats and challenges
for the stable development of society, caused by higher
risks for human health and activity, natural ecosystems,
and economic sectors, and thus require detailed research
and elaboration of the adaptation measures.

The impact of heat stress on livestock

The environment plays a relevant role in maintaining
the health, well-being, and performance of animals. The
organism of an animal is impossible to imagine outside
of the bounds of the environment and the interaction
therewith. Every species of animal has its limits of com-
fortable ambient temperature. These limits are called
a thermoneutral zone. The increase or decrease in the
ambient temperature outside the bounds of the thermo-
neutral zone has a negative impact on the well-being
and performance of animals [66]. Beyond the upper crit-
ical limit of the ambient temperature of the thermoneutral
zone, the animal starts feeling heat stress. Heat stress
is defined as a state when an animal cannot dissipate
a sufficient volume of heat, regardless of its being pro-
duced or consumed by the organism, and to maintain
heat balance of the body. It may cause physiological
and behavioral reactions, which will lead to physiological
disorders, resulting in a negative impact on the health,
well-being, and performance of farm animals [52].

The ambient temperature, comfortable for large cattle,
depends on the species-specific traits of animals. Accord-
ing to M. Fiedler et al. [20], the ambient temperature, com-
fortable for large cattle, is within 0...+15°C, and as per the
FAO [50], in middle latitudes, these thresholds fluctuate
from +4 to +24°C, in tropic latitudes — from +15 to +27°C.

Heat stress is more problematic and has a greater
effect than cold stress [45]. Climate change elevates
heat stress and decreases cold stress. Thus, heat stress
dominates thermal stress [10].

The impact of hot weather on large cattle becomes
ever more relevant due to climate change. The problem
of the impact of climate change on livestock industry is
as follows: how much do the animals depend on the
thermal environment, and how can one mitigate the ef-
fect of higher ambient temperature on them? The cur-
rent impact of the thermal environment is evaluated by
the effect of climatic conditions on the health, well-being,
and performance of animals [53].

To decrease climatic risks for livestock industry, one
should understand in which way potential ecological
stressors can affect the functioning of the animal organ-
ism and the implementation of its genetic potential [67].

The impact of heat stress on the well-being
and health of animals

The impact of climate change on the health of ani-
mals may be direct or indirect. Direct consequences are
mainly conditioned by the changes in the environmental
conditions, including air temperature, relative humidity,
precipitation, drought, and floods. These environmental
conditions cause diseases and death of animals related
to air temperature. The indirect impact of climate change
on health is conditioned by the microbial density and
distribution of transmissive diseases, food and water
shortage, or food-borne diseases [40].

Among different means that help maintain homeosta-
sis, physiological adaptivity is considered to be one of the
mechanisms of the primary response that helps animals
survive. Respiratory and heart rates, rectal temperature,
sweat production degree, and skin temperature are the
physiological parameters that help maintain the heat bal-
ance and homeostasis under hyperthermia [1]. The first
reaction of the animals to hot weather is an increase in the
respiratory rate, rectal temperature, and heart rate, which
has a directimpact on fodder consumption, decreases the
rates of growth, the milk yield, and reproductive traits, and
in extreme cases even leads to death. The imbalance be-
tween the metabolic heat production of the animals and its
dissipation into the environment causes heat stress [16].

Usually, the observed responses to heat stress include
decreased fodder consumption, searching for a shadow,
greater sweat production and shortness of breath, higher
consumption of water and frequency of drinking, longer
standing time and shorter lying time, as well as lower
frequency of defecation and urination [10].
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The decreased fodder consumption is one of the re-
actions to high ambient temperature. Under higher heat
stress, the ruminants lose appetite, have slower intestinal
motility, and decreased rumination [80].

Neuroendocrine regulation is one of the decisive ways
for animals to survive in a stressed state [2]. The hypo-
thalamo-pituitary-adrenal system plays a relevant part in
the thermoregulatory mechanisms of animals. The corti-
cotrophic releasing factor, adrenocorticotrophic hormone,
and glucocorticoids are primary products of the hypothal-
amo-pituitary-adrenal axis, which, in the long run, control
the pathway of a response of animals to stress, regulat-
ing the energy distribution to maintain life activity in the
process of hepatic gluconeogenesis [51]. During the heat
tension period, there is an increase in the level of adren-
alin and noradrenalin, which regulate the cardiovascular
frequency during thermal stress and maintain blood
supply to the organs [2].

Having conducted the study using the bulls of Angus
and Volyn meat breeds, O. Zhukorsky [82] stated
that a high heat burden for ten days led to heat stress.
He observed a high rate of correlation between rectal
temperature and air temperature, rectal temperature
and prolactin, air temperature and prolactin. At the same
time, the author noted breed-specific differences in the
sensitivity to thermal stress, indicating that Angus bulls
were more sensitive to heat stress than Volyn meat breed.
The studies of A. Afsal et al. [2] with dairy cattle involving
heat stress found a decrease in the prolactin concentra-
tion and an increase in the level of somatotropic hormone,
which had a negative effect on the performance.

The immune system of animals is the main defense of
their organism, which protects them from environmental
stress factors and other harmful effects [75]. Heat stress
may have a negative impact on immune functions via the
cellular and humoral immune response [4]. As a result,
after the period of hot weather, the cattle may be more
susceptible to diseases, for instance, there may be a more
significant number of animals with mastitis, which will lead
to economic losses [15]. N. Lacetera [40] stated that heat
stress had a negative impact on the health of animals,
causing metabolic disorders, oxidative stress, and immu-
nity inhibition, which made the animals more susceptible
to diseases.

Heat stress causes a decrease in the reproductive
function of animals. The consequences of the heat stress
effect on the reproductive function of cattle depended on
the magnitude and duration of its effect, the breed, and
physical activity of animals. The impact of heat stress due
to hormonal imbalance caused a decrease in the quality
of oocytes and sperm along with slower development of
embryos and their survival. It occurs due to the decreased
secretion of luteinizing hormone and estradiol, which
leads to a shorter length and intensity of estrus expres-
sion, higher frequency of manifestations of quiet sexual
excitement in farm animals. Oocytes, susceptible to heat
stress, lose their ability to fertilization and development
in the blastocyst stage. Poor secretion of progesterone
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restricts the functions of the endometrium, and thus, the
development of the embryo. On hot days, the tempera-
ture of the testes increases, so the fertility of breeding
bulls decreases due to impaired spermatogenesis and
sperm quality [38, 51].

J. W. Ross et al. [62], M. Cheng et al. [10] reported
that heat stress affects the reproduction of both genders.
In females, heat stress shortens the estral period and fer-
tility, simultaneously increasing the frequency of embryo
deaths. In males, there is a decrease in sperm quality,
the volume of testes, and the amount of fertile sperm.

“The impact of heat stress on reproduction is complex
and multifactorial and is compounded by growing chal-
lenges due to climate change. Both animal welfare and
fertility are vulnerable parameters easily affected by heat
stress. Heat stress leads to a marked decrease in the de-
velopmental competence of oocytes and the fertilizing ca-
pacity of spermatozoa, leading to a declining reproduction
rate and losses for the cattle industry” [37].

M. M. Sharan, Yu. T. Salyha [68] note that advances
in reproductive biotechnology are a powerful tool that
can be used to improve production and address livestock
challenges in the future.

The problem of heat stress is extremely urgent in
the regions where the weather is characterized by high
summer temperatures and humidity. This combination
has a negative effect on the restorative ability of cows,
the course of gestation, and the functional state of the
newborn calves [83].

The impact of heat stress on the performance
of animals

Heat stress has a direct effect on performance
through the decrease in fodder consumption and milk
synthesis [16]. The metabolic production of heat, caused
by heat stress, increases, and thus, milk production de-
creases [36]. M. Rhoads et al. [60] noted that under heat
stress, dairy cows eat less fodder, which leads to their
decreasing dairy performance by approximately 35%.
According to U. Bernabucci et al. [7], the decrease in
milk production caused by heat stress may amount to
about 14% at the beginning of lactation and 35% in
the middle of lactation.

The increase in air temperature becomes an urgent
problem in summer. For instance, in Ukraine, R. M. Di-
birov [17], N. Boltyk [8] found that due to high tem-
peratures in July and August (+28...+30°C) as com-
pared to June (+18...+20°C), the dairy performance
of cows decreased by 7.4—16.0% in the northern zone,
by 6.2—12.9% — in the central zone, and by 5.5-12.6%
in the southern zone. T. O. Vasylenko et al. [77] stated
that in August, under the average air temperature of
23.4°C, as compared to that of 14.7°C in May, the milk
yield of cows decreased by 5.5%, the yield of fats —
by 7.3%, and the yield of protein — by 5.7%. In the
Mediterranean region, due to higher than comfortable
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air temperature values in spring and summer, there is
a reliable decrease in the daily milk yield of all cows
regardless of their performance [23]. According to the
data of R. V. Mylostyvyi et al. [51], V. Sejian et al. [66], in
Switzerland, the Czech Republic, and Poland, in sum-
mer, dairy cows are under heat stress for 6-10 h a day,
and in Spain, Italy, and south of France — from 13 to
18 h, thus losing 3.0-5.5 kg of milk. In Eastern Europe,
the duration of the stress period is 30-60 days, which
causes a drop in productivity of 10-35%.

Heat burden has a greater impact on highly produc-
tive cows [69, 79], which is reasonable because there
is a positive correlation between higher milk yield, fod-
der consumption, and metabolic release of heat [36].
Similar conclusions were made by M. M. Rojas-Down-
ing et al. [61], who found that highly productive dairy
cows released more metabolic heat than cows of low
productivity, and thus, they were more sensitive to
heat stress.

During the dry season, heat stress affects the pro-
liferation and development of the dairy glands which
then leads to smaller milk yield. In dairy cattle, this sit-
uation leads to a considerable drop in milk production,
especially in highly productive cows. The decrease in
milk production due to heat stress may amount to al-
most 10—15% at the farms, using the cooling methods,
and reach 40-50%, if no cooling is used [73].

M. A. North et al. [55], studying various predictive
models of heat stress, indicate that they all lead to
reduced milk production.

In addition to milk yield, a hot and humid environ-
ment also affects the milk composition. O. Ravagnolo
et al. [59], T. Gorniak et al. [31] stated that heat stress
on lactating cows led to a lower content of milk fat and
protein. A negative correlation between the heat burden
and milk fat and protein composition was reported by
R. Bouraoui et al. [9], U. Bernabucci et al. [6], J. B. Gar-
neretal. [22], J. M. L. Heck et al. [32], D. L. Hill et al. [33],
C. Lambertz et al. [41], G. E. Pollott [56], M. A. Quist
et al. [58]. Heat stress also changes the lipid profile
of milk [43]. However, rather contradictory results were
published regarding the impact of heat stress on the fat
content in milk. For instance, F. C. Cowley et al. [14]
did not find any changes in the portion of milk fat
under heat stress but specified the tendency toward
the decrease in the content of both protein and casein.
According to the data of H. M. A. Gaafar et al. [21], the
fat content in cows’ milk under heat stress decreased
by 3.79-3.49%.

Heat stress has a negative effect on the quality of
products of animal production. A. Summer et al. [72]
noted that a negative impact of heat stress on the milk
composition (organic and inorganic components) led to
its suitability for cheese production and product quality.
These changes lead to considerable negative economic
consequences for producers and consumers.

Due to lower metabolism rate and heat production,
large meat cattle are usually considered to be less

susceptible to heat stress than dairy cattle. However, it
also compensates for the increased body temperature
using homeostatic mechanisms (shortness of breath,
sweat production, and drooling) and behavioral chang-
es, including a decrease in activity, greater consumption
of water, and a decrease in fodder consumption. It leads
to a slower rate of animal growth [72].

Heat stress has a negative effect on meat produc-
tivity. With a higher external heat burden, large cattle
re-distribute the energy, usually designated for growth
and maintaining homeostasis [36, 59], which leads to
a decrease in the live bodyweight gain. There is a con-
siderable variability in the average daily live body-
weight gain and fodder conversion in different studies,
conducted in feedlots [24-26, 42, 71]. However, they
reflect the general decrease in the growth rate of ani-
mals under the impact of heat burden. P. A. Gonzalez-
Rivas et al. [30] reported that heat stress affected meat
production for all the main commercial types of cattle.
N. A. Elam et al. [19], A. Summer et al. [72] stated that
ruminants, subjected to heat stress, were notable for
poorer meat quality.

Generally, heat stress led to a decrease in milk and
meat production in all types of cattle.

Whatever affects the production of fodder may also
impact the feeding of animals, and thus, their perfor-
mance. Therefore, a decrease in the harvest of fodder
crops will lead to poorer availability of fodder and an
increase in the cost of products. In cold zones, an in-
crease in the average temperature may cause the pro-
longation of a vegetation period for fodder with a de-
crease in their quality [49].

It should be noted that many recent publications of
the studies also demonstrated that the consequences
of climate change differ depending on the region, dura-
tion, and distribution of heat stress. In addition, the ef-
fect on specific breeds and individual animals will vary
greatly. Thus, one should define key factors for each
geographic territory, which present specific interests,
breed (genotype), and industrial system [28].

According to all the evaluated scenarios, it is fore-
casted that in this century, heat stress will become
a serious problem for large livestock industry systems,
resulting in a decrease in milk and meat production.
Therefore, it is important to pay special attention to the
potential magnitude and degree of adaptation mea-
sures that will be required in different places to coun-
teract the consequences of ever-increasing heat stress
for large cattle [76].

The data from the studies, conducted by different
scientists, demonstrate a considerable decrease in the
performance of animals, which leads to enormous eco-
nomic losses during heat stress. It is evident that climate
change will affect the performance of cattle in many
regions, and many simulations define this effect to be
harmful. The impact of climate change on the livestock
industry will be a consequence of combined chang-
es in ambient temperature, precipitation, incidence,
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and magnitude of extreme weather phenomena. It will
include both direct and indirect effects. Climate change
enhances a general need for strategies for adapting
to and mitigating consequences, which would cover
available instruments of management, feeding, breed-
ing, and health protection of animals. The envisaged
changes will create the pressure of selecting with the
consideration of the traits, relevant to biological suit-
ability and production of specific products. The clas-
sified information, obtained regarding the evaluation
of the impact of climate change on the performance
and well-being of animals, may become very valuable
for the elaboration of the relevant strategies of adapt-
ing to and mitigating the consequences to support the
manufacture of animal products in the scenario of cli-
mate change.

The adaptation of livestock industry
to climate change

Adaptation to global climate change is a process of
adjustment in natural or human systems in response
to actual or expected climatic effects which would help
decrease their negative consequences and utilize favor-
able possibilities. All animals can adapt to the thermal
environment. The animals change their behavioral,
physiological, and morphological characteristics or their
combination in response to the thermal environment
and thus adapt thereto [3, 27]. Therefore, animals can
develop the mechanisms of survival that minimize the
impact of thermal burden on the organism in general.
The overcoming mechanisms, developed by animals
in response to heat stress, are referred to as adapta-
tion and adjustment.

The acclimation and adaptation ensure the resil-
ience level of large cattle populations. Acclimation is
a homeostatic process, governed by the endocrine
system, which leads to cellular, metabolic, and sys-
tematic changes that allow animals to react to and
cope with heat stresses [3]. Animals adjust to the en-
vironment they live in and to the external stress by
acclimation to a specific stressor or several stressors
[13, 27]. The adaptation is related to biological chang-
es in subsequent generations via the support for ge-
netic selection in the population through a permanent
impact of the stressor, maintaining the survival of spe-
cies [64].

Adaptation may be decisive for survival, but it often
has a negative impact on the performance and prof-
itability of the animal breeding systems. The ability to
adapt in part depends on the plasticity of behavioral
traits and in part — on morphological and physiologi-
cal changes, which adjust animals to survival in a bet-
ter way [48]. The adaptation is a coordinated pheno-
typic reaction to stressors, and the response will get
weaker if the stressors are removed. If chronic stress
lasts for several generations, the adaptation reaction
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will become genetically “fixed”, and the animal will adjust
to the environment [13]. The knowledge about genetic
differences between adapted animals will promote breed-
ing work under global climate changes.

The potential strategy of mitigating consequences
should lie in breeding animals, resistant to climate
change. Resilience is defined as the ability of the animal
to get quickly restored after the disturbance effect or the
ability to suffer the minimal effect of disturbance [12].
In the context of climate change, resilience will reflect the
stable performance of animals regardless of a weather
change.

The adjustment of an animal may be defined as an
ability to survive and reproduce in a specific environ-
ment [57] or a degree to which an organism, population,
or species may remain adjusted to a wide scope of en-
vironments using physiological or genetic means [5].

Flexibility is usually considered to be an evolution-
ary adjustment to environmental changes. Flexibility is
a key mechanism, using which organisms can cope
with climate change, since it allows them to react to
changes throughout their lives. Flexibility is of great
importance to large cattle since there is a large interval
between generations, and evolutionary reactions via
natural selection may not lead to rapid changes to mit-
igate the consequences of climate change. The spe-
cies, which evolve in warm and stable tropic climate,
have lower flexibility as compared to those in variable
moderate environments since it is believed that the
magnitude of the temperature variation is directly pro-
portional to the flexibility ability. This is a great pos-
sibility to breed the populations of cattle, bred in Eu-
ropean regions with various climatic conditions and
variable temperatures. The methods of selection and
experimental evolution demonstrated that flexibility
is a trait that may develop during direct selection or
as a correlated response to choosing specific traits.
Therefore, it is reasonable to use the flexibility, ac-
cumulated in the breeds of large cattle, in the new
selection goals [63].

The producers may adapt to climate change, adjust-
ing the genetics of their animals to the changed envi-
ronment or adapting the production environment, while
preserving the genetic profile of animals. It is expected
that farmers will first use the adaptation technologies,
which can be quickly implemented and change the ge-
netic profile of animals only when this process becomes
inevitable [34]. J. M. Rust [65] stated that climate change
affected both extensive and intensive systems of animal
production.

The systems of intensive animal production have
more possibilities to adapt via technological changes,
and the latter can make them rather insusceptible to
climate change and preserve highly productive breeds.
To fight the consequences of short-time heat waves,
one can use various technologies, including air-condi-
tioning, shadowing, or raining, to decrease excessive
heat burden [46]. Access to these technologies and
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capital will define the ability of producers to protect their
herds from the physiological stress of climate change.
Large-scale implementation of these technologies will
also depend on the availability and prices of energy
and water. A question arises: how long can one support
the industrial environment under these conditions [34]?
Although the direct impact of climate change on ani-
mals may be insignificant, if the increase in temperature
does not exceed 3°C [18], the forecasts demonstrate
the need for further selection of breeds with efficient
control of thermoregulation. It requires the inclusion of
traits, related to thermal tolerance, into the selection in-
dices, and a greater consideration of the interaction be-
tween a genotype and environment to identify animals,
most adapted to specific conditions.

I. Hoffmann [34] stated that the adaptation to the
climate change can be considered in two ways:

1. How can the genetic resources of animals cope
with climate change and adapt to it, still ensuring food
safety and earning in rural areas?

2. How can one preserve the value of genetic re-
sources and minimize a potential loss of diversity in case
of climate change?

Genetic diversity of animals within the breed is im-
portant for further improvement of cattle [39].

Genetic diversity of animals is decisive for food
safety and the development of rural areas. It allows se-
lecting the number of livestock or creating new breeds
in response to the change in conditions, including
climate change, new or renewed threats of diseases,
new knowledge about human needs for food, and
a change in market conditions or needs of the society.
All these are considerably unforeseen. The factor
that can be predicted is an increase in human need
for food in the future. The most acute consequences
will be in developing countries, where it is expected
that demand will grow faster than production, and in
the areas where climate change is forecast to have the
greatest impact [34]. The importance of preserving the
gene pool of local breeds is emphasized by M. M. Mcln-
tosh et al. [47], A. K. Wankar et al. [78].

A current tendency of climate change poses a threat
to health, well-being, and performance of large cattle in
the entire world. Heat stress makes animals more sus-
ceptible to diseases and is one of the reasons for perfor-
mance losses. A real challenge is the mitigation of this
effect and adaptation of the systems of animal breeding
to the variable climate. The adaptation to extreme cli-
matic conditions and the mitigation of their harmful effect
will play a relevant role in the fight against heat stress for
cattle. Many strategies for adapting to climate changes
in livestock industry consider the short-term impact on
animals during intense heat. However, in modern con-
ditions of climate change, one should be governed by
strategies leading to the long-term solution to the prob-
lem. One of these is the genetic adaptation of animals,
involving the resistance to heat stress as a functional
trait in the programs of animal breeding.
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Bnnue 3miHKM KnimaTy Ha opraHi3am BenMKOi poraToi Xyao6u1 Ta cnoco6u Noro NOM’siKWEeHHS

M. B. nadid, M. I. Kysie, H. M. Kysie
kuzivmarkiyan@ukr.net

IHcTuTyT Bionorii TBapuH HAAH, Byn. B. Ctyca, 38, m. JIbBiB, 79034, YkpaiHa

B ornspi npeactasneri pesynsratn HayKoBUX JOCNIAKEHb LLOAO 3MiHM KNimaTy, sika BiabyBaeTbCS Ha HaLLi NMaHETi Ha Cy4acHOMY
etani. Po3rnsiHyTo BNAMB TEMNNOBOrO CTpecy Ha Ao6pobyT 300poB’st Ta NPOAYKTUBHICTE BENMKOI poraTol xynobu. MpegcraeneHo agan-
TaLjito SK MpoLec NPUCTOCYBaHHS Y NPUPOAHMX cucTemMax Ao rnobanbHoi 3MiHu knimaTy. [1o HanbinbLUNX pU3KKiB, siki HeraTMBHO BNMBa-
10Tk i Hagani 6yayTb BNMBATV HA €KOHOMIYHUIA PO3BMTOK TBAPUHHMLIbKOI rarnysi, HanexuTb 3MiHa Knimary, sika BigbyBaeTbCsa Ha HaLuin
nnaHeTi. B YkpaiHi npobnema TennoBoro cTpecy akTyarnbHO CTae Yy NiTHil nepiod. TennoBuii CTpeC HEraTMBHO BRNMBae Ha JOOPOLyT,
370pOB’s Ta NPOAYKTUBHICTb TBAPWH. Peakuii Ha Tennosui CTpec OXOMIOKTb 3MEHLLEHHS CNOXMBAHHSA KOPMY, MOLLYK TiHi, NTOCUeHe noto-
BVAINEHHS Ta 3a4MLLKY, 30iNbLUEHHS CNOXMBAHHSA BOAW Ta YacTOTU NUTTS, 30iNbLUEHHS Yacy CTOSHHS Ta 3MEHLLEHHS Yacy NexaHHS.
Tennosuii cTpec 6e3nocepenHbO BNIMBAE Ha NPOAYKTUBHICTb Yepe3 3MEHLLEHHS CMOXMBAHHSI KOPMY Ta, 3peLUTOl, CUHTE3Y MOSIOKa.
TennoBuii CTPeC CNPUYMHSIE 3HKEHHS PENPOAYKTUBHOI hyHKUIT TBapyH. Hacnigkv BNnuBy Ha penpoayKTUBHY dyHKLi0 Xynobu 3ane-
arnu Big, BEMWUYUHK A TPMBANOCTI MOTO Aji, Topoau, a Takox (PisnyHOi akTMBHOCTI TBapuH. barato ctparerin aganTauii 4o KniMaTuiHnx
3MiH y CKOTapCTBi BPaxoByOTb KOPOTKOYACHWI BNMB Ha TBapWH Mif Yac iHTeHCMBHOI cnekn. OgHaK y CydacHMX yMOBaxX 3MiHW Knimaty
noTPiGHO OpiEHTYBATWCS Ha CTpaTerii, iki NPU3BOASATL A0 AOBIOCTPOKOBOrO BUPILLEHHS Mpobnemun. OAHIEIO i3 Taknx € reHeTU4Ha agan-
Tauis TBApWH, WO nepeabayae 3anyyeHHs CTINKOCTI A0 TENIOBOMO CTPeCy AK PyHKLOHaNbHOI 03HaKU B Nporpamax po3BedeHHs TBapyH.
leHeTUYHa pi3HOMaHITHICTb TBApPVUH MaTUME BaXKNUBE 3HAYEHHS Y NofarbLUili CeNneKLiiHin poboTi 3 Benmko porator Xyaoboto.

KnrouoBi cnosa: 3viHa krimarty, Benuvka porata xynoba, TennoBuii CTpec, 340poB’s TBapWH, MOINOYHa NPOAYKTUBHICTb, adanTallisi
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The anti-inflammatory roles of Mesenchymal stem cells
(MSCs) and glucocorticoids are well-reported in both preclinical
and clinical studies. However, it is not clear how far MSC-secre-
tome offers sufficient protection against acute liver failure (ALF)
compared to glucocorticoids. To answer this query, acute liver
failure was induced in mice by a single toxic dose (400 mg/kg)
of acetaminophen (APAP). Then mice were treated with Dexa-
methasone or transfused with MSC-secretome, which was de-
rived from DEX-treated bone marrow mesenchymal stem cells.
The results showed that 10 nM DEX has no impact on the
viability or the mesenchymal characteristics of MSCs. While
the transfusion of MSC-secretome provided a significant ther-
apeutic effect against ALF, it was marginally less effective than
DEX treatment. Hepatic markers (ALT, ALP, GGT, and bilirubin)
were improved more significantly in DEX-treated mice than
in MSC-secretome treated group. This improvement was ac-
companied by marked relief in the oxidative assessed in the
liver as Nrf-2, MDA, and GSH. Additionally, the normal levels
of angiogenic (VEGF), and inflammatory (TNF-a) markers were
effectively restored after DEX treatment. Also, both MSC-secre-
tome and DEX resolved liver necrosis. In summary, these data
suggest that dexamethasone demonstrates a better thera-
peutic effect than MSC-secretome in the treatment of ALF.
Further studies are necessary to standardize MSC-secretome
as an acellular therapeutic approach.

Key words: BM-MSCs, dexamethasone, acute liver failure,
hepatoma cells, paracetamol, inflammation

Introduction

Acute liver failure (ALF) is characterized by rapid
and severe liver dysfunction and may lead to death if
not properly treated. Pathologically, it is associated with
some features including hepatic encephalopathy and co-
agulopathy, which can progress to necrosis of liver tissue.
Also, the pathophysiology of ALF involves a systemic in-
flammatory response that may lead to complications in
other organs like cerebral edema and renal failure [5].
Globally, ALF occurs in humans as a result of many etiol-
ogies including drug overdose, infection with hepatitis

12

viruses, and less frequently, autoimmune hepatitis [20].
Despite advances in critical care and liver transplanta-
tion, the mortality rate remains high, making early ALF
management essential. Due to the association between
liver inflammation and ALF, many authors involved the
role of immunomodulatory therapies, such as cortico-
steroids [27] in ALT treatment. Dexamethasone, for ex-
ample, showed a crucial role in managing different liver
diseases due to its anti-inflammatory and immunosup-
pressive properties [28]. In and severe alcoholic hepatitis
and autoimmune hepatitis, for instance, dexamethasone
reduced liver inflammation, modulated the immune re-
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sponse, prevented further liver necrosis, and improved
patient outcomes. In a similar manner, treatment of liver
transplant patients with dexamethasone is traditionally
used to prevent acute graft rejection, contributing to pa-
tient survival. However, its use must be carefully moni-
tored to avoid Dexamethasone-associated side effects,
such as immunosuppression and subsequent inflamma-
tion. In these pathological conditions, the drug reduces
the production of pro-inflammatory cytokines, limits the
development of ALF-related cytokine storm, and limits
further liver damage. In the past few decades, Mesenchy-
mal stem cells (MSCs) transplantation was emerged as a
promising therapeutic option for many disorders including
acute liver failure (ALF). This was attributed to their regen-
erative potential and immunomodulatory properties [29].
These features were explained by the immunomodula-
tion of the anti-inflammatory cytokines, released by the
MSCs (secretome), which reduce inflammation and the
progression of liver injury [11, 24]. Also, MSC differentia-
tion into hepatocyte-like cells, promotion of the survival of
endogenous liver cells [1], and modulation of angiogene-
sis and oxidative stress [7, 25] could be regarded as alter-
native mechanisms of MSCs-mediated ALF therapy. Ad-
ditionally, the anti-fibrotic effect of MSCs was suggested
due to their effect on the activity of hepatic stellate cells,
which play a key role in liver fibrosis [21, 30]. The vast ma-
jority of these preclinical investigations were conducted
using MSCs. Acellular regenerative approach, however,
was recently adopted in which MSC-derived secretome
and extracellular vesicles (EVs) replaced MSC-mediated
therapy [3, 4, 14]. However, there is a lack of knowledge
about the efficacy of MSC-secretome in the treatment of
drug-induced liver injury (Dili) compared to Dexametha-
sone. To answer this query, this work was designed to
compare the therapeutic efficacy of dexamethasone and
MSC-secretome in the treatment of paracetamol-induced
liver failure in mice.

Materials and Methods

Chemicals and reagents

Dexamethasone was purchased from Amriya for
Pharmaceutical Industries (Alexandria, Egypt). Isolation
and passaging of MSCs were carried out using cell cul-
ture media (DMEM) and supplements including L-glu-
tamine, Fetal bovine serum (FBS), and Penicillin/strep-
tomycin) purchased from Lonza. Liver biomarker kits
including alanine aminotransferase (ALT), alkaline phos-
phatase (ALP), gamma-glutamyl transferase (GGT),
and bilirubin were from Spectrum Diagnostics (Egypt).

Mesenchymal stem cells isolation
and collection of MSC-conditioned media

Bone marrow MSCs were isolated from an adult
(250 g) male Sprague-Dawley rat, following the ethical
regulations of animal care and use of the Faculty of
Science, Tanta University Animal Care and Use Com-
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mittee (IACUC-SCI-TU-0184). Briefly, bone marrow
from rat’s bones (the tibia and femur) was collected in
complete media containing 10% FBS and 1% penicil-
lin/streptomycin. Cells were grown at 37°C, 95% air,
and 5% CO,. BM-MSCs conditioned media was pre-
pared by incubating MSCs in a serum-free media for
48 h, after which media were collected, centrifuged,
to remove cell debris, and utilized in mice treatment.

Annexin V/PI staining

The apoptosis assay was performed using an An-
nexin-V FITC kit (Miltenyi Biotec, CA, USA) following the
manufacturer’s guidelines. Briefly, cells were seeded in
T25 flasks. After overnight incubation, cells were treated
with 10 nM DEX for 24 h after which they were collect-
ed by Trypsin/EDTA, and centrifuged at 1000 rpm for
5 min. The cell pellet was resuspended in PBS and in-
cubated with 0.25 pg/ml Annexin V in 1X binding buffer
for 15 min, followed by two washes with a Wash Buffer.
Cells were resuspended again in a binding buffer Pl and
then subjected to flow cytometry analysis.

Induction of acute liver failure in mice and grouping

Male C57BL/6 mice (25-31 g) were purchased from
The National Cancer Institute, Cairo University. Animals
had free access to food and water and were housed in
a 12 h light/dark cycle in standard conditions. All animal
experimentation was in compliance with the guide for
the care and use of laboratory animals, where the ex-
perimental design was approved by the Ethics Commit-
tee of the Faculty of Science, Tanta University (IACUC-
SCI-TU-0184). Mice (n=24) were randomly assigned to
4 groups, six mice each (fig. 1). Group | was left untreated
as a negative control group, whereas mice in groups I, Ill,
and IV received a single intraperitoneal dose (400 mg/kg
body weight) of APAP to develop ALF. Group Il mice were
slaughtered 24 h after acetaminophen (APAP) injection,
whereas groups lll and IV were treated once with 2 mg/kg
DEX via i.p injection or transfused consecutively twice
with 200 pl prefiltered BM-MSC-secretome via tail vein.
Animals were slaughtered one week after treatment and
both blood and liver tissues were collected for further
investigations.

Group | Group Il Group Il Group IV
Control 400 mg/kg 400 mg/kg 400 mg/kg
APAP APAP APAP

— DEX MSC-secretome

Fig. 1. Excremental design, animal grouping, and treatment protocols.
Mice were divided into 4 groups. Group | (Gpl) included healthy
control mice. Mice in groups I, lll, and IV were injected with a toxic
dose of APAP to develop acute liver failure. Groups Ill and IV
were treated with a single dose of DEX or two infusions

with MSC-secretome one week apart. Mice were slaughtered

one week after the last treatment
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Assessment of liver function

Serum levels of ALT, ALP, GGT, and Bilirubin were
measured using marker-specific kits, following the man-
ufacturer’s guidelines. In parallel, liver tissue samples
were homogenized in ice-cold phosphate buffer, pH 7.2,
containing 1 mM EDTA-Na2. The homogenate was cen-
trifuged at 15,000 g at 4°C for 15 min and its protein
concentration was determined in the supernatant by
the Bradford assay.

Quantification of inflammatory, angiogenic,
and oxidative stress markers in liver

Tumor necrosis factor alpha (TNF-a), vascular endo-
thelial growth factor (VEGF), Nuclear factor-erythroid
p45-related factor 2 (Nrf-2), and GSH were determined
by ELISA kits, following the manufacturer protocols.
Malondialdehyde (MDA) concentrations in liver homog-
enate were measured according to [19]. In this assay,
100 ul of liver homogenate sample was mixed with
300 pl perchloric acid (PCA) (0.1125 N) and thiobar-
bituric acid (TBA) (40 mM, 300 pl), and then placed in

AlZ sampled ADZ samplel
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i F o1-uF %301l 01-UH
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EG‘!'I—L 21-LF| _ L 1Q109|ER
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Fig. 2. Bone marrow MSCs isolation and viability assessments.
MSCs were isolated from the rat’s bones (tibia and fibula) (A&B),
maintained to the 3 passage, and left untreated or treated with 10 nM
DEX for 24 h. Annexin V/PI dual staining was utilized to access cell
viability (C&D). Bar graph “E” demonstrates that DEX-treated MSCs
maintained their viability similar to the untreated cells
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a boiling water bath for 60 min. After cooling methanol
(600 pl) and 20% TCA (200 pl) were added and mixed
for 10 s. The samples were centrifuged at 10,000 rpm
for 6 min, and the MDA concentration was quantified
using a standard curve, which was obtained from hy-
drolyzed 1,1,3,3-tetramethoxypropane (TEP) dissolved
in water in different concentrations.

Histopathological analysis

For histological assessments, portions of livers were
excised, and fixed in 10% formalin. After dehydration
and clearance, tissues were embedded in paraffin,
sectioned in 5 ym thickness, stained with hematox-
ylin-eosin (H&E) following the standard protocol, and
examined under a light microscope.

Statistical analysis and software

Statistical analysis was performed using Graphpad
Prism 5.0 software (GraphPad Software Inc., San Di-
ego, CA, USA). Data were expressed as mean * stan-
dard deviation (SD). Mean values were compared us-
ing ANOVA test followed by Tukey test, where P<0.05
was considered statistically significant.

Results

Initially, we isolated BM-MSCs from rat's bones. Ad-
herent cells, maintained in standard culturing conditions,
demonstrated a typical spindle, fibroblast-like shape
(fig. 2). Incubation of cells in a complete media containing
10 nM DEX for 24 h did not affect cell morphology and via-
bility. To ensure that, cells were dually stained with Annex-
in-V and PI, where both untreated and DEX-treated cells
did not show significant apoptosis nor necrosis (fig. 2).

In parallel, we developed ALF in mice through the ad-
ministration of a single toxic dose of APAP (400 mg/kg
body weight). Signs of ALF were authenticated by moni-
toring the serum levels of liver function markers includ-
ing ALT, ALP, GGT, and bilirubin, where all markers were
significantly increased compared to the healthy group
(P<0.001 with all serum markers) (fig. 3).

Cells were utilized to prepare MSC-secretome. Next,
24 h after the development of ALF, mice were treated
with a single dose of 2 mg/ml DEX (in group Ill) or trans-
fused twice with MSC-secretome. Mice treatments led to
a significant decrease in the serum ALT, ALP, GGT, and
bilirubin (fig. 3). The improvement in these markers was
more pronounced in DEX-treated mice compared to the
ALT and ALP. Since APAP development is associated
with a significant increase in oxidative stress, we mea-
sured three oxidative stress markers. Treatments with
both MSC-secretome and DEX were associated with the
amelioration of the oxidative stress markers (Nrf-2, MDA,
and GSH) in the liver (fig. 4).

Additionally, the high levels of the inflammatory mark-
er (TNF-a) observed in the liver of ALF mice, significantly
decreased in treated mice particular in DEX-treated mice.

bionozis meapuH, 2024, 1. 26, N4
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Fig. 3. Effect of treatment of ALF mice with DEX and MSC-secretome on serum liver markers. Mice treatment with DEX or MSC-secretome
ameliorated ALT, ALP, GGT, and bilirubin. Significant changes, compared to healthy mice (Gpl), are indicated by (*), where (*) or (***) refer

to P<0.05 or P<0.001, respectively; (#) refers to a significant difference between the indicated groups versus the DEX-treated group (Gplll).
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Fig. 4. Oxidative stress markers in the liver. Mice in groups Ill and IV
were treated with DEX or MSC-secretome, respectively.

The results of Nfr-2, MDA, and GSH are shown as means (+ SD)
(n=6) for each group (n=6). Mice in groups I, Ill, and IV were injected
with APAP to develop ALF. Statistical significances between treated
groups are indicated as (*) or (¢) to compare the indicated groups
versus control or DEX-treated groups, respectively.

Nrf-2: MDA: Malondialdehyde, GSH reduced glutathione

A similar improvement pattern was observed in the an-
giogenic marker (VEGF) (table 1). Furthermore, these
biochemical changes were accompanied by significant
resolving of the necrotic and inflammatory changes in
the liver tissue of ALF mice (table 1) one week following
treatments.

Table 1. Mean values of TNF-a and VEGF in liver

Group | Group Il Group llI Group IV
(Control) (ALF) (DEX) Secretome

TNFa 24665251 070345 21332251 4635551

Groups

VEGF pEa ey | RTERES | ke T e
Histological
Histo! 0.0 05 0.0 0.578

Note. *** — P<0.00 — significant difference compared to healthy
group (Gp1); ** — P<0.001 — significant difference compared
to DEX-related group (GplIl)
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Discussion

This work suggests that dexamethasone (DEX) can
cure paracetamol-induced liver failure more effectively
than transfusion with MSC-secretome. We found that
the liver function markers were improved in mice treated
with DEX more efficiently compared to both untreated
ALF mice and mice transfused twice with MSC-secre-
tome. Also, the pro-inflammatory marker (TNF-a), the
angiogenic (VEGF), and the oxidative stress markers
were ameliorated more efficiently in DEX-treated mice.
Additionally, both treatment methods resolved hepatic
necrosis. APAP-induced ALF is typically background
with rapid liver cell injury and oxidative stress. In agree-
ment with previous studies [13], ALF pathogenesis was
associated with the development of significant hepatic
inflammation (assessed by TNF-a) and enhanced pro-
duction of VEGF. The healing effect of MSCs against
acute and chronic liver failure was repeatedly report-
ed as cell-based regenerative therapy [21, 23]. Here-
in, we utilized acellular approach that may offer more
advantages over MSC treatment. To avoid transfu-
sion-associated inflammation, we treated MSCs, from
which the secretome was collected, with 10 nM DEX
for 24 h. This concentration did not induce any mor-
phological or apoptotic changes in MSCs. Although
both DEX and MSCs demonstrate anti-inflammatory
effects [16, 22], they, however, adopt different mecha-
nisms. The MSC-related anti-inflammatory role is at-
tributed to the cytokines they release, such as IL10,
and TGF-, which modulate T cells and macrophages
to reduce inflammation and inhibit the production of pro-
inflammatory cytokines such as TNF-a and IL-6 [10].
Glucocorticoids, however, adopt different mechanisms
as they activate glucocorticoid receptors (GR) leading to
suppression of NF-kB and decreasing the production of
TNF-a and IL1B [28]. Although both DEX and MSC-se-
cretome affect the same immune cells, the former (DEX)
may target a wide range of other non-immune cells as

15



[iab T., Aani E. M., l'eccien M.

[lekcameTazoH He3HauHo nepesepluye MSC-cekpeToM y BUpILLEeHHI roCTPOI NeYiHKOBOI HEAOCTAaTHOCTI Y MULLIEN

Table 2. Factors affecting the variability in MSC-secretome composition

Modulatory Secretome components Description References
factors

Qe e Erais e BreE BM-MSCs, AT-MSC, and, and UC-MSCs may secrete [6]

glog different levels of growth factors.
Source Cytokines The cytokine profile differ based on tissue origin. [12]

EVs (e.g., exosomes, .

microvesicles) EVs-content vary depending on MSC source. [26]
Hypoxic condition Increase the secretion of angiogenic factors. [2]
Media and supplements Serum-fn_ae conditions may alter th_e secretion [15]

of immunomodulatory cytokines.
Culture Conditions Cell passaging Increased passagc;?%er?tz{nl?:g;?sreduced secretion (8]

and microenvironment :
Mechanical Stress Mechanical stimulation may increase the secretion [21]
of MMPs.

Preconditioning Chemical preconditioning may modify the MSC secretome [22]

towards a specific lineage.

well. Beside its potent effect, DEX has the privilege as
FDA-approved drug, where it is widely prescribed for
inflammatory, rheumatoid arthritis, and autoimmune
diseases [16]. As the liver is the main xenobiotic me-
tabolizing organ, DEX is mainly converted via CYP3A4
and other CYPs into 6B-hydroxy-dexamethasone
(6BOH-DEXA) and 6a-hydroxydexamethaaone (6aOH-
DEXA) [9]. Accordingly, it is anticipated that the thera-
peutic effect is implemented by DEX and its metabolites
as well. Also, its overdose-related side complications
and its involvement in glucose metabolism are well-iden-
tified. Although MSC-secretome presented a significant
protection against ALF, it is still in the preclinical phase,
and its promising therapeutic role is challenged by the
relatively complex and costly preparations, unstandard-
ized production, less-optimized delivery protocol, and
ethical concerns.

Furthermore, it demonstrates significant variability
in the bioactive molecules they include according to the
source tissue of MSCs, the culture conditions, stability, and
other aspects (table 2). More importantly, MSC-secretome
therapy has some concerns about enhancing the pro-
liferation and growth of endogenous cancer cells [26].
These concerns make it difficult to predict their thera-
peutic outcomes in different diseases.

Conclusively, this work suggests that treatment of
ALF with DEX or MSC-secretome resolved hepatic ne-
crosis and improved the liver function. However, DEX
demonstrated better outcomes as indicated by the ef-
fective amelioration in liver function, inflammatory, and
angiogenic markers in addition to the restoration of
hepatic architecture. Although MSC-secretome demon-
strated good healing effects, it is challenged by many
obstacles that are required to be addressed through
further research. Standardization of preparation and
delivery protocols is essential to ensure their safe and
effective application.
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HekcameTa3oH He3Ha4yHo nepeBepluye MCK-cekpeToM y BUpilLieHHi rocTpoi ne4iHKoBOi HeJOCTaTHOCTi Y MULLEN

Topis Oiab, EtimaH M. Adni, MoxameOd leccieH
Mohamed.hussien1@science.tanta.edu.eg

YHiBepcuTeT TaHTa, hakynsTeT NPpUPOAHNYMX HayK, Biaain Gioximii, nigpo3ain monekynsapHoi kniTuHHOI Gionorii, M. TaHTa, 31527, €rnnet

MpoTu3ananbHy ponb Me3eHxiManbHux cToBbypoBux knituH (MCK) i rmtokokopTukoigis gobpe onvcaHo sk y AOKMIHIYHMX,
Tak i B KMiHiYHMX gocnigpkeHHsix. OgHak HesicHO, Hackinbkn MCK-cekpeTom 3abesnedye AOCTaTHIN 3aXUCT Bif rOCTPOI NeYiHKOBOT
HepocTaTHocTi (FTTH) nopiBHAHO 3 rmoKokopTUKoiAamMu. [INs BUBYEHHS LbOro NUTAHHSA Y MULLEN CNPOBOKYBanu rocTpy neYiHkoBy
HegoCTaTHICTb OAHOPA30BOK TOKCUYHO A030t0 (400 mr/kr) auetamiHodeHy (APAP). MNoTim Muwwei nikyBanv gekcametazoHoM abo
nepenueann MSC-cekpeToM, oTpumaHuin 3 06pobnerHnx DEX meseHxiManbHUX CTOBOYPOBUX KNiTUH KICTKOBOTO MO3Ky. PesynsraTtu
nokasanu, wo 10 HM gekcameTa3oHy He BNMBaOTb Ha XUTTe3AaTHICTb abo MeseHxiManbHi xapaktepuctukm MCK. Xouva nepe-
nuBaHHA MCK-cekpeTtoma 3abe3nevyBano 3HayHui TepaneBTUYHMIA edekT npotu [MH, BoHO 6yno Aewo MeHLW edeKTUBHUM, HiX
nikyBaHHSA AekcameTa3oHoM. lNediHkoBi mapkepu (AnAT, N, I'TT i 6inipybiH) BUpaxeHille Nokpawwmunmcs y MULLEN, SKi OTpUMyBanm
AeKkcaMeTasoH, HiX y rpyni, ska otpumysana MCK-cekpetom. Lle nokpalueHHs cynpoBoaXyBanocsi MOMITHUM MOMereHHAM OK1C-
NeHHs, ouiHeHoro B neviHui sk Nrf-2, MDA 1a GSH. Kpim Toro, HopmaneHi pieHi aHrioreHHux (VEGF) i 3ananbHux (TNF-a) mapkepis
Oynu edheKTMBHO BiAHOBMEHI Nicns nikyBaHHS AekcameTa3oHoM. Kpim Toro, sk MCK-cekpeTom, Tak i AekcaMeTa3oH yCyBaloTb HEKPO3
neviHku. Lli Aani ceigyath npo Te, WO AekcamMeTa3oH AEeMOHCTPYE Kpalumin TepanesTniHuin edekT, Hixk MCK-cekpetoMm, y nikyBaHHi
I'MH. HeobxigHi noganbLii AocnigkeHHs ans ctaHaaptu3aauii MCK-cekpeToma sik 6e3kniTMHHOMO TepaneBTUYHOTO MiAXoay.

KntouoBi cnoBa: KM-MCK, gekcameTasoH, roctpa neviHkoBa He4OCTaTHICTb, KNiTUHX renatoMun, napaueTamort, 3ananeHHs

Diab T, Adly EM, Hessien M. Dexamethasone marginally surpasses MSC-secretome in resolving acute liver failure in mice.
Biol Tvarin. 2024; 26 (4): 12—17. DOI: 10.15407/animbiol26.04.012.
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A fairly high hereditary potential of cows of modern Ukrainian
breeds in terms of the main traits of milk production is discussed.
It was found that higher milk yield, content and amount of fat in
milk are inherent in cows of the Ukrainian Black Speckled Dairy
breed, which in the context of the four evaluated lactations were
better, except for the third (where no clear leader was found for
the main traits). In modern high-yielding herds of Ukrainian cattle,
the duration of lactation, regardless of the genotype with or with-
out Holstein bloodlines, exceeds the optimal value (305 days),
which is associated with later insemination of cows after calving
and an extended service period. Therefore, when assessing the
efficiency of dairy cows, it is advisable to take into account the
number of milk days and adjust their milk production and repro-
ductive capacity accordingly. And the effect of Holsteinisation on
the lengthening of the lactation period occurs only in the herd of
the Ukrainian Black Speckled Dairy breed. The milk yield reflex
of the cows of the studied breeds is within the limits of the ac-
cepted optimal indicators, which indicates their good adaptabili-
ty and adaptation to the technology of machine milking, and the
live weight of animals of the three studied breeds at the end of
the growing period is within the breed standards. However, it is
higher in the Red and Black Speckled Dairy breeds, which indi-
cates their better ability to high growth intensity under appropri-
ate growing conditions and, as previous studies have shown, to
better milk production. The degree of development of the main
body structure measurements of cows is within the standards
and corresponds to the norms of the dairy cow type, and no clear
advantage in favour of a certain group of cows was found for the
main measurements. The height at the withers, depth and width
of the chest are better developed in Ukrainian Black Speckled
Dairy cattle, and the oblique length of the body and the girth of
the metacarpal — in the Ukrainian Red Dairy breed, with a larger
girth of the chest in the Ukrainian Red Speckled Dairy breed.
The analysis of the reproductive function of cows gives grounds
to assert that among all the studied breeds there is a significant
deterioration, which leads, regardless of breed affiliation, to an
increase in the duration of service period (128-132 days) and the
period between calvings (406—423 days), and this negatively af-
fects the calf yield per year and, as a result, significantly increases
the insemination index (6.40—6.59). The analysis of correlations
between the main selection traits of mothers and their daugh-
ters established high predictions for their inheritance (0.48—1.06),
which will significantly increase the efficiency of selection for milk
yield and milk fat in these herds of modern breeds.

Key words: reproductive function, sexual desire, service
period, insemination index, dry period, artificial insemination,
milk production, breed
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Introduction

The intensification of dairy farming is inextricably
linked to the mechanisation and automation of labour-
intensive processes, the creation of a solid feed base,
the acquisition of highly productive cattle, and the use of
technology that takes into account the biological charac-
teristics of animals. In this regard, there is a need to eval-
uate and select animals [27]. Studying the productive,
technological and reproductive characteristics of ani-
mals of the Ukrainian Black Speckled Dairy, Ukrainian
Red Speckled Dairy and Ukrainian Red Dairy breeds of
the country for the purpose of its further improvement
and rational use is of great scientific and practical im-
portance for the successful conduct of breeding work
and dairy business [32].

In modern conditions of cultural cattle breeding, artifi-
cial selection plays a major role. When determining the ef-
fectiveness of selection, the following main indicators are
usually taken into account: the degree of inheritance, se-
lection differential, intergenerational interval, reliability of
identifying the best animals, the number of traits for which
selection is carried out, the degree of genetic and pheno-
typic variability of traits and the correlative relationships
of traits among themselves. The degree of inheritance of
a trait to a certain extent determines the rate of genetic im-
provement of the population in which this trait is selected.
Almost all economically useful traits of dairy and beef cat-
tle are quantitative and have a degree of inheritance suf-
ficient for effective selection, which makes it possible to
predict them [5]. However, selection for milk yield should
not lead to a deterioration in other traits of milk production.
At the same time, it is necessary to control the fat and
protein content in milk and other traits at a level that en-
sures the production of high quality milk and the minimum
requirements for technological properties that determine
the suitability of cows for use on mechanised farms [17].

Therefore, the aim of our work is to evaluate and pre-
dict the organisation of reproduction, selection of cows
according to the main economically useful traits among
the livestock of modern Ukrainian breeds and to model
the efficiency of selection at different intensities, which
is very relevant from both a practical and scientific point
of view.

Literature Review

Breeding is an important factor in the intensification
of dairy farming. Modern methods of breeding involve the
creation of highly productive animals that are well adapt-
ed to the least costly production technologies, taking into
account objective assessment of their breeding quali-
ties, application of population genetics and automated
information systems for managing the breeding process.
In particular important is the scientifically based selection
of breeds, the direction and pace of increasing their ge-
netic potential [24, 41].

The Animal Biology, 2024, vol. 26, no. 4

F. Eisner believes that breeding work in cattle breed-
ing is aimed at increasing dairy and meat productivity,
improving product quality and reducing its cost of produc-
tion. The main elements of breeding work are selection,
selection, and breeding methods, reproduction tech-
niques, targeted rearing of young animals, zootechnical
and breeding and breeding records. In improving the
breeding and productive qualities of animals, selection
is crucial [11, 12]. That is why dairy cows are evaluated
and selected for milk productivity, body type, live weight,
intensity of milk production, origin; bulls — for body type,
live weight, growth intensity, origin; young animals —
for body type, origin [2, 8, 13].

Boning is an organisational measure for selecting
animals on farms. According to its results, animals are
divided into the following groups: the breeding nucleus,
cows of the production cows to be culled and gelded, and
a group of repair heifers, young animals for breeding sale,
animals for fattening [23, 25].

After boning, breeding farms carry out individual se-
lection, i.e. each cow is matched with a bull sire, taking
into account its belonging to a particular line and family.
In non-breeding farms, the group selection is used.
For based on the genealogy of the herd, 2—-3 bulls are
selected for the breeding stock and assigned to them
for two years [2]. Based on the boning materials, a herd
recruitment plan is developed with breeding animals,
determine the number of young animals that need to be
raised for own needs and for sale to other farms.

On commercial farms, cows, heifers and calves older
than 6 months of age. Cows are assessed for their origin,
milk production, live weight, appearance, constitution, re-
productive capacity and health. The entire herd is divided
into three groups: breeding, production for milk produc-
tion and production for meat production [14].

Every year, in order to improve the health and compo-
sition of the herd, we cull animals to the fattening group
with subsequent sale for meat. This contributes to the
growth of the intensity of reproduction and turnover of
livestock, and enables a faster increase in of production.
At the same time, the farm replenishes its cow herd with
the help of its own production, i.e. growing animals and
then transferring them to the appropriate groups.

However, there is a culling of young animals, which
leads to a reduction in the number of cows (due to un-
satisfactory development of the animal health service,
animal care, and in modern conditions often due to lack
of funds for the purchase of medicines and biological
products) [9, 10].

In agricultural formations producing livestock prod-
ucts, it is necessary to carry out constant reproduction of
the herd in order to ensure the number of livestock and
rhythmic production of livestock products. This means
organising timely replacement of retired animals due to
aging, disease or other reasons.

According to the definition of A. S. Vsevykh [38],
herd reproduction is the regular replacement of retired
animals of the same purpose with younger and more
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highly productive ones. There are simple, extended and
narrowed reproduction of the herd. It is divided into two
parts — adult livestock and young animals of different
ages. In this case, the adult breeding stock is classified
as to fixed assets, and young stock to current assets [6].

The organisation of herd reproduction is determined
by a number of natural (biological) and organisational and
organisational and economic conditions. Biological condi-
tions include the age of the first mating of sows, the period
of their pregnancy, the cyclicity of the sow’s heat and the
time of its onset after childbirth, fertility and early maturity
of animals, their life expectancy and economic use.
Organisational and economic conditions include: cus-
tomer orders for the production and sale of products,
terms of their sale, transfer of animals through intra-
and inter-farm cooperation, elimination of the stock of
the breeding stock and increase of its fertility, timely
culling of low-breed and low-productive animals, im-
provement of breeding qualities, provision of capital
facilities, material, technical and labour resources.

In agrarian formations, herd reproduction is carried
out in two main ways: by raising their own livestock
and young animals and by purchasing them from other
farms. A significant part of agrarian formations grows
replacement young stock, creating a specialised farm
for this purpose, while smallholder farms may not have
such a farm [3].

In recent pre-war years, herd reproduction has be-
come quite widespread, which is carried out on the basis
of inter-farm cooperation, when specialised farms for rear-
ing heifers or first-born cows, reproductive or other farms,
reproductive or other farms. There are also breeding farms
to provide agricultural units that producing livestock prod-
ucts with high-quality breeding stock. Hence, deepening
specialisation and further development of inter-farm co-
operation have an impact on the organisation of livestock
reproduction, which leads to the creation of commercial
farms for the cultivation of repairing young stock [18, 26].

D. T. Vinnichuk, P. M. Merezhko point out that the
transfer of livestock to an industrial basis increases the
requirements for the reproduction of livestock and herd
completion of animals raised by complexes and farms.
In these conditions, there is an intensive use of animals
and shortening of their service life, and the need for
repair of young animals. Since industrial-type farms and
complexes have a much higher culling of adult animals
with low productivity or unsuitable for industrial technol-
ogy, and production on such farms and complexes is
characterised by fluidity and rhythmicity, then every cer-
tain period of time the corresponding number of animals
should be culled or sold. Therefore, the same number
of them must be introduced into the herd [37].

Therefore, the level of renewal and culling of breeding
stock. Given the high costs of breeding them it is in prin-
ciple beneficial for each farm to use queens for as long
as possible. However, this is only true if old queens retain
high productivity and reproductive capacity not lower than
the average in the herd. Therefore, it is justified, from both
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a zootechnical and economic point of view, a level of
culling and renewal of the herd, which helps to increase
its productivity and improve the quality of the herd.

The main requirements for the correct organisation
of herd reproduction are: timely mating of repairing
young stock, elimination of milkiness and increase of
fertility of queens; complete preservation of offspring;
improvement of breeding qualities of animals; timely
culling of timely culling of low-productive and unsuit-
able for breeding animals [1, 26].

The rational structure of the herd can be established
by taking into account certain organisational economic
and biological factors. The main ones are the production
direction of animal husbandry; the age of young animals
sold for meat; the term of productive use of adult animals
and the percentage of their annual culling; the number
of calvings of sows per year and their fertility per calving;
livestock growth rates. The decisive influence on the for-
mation of the herd structure is the production direction
of the livestock sector. A corresponding herd structure
is characterised for each direction [41].

In the process of herd reproduction, quantitative chang-
es occur in its composition and structure in connection
with the receipt and rearing of offspring, the transfer of
young animals from younger groups to the older ones,
and the sale of young animals from the use part of adult
animals. There are also qualitative changes in the com-
position of the livestock by breed, age and productivity
due to the implementation of the breeding plan and the
selection of the best animals, culling of low-productive, old
and sick animals, and the purchase of breeding animals.

It is necessary to study the structure of the herd, iden-
tify the changes that have occurred in it and give them
economic assessment, i.e. to show how appropriate
changes in the structure of the herd are in terms of in-
creasing the volume of production, rational use of labour
and feed resources and maximising profits. To do this,
the actual level of the above indicators are compared with
the calculated level that would have occurred under all
actual conditions, but with the planned (basic) structure
of the herd [34]. It is also necessary to study the breed
composition for each group of animals, to determine the
proportion of each breed in the total livestock to establish
changes in the breed composition of the herd compared
to the plan and data of previous years. When determining
the economic efficiency of different breeds of animals, the
following should be taken into account productivity, feed
and labour costs per 1 animal and 1 tonne of production,
costs and profit per 1 animal and 1 tonne of production.
Analysis of the breed composition of the herd and cal-
culation of the impact of this factor on the of this factor
on the results of economic activity is carried out for each
group and type of animals with the subsequent general-
isation of the analysis results [40].

Another method of selection and breeding work when
planning the structure of the herd is the timely introduc-
tion of first-born cows into the herd. It has been estab-
lished that the selection of first-born cows by their own
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productivity is about twice as effective as selection by
origin. Therefore, for reproduction of the herd, 78-82%
of the received heifers are used in order to 100 cows to
raise at least 34—35 first-born heifers. Breeding work with
the herd is based on the principles of inter-farm special-
isation. For the rational use of the obtained the firstborn
cows, it is better to test them in control barns or control
groups. To organise them, the oldest groups of cows
should be fully or half disbanded groups of cows into
milkers and put heifers in the vacant places [20, 32].

The question of whether to use the first-born heifer
to repair the main herd should be decided before she
is inseminated (during the first 2—-3 months of lactation).
Up to 30% of firstborns are subject to rejection and
culling, this ensures the introduction of the most high-
ly productive animals into the main herd. When using
the first-born evaluation system based on their own pro-
ductivity, there should be an increase in the repair herd
of heifers — 85-90 average annual animals for every
100 cows. The service life of a highly productive cow
should be at least 6 lactations, and cows with record milk
production — up to 8 lactations. The most optimal age
structure of the dairy herd can be as follows: first-born —
21-22%, the second calving — 18-19, the third — 16—
17, the fourth — 14-15, the fifth and older — 27-32%.
It is desirable to carry out targeted recruitment of the best
herds with the most productive first-born cows [28].

Thus, selection methods in planning the structure
of the animal herd should be aimed at creating dairy
herds that would have high productivity, good health
strong constitution, suitable for machine milking, adapt-
ed to the conditions of and the accepted technology of
milk production, and to pass on their qualities to their
offspring in a sustainable manner.

Therefore, the goal of the research was: to determine
the effectiveness of selection of dairy cows at different
intensities. To achieve this goal, the following tasks were
set: to assess the hereditary potential of female cattle
ancestors; to conduct a comparative analysis of the milk
production of cows of different breeds — Ukrainian Red
Dairy (URD), Ukrainian Black Speckled Dairy (UBSD) and
Ukrainian Red Speckled Dairy (URSD); to study the pecu-
liarities of growth and development of females and their
relationship with milk production; to evaluate the reproduc-
tive traits of cows; to investigate the level of inheritance of
the main traits of animal selection; to model the selection
effect and evaluate its implementation in cattle herds.

Materials and Methods

The research was carried out on the basis of “Kolos
2011” LLC located in the Matrosivka village, Ochakiv dis-
trict, Mykolaiv region in the period 2020-2024. Object
of research: analysis of the dynamics of selection traits
under the influence of different selection pressures.
Subject of research: the degree of inheritance of traits
at different selection intensity in dairy cows.
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The study analysed the selection and breeding
work on the farm, breeding and reproduction of the
herd, veterinary and sanitary conditions, mechanisa-
tion of production processes, organisation and remu-
neration of labour. The materials used in this study
were production activities, zootechnical, production
and accounting records kept on the farm. The study
of the main selection traits was based on the methods
generally accepted in zootechnology [7, 22, 40].

The formula [4] was used to determine the level of
inheritance of selection traits:

h2=2xr (1),

where h? is inheritance rate;
ris a correlation between mother and daughter traits.

The following formulas were used to model the se-
lection effect [3, 11, 12]:

SE = Sd x h? (2),

where SE is a selection effect;
Sd is a selection differential.

Sd = Xpo = Xir (3);

where X, is the average productivity of animals of the
breeding nucleu;
X, is the average productivity of the herd.

Xbc = th + 6 x I (4)=
where i is an intensity of selection (15, 30, 45%).

i=1,5486, u=1,04;i=1,1617,u=0,52; = 0,8791,
u = 0,13 respectively.

Xu:th+UX6 (5);
where X, is a breeding limit.

The indicators of the investigated traits were deter-
mined according to generally accepted algorithms of vari-
ation statistics in animal husbandry. The average values
of the females of the herd were taken as the control group
in the experiment without determining the breed.

At the final stage of the research, conclusions and pro-
posals were drawn up, including suggested measures.

Results and Discussion

The genetic potential is a set of genetic information
carriers that determine the ability of animals to produce
products under certain conditions of feeding, hous-
ing, use, etc. This indicates the relevance of research
aimed at a comprehensive solution to the problem of
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Table 1. Milk yield of female ancestors of cows (for 305 days, kg)

for higher lactation

The level of development of the trait

Breed n and its variability and probability
X+S, o C, d+S, t
Mothers
URD 30 5405+313.0 1713 31.7 -203+368 0.55
UBSD 30 5656+425.0 2328 41.2 48+467 0.10
URSD 30 5762+254.6 1394 24.2 1541320 0.48
Onaverage 90 5608+193.8 1838 32.8 X x
Mothers of mothers
URD 30 4578+160.3 878 19.2 -1143+248 4.6™
UBSD 30 7072+363.0 1988 28.1 1351+410 3.29"
URSD 30 5511+255.3 1398 254 -210+318.2 0.65
On average 90 5721+189.9 1802 31.5 X X
Mothers of fathers
URD 30 8712+260.1 1424 16.4 -865+343 2.52°
UBSD 30 10180£309.0 1693 16.6 603+381 1.58
URSD 30 9840+505.8 2770 28.1 263553 0.47
Onaverage 90 9577+223.4 2120 221 x x

Table 2. Fat content in milk (%) of female progenitors of cows

for higher lactation

The level of development of the trait

Breed n and its variability and probability
X+S, o C, d+S, ity
Mothers
URD 30 3.76+0.032 0.17 4.73 -0.01+0.035 0.28
UBSD 30 3.75+0.026 0.14 3.73 -0.02+0.030 0.67
URSD 30 3.80+0.015 0.08 2.22 0.03+0.02 1.5
Onaverage 90 3.77+0.015 0.14 3.70 X X
Mothers of mothers
URD 30 3.72+0.030 0.17 4.44 -0.04+0.037 1.08
UBSD 30 3.83+0.058 0.32 8.24 0.07+0.062 1.13
URSD 30 3.73#0.023 0.13 3.48 -0.03+0.032 0.93
Onaverage 90 3.76+0.023 0.22 5.90 X x
Mothers of fathers
URD 30 4.31+0.060 0.33 7.69 0.10+0.075 1.33
UBSD 30 4.36£0.102 0.56 12.81 0.15+0.111 1.35
URSD 30 3.97+0.049 0.27 6.78 -0.24+0.047 5.10™
Onaverage 90 4.21+0.046 0.44 10.37 x x

Table 3. Amount of milk fat (kg) of female progenitors
of cows during higher lactation

The level of development of the trait

Breed n and its variability and probability
XS, g C, d+S, ty
Mothers
URD 30 204+123 67.2 329 -7+143 048
UBSD 30 212+16.2 88.9 41.9 1+£17.8 0.05
URSD 30 21849.3 50.8 23.2 7+11.9 0.59
Onaverage 90 211+7.4 70.2 33.2 x X
Mothers of mothers
URD 30 170+6.2 33.8 19.8 -46+9.7 4.74"
UBSD 30 271+145 794 293 55%16.3 3.37"
URSD 30 206+9.8 535 259 -10+12.3 0.81
Onaverage 90 216%7.5 71.5 33.1 x X
Mothers of fathers
URD 30 376134 732 194 -31x17.9 1.73
UBSD 30 4504+23.3 127.9 284  43+26.2 1.64
URSD 30 393+21.9 1201 30.5 -14+249 0.56
Onaverage 90 407+11.9 113.0 27.8 x x
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accelerating the pace of genetic progress in dairy cattle
breeding through theoretical substantiation and prac-
tical implementation of methodological principles for
evaluating and selecting animals by a set of traits and
creating an improved breeding system on this basis [16,
21]. Therefore, the genetic potential of cows of modern
Ukrainian breeds created with the involvement of the
world’s best gene pool was studied and their influence
on the degree of its implementation in dairy cattle herds
was established. Thus, having assessed the hereditary
potential of cows of the experimental stock in terms of
milk yield, it should be noted that mothers have a milk
yield of at least 5000 kg. Mothers of URSD cows have
a higher value — 5762 kg (table 1).

The difference with the control group is 154 kg. At the
same time, Ukrainian red dairy ancestors are character-
ised by the lowest milk yields. The difference in favour of
the control values is 203 kg of milk. The mothers of the
mothers are characterised by slightly lower productivity
indicators with a fairly wide range of variation from the
control group — from 210 to 1351 kg. In this generation
of ancestors. the highest values of milk yield are inherent
in the UBSM cattle — 7072 kg (P>0.99) while its lowest
values are in the URSD breed — 4578 kg. They are sig-
nificantly inferior to the control data by 1143 kg (P>0.999).
The highest values of the hereditary potential for milk
yield are characterised by mothers of fathers whose level
of trait development reaches more than 10000 kg of milk.
The female ancestors of the URD breed have lower milk
yields — 8712 kg. which are 865 kg less than the control
animals with a probability of P>0.95. The mothers of the
fathers of the UBSD breed have the highest productivity
indicators — 10180 kg. which exceed the control values
by 603 kg. Among the last two generations of female an-
cestors. another Ukrainian diary breed (Red Speckled)
occupies an intermediate place in terms of milk yield
development.

When assessing the hereditary potential for fat content
in milk. we observe a fairly high level of its manifestation.
Mothers of the URSD breed have a milk fat content of
3.80%, which is the highest advantage over the control
group of animals — 0.03%. The fat content of mothers
of the other two breeds (URD and UBSD) does not differ
significantly from each other — 3.76 and 3.75%, respec-
tively (table 2).

The trend of fat content in milk among mothers has
changed somewhat. Thus, female progenitors of the
UBSD breed are characterised by higher values — 3.83%,
which is 0.07% higher than the control indicator. The fat
content of the URD and URSD breeds also does not differ
significantly (3.72 and 3.73%). Mothers of fathers of the ex-
perimental groups of cows have the highest fat content in
milk — 3.97—4.36%. The largest fluctuation from the con-
trol data was observed in the mothers of fathers of URSD
breed by 0.24% in favour of the former with a reliability of
P>0.999. The other two experimental groups of female an-
cestors, on the contrary, exceed the control group by 0.10
and 0.15%, although the difference is not significant.
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The female ancestors are also characterised by a fair-
ly high hereditary potential in terms of the amount of milk
fat (table 3). For mothers, the highest amount of milk fat
is inherent in URSD cows — 218 kg, which is 7 kg more
than the control data. A similar trend is observed among
the mothers of the URD breed. but they are already infe-
rior to the control indicators. Among the mothers, a higher
level of development of this trait is already characteristic of
the UBSD breed — 271 kg which is significantly (P>0.99)
higher than the control value by 55 kg. Similarly to the
previous group of ancestors, the lowest level of develop-
ment of the trait is inherent in the ancestors of the URD
breed — only 170 kg of milk fat which is a difference of
46 in favour of control animals (P>0.999). A similar trend
is observed among the mothers of the fathers. Thus, rep-
resentatives of the URD breed are characterised by lower
values of milk fat — 376 kg compared to the other two
breeds — UBSD (450 kg) and URSD (393 kg) but this
difference is not significant.

Characterising the milk yield of cows of different breeds
during the first lactation, we note that it is quite high for first-
calf cows — from 4974 to 6210 kg of milk. and the maxi-
mum is observed in UBSD cows — 6210 kg; they exceed
the control group by 743 kg with a significant difference
(P>0.999). The lowest milk yield is characteristic of URSD
cows (4974 kg). Their difference with the control group in
favour of the latter is 493 kg. The trend of milk yield for the
second lactation has changed and the cows of URD cat-
tle are characterised by lower milk yields — only 5964 kg.
They are 383 kg lower than the control data (table 4).

The other two experimental groups of cows (URSD
and UBSD) exceeded the control group by 258 and 641
(P>0.95) kg of milk, respectively. The data of the third lac-
tation confirm that again no clear advantage in milk yield
was found. Thus, the maximum milk yield was 7124 kg,
with an advantage over the control group of 676 kg
of milk. The other two experimental groups of cows are
inferior to the control data. The minimum advantage is ob-
served in UBSD cattle — only 31 kg. The analysis of high-
er lactation showed that the URSD cattle again had the
lowest milk yield, which reached a level of only 6978 kg.
The maximum milk yield of the UBSD breed is 7593 kg,
which is 301 kg higher than the control values. The oth-
er experimental group of cows occupies an intermediate
place, but exceeds the indicator of the control group.

Our comparative analysis of the fat content in milk sug-
gests that during the first lactation, it varies from the control
group by +0.01%. UBSD cows have the highest fat content
in milk (3.81%). Two other Ukrainian breeds have the same
level of development of this trait within 3.79% (table 5).
Indicators of the second lactation in terms of fat content
in milk, compared to the first slightly, decreased (3.73—
3.80%). But its maximum manifestation is also inherent
in UBSD cows — 3.80% with an advantage over control
animals by 0.04%. On the contrary, URSD cattle have the
lowest fat content in milk — 3.73%. The fat content in milk
during the third lactation changed its direction again. Thus,
UBSD cows have the lowest fat content (3.79%), which

The Animal Biology, 2024, vol. 26, no. 4

Table 4. Milk yield in cows of different breeds
for 305 days of lactation, kg

The level of development of the trait

Breed n and its variability and probability
)_(iS,, g CV disd ty
First lactation
URD 30 5216+258.2 1415 27.1 -251+290.6 0.86
UBSD 30 6210+153.4 841 13,5 743+203.3 3.65"
URSD 30 4974+210.8 1150 23.1 -493+249.5 1.97
Onaverage 90 5467+133.4 1266 23.1 X x
Second lactation
URD 30 5964+264.1 1444 242 -383+309.5 1.24
UBSD 30 6988+257.5 1410 20.2 641+303.9 2.11°
URSD 30 6089+288.4 1575 259 -258+330.5 0.78
Onaverage 90 6347+161.4 1532 241 x x
Third lactation
URD 30 7124+352.6 1928 27.1 676+432.3 1.56
UBSD 30 641714795 2626 40.9 -31+540.8 0.06
URSD 30 5802+439.1 2403 414 -6461+505.4 1.28
Onaverage 90 6448+250.2 2374 36.8 x x
The highest lactation
URD 30 730413054 1673 229 124258.2 0.05
UBSD 30 7593+257.8 1412 18.6 301+153.4 1.96
URSD 30 6978+269.5 1475 21.1 -3141£210.8 1.49
Onaverage 90 7292+161.1 1528 20.9 x x

Table 5. Fat content in milk (%) of cows of different breeds

The level of development of the trait

Breed n and its variability and probability
XS, g C, d+S, ty
First lactation
URD 30 3.79+0.023 0.13 0.35 -0.01+0.026 0.38
UBSD 30 3.81+0.019 0.10 2.73 0.01+0.023 0.43
URSD 30 3.79+0.025 0.14 3.60 -0.01+0.028 0.36
Onaverage 90 3.80+0.013 0.12 3.22 x X
Second lactation
URD 30 3.76+0.024 0.13 3.51 0 0
UBSD 30 3.80+0.021 0.12 3.08 0.04+0.028 1.43
URSD 30 3.73+0.026 0.14 3.87 -0.03+0.029 1.03
Onaverage 90 3.76+0.014 0.13 3.55 x X
Third lactation
URD 30 3.81+0.022 0.12 3.18 -0.01+0.025 0.40
UBSD 30 3.79+0.024 0.13 3.52 -0.03+0.027 1.11
URSD 30 3.85+0.024 0.13 3.39 0.03+0.027 1.11
Onaverage 90 3.82+0.013 0.13 3.38 x X
The highest lactation

URD 30 3.79+0.022 0.12 3.15 0.01+0.026 0.38
UBSD 30 3.77+0.021 0.12 3.09 -0.01+0.025 0.40
URSD 30 3.77+0.031 0.17 4.46 -0.01+0.034 0.29
Onaverage 90 3.784#0.014 0.13 3.59 x x

is 0.03% less than the control data. At the same time, the
URSD cattle of the same age showed the maximum fat
content — 3.85% and their advantage over the control
values is 0.03%. The comparative characterisation of this
trait for higher lactation again does not give unambiguous
results. The two Ukrainian speckled dairy breeds, Black
and Red, have the same fat content of 3.77%, which is
the lowest compared to URD cattle (3.79%).

23



T'vab M. ., Mocyxid B. O., Tumodiis M. M.

OpraHisauis BiATBOPEHHS CTaga XyA061 MOJOYHOIO HaNPAMKY MNPOAYKTUBHOCTI

We also evaluated the amount of milk fat in cows of
the experimental groups (table 6). A higher amount of milk
fat during the first lactation was observed in UBSD cows
(237 kg), which is 29 kg higher than the control data with
a significant difference (P>0.99). The other two groups of
animals have no significant difference between them and
are characterised by the amount of milk fat in the range
of 190-198 kg. A similar trend is observed in the second

Table 6. Amount of milk fat (kg) in cows of different breeds

The level of development of the trait

Breed n and its variability and probability
XS, o C, d+S, ity
First lactation
URD 30 198+10.5 574 289 -10+11.8 0.85
UBSD 30 237+6.0 33.1 13.9 2948.1 3.58”
URSD 30 190+8.7 47.6 251 -18%£10.2 1.76
Onaverage 90 208+5.4 50.9 24.5 X x
Second lactation
URD 30 224+9.6 526 235 -15¢11.3 1.33
UBSD 30 265+9.7 52.9 199 26+x11.4  2.28
URSD 30 227+104 573 253 -12+12.0 1.0
Onaverage 90 2394#6.0 57.0 23.9 x X
Third lactation
URD 30 271+13.2 722 26.7 26+16.2 1.60
UBSD 30 2424179 982 40.5 -3+20.2 0.15
URSD 30 222+16.5 904 407 -23%189 1.22
Onaverage 90 245194 88.9 36.3 X x

The highest lactation

URD 30 277+116 635 229 2+13.1 0.15
UBSD 30 287+9.7 534 18.6 12+11.4 1.05
URSD 30 263+104 569 217 -12+12.0 1.00
Onaverage 90 27516.1 58.3 211 x x

Table 7. Dynamics of lactation duration (days)
in cows of different breeds

The level of development of the trait

Breed n and its variability and probability
XS, g C, d+S, ty
First lactation
URD 30 330+11.0 60.3 183 —-4+129 0.31
UBSD 30 348+11.4 624 179 14+13.3 1.05
URSD 30 325%#12.8 699 215 -9+145 0.62
Onaverage 90 33416.8 64.4 19.2 x X
Second lactation
URD 30 342+157 859 251 3x17.5 0.17
UBSD 30 349137 749 214 10£15.7 0.63
URSD 30 326x104 569 174 -13x129 1.00
Onaverage 90 339+7.7 73.3 21.6 x x
Third lactation
URD 30 354+18.2 995 28.1 40+21.3 1.88
UBSD 30 315%#19.5 107.3 33.9 1+£22.5 0.04
URSD 30 2744183 100.5 36.6 -40+21.4 1.87
Onaverage 90 314+11.2 1064 33.8 x x
The highest lactation

URD 30 360+13.6 744 20.6 10+15.3  0.65
UBSD 30 357+13.5 73.8 20.7 7+15.2 0.46
URSD 30 334+79 431 129 -16%105 1.52
Onaverage 90 350+6.9 65.7 187 X X
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lactation. UBSD cows have a higher manifestation of this
trait — 265 kg with a probable advantage over the con-
trol data of 26 kg (P>0.95). The other two experimental
groups of cows do not have a significant difference be-
tween them and are inferior to the control indicator by
15 and 12 kg of milk fat. The degree of manifestation of
the amount of milk fat in the third lactation has changed
slightly and the best cows were URD breed — 271 kg.
The other two breeds have lower values of milk fat and
are inferior to the control data. Analysing the highest
lactation by the level of development of this trait, we
note again the natural tendency of the UBSD cows to
be superior — 287 kg. At the same time, the minimum
amount of milk fat is inherent in URD cows (263 kg).

Cows of Ukrainian Black Speckled and Red Speckled
dairy breeds are characterised by high genetic potential
in terms of milk production and reproductive capacity.
However, in herds that currently have a high proportion
of heredity for the Holstein breed, there is a deterioration
in the main indicators of reproductive capacity.

One of the most significant indicators that affects the
level of productivity and reproductive capacity of cows is
the duration of lactation or the number of milk days. In par-
ticular, the number of lactation days has a 21.1% influence
on milk yield, and the amount of milk fat — 19.7% [36].
It has been established that the most economically profit-
able animals are those that lactate for 305 days and give
birth to one calf per year. To ensure such a long lactation
period, it is necessary to inseminate cows after calving in
the third heat. This makes it possible to increase the ser-
vice period to 60 days and the lactation period during preg-
nancy to 245 days. Even a slight improvement in reproduc-
tive performance leads to an increase in milk production
in cows, therefore, it is necessary to strive to maintain the
optimal periodicity of pregnancy in cows, which in turn will
contribute to the growth of productivity in the herd [25].
Therefore, the research was aimed at conducting a com-
parative analysis of the duration of lactation in cows bred
with and without the Holstein breed. Thus, the dynamics of
the duration of the first lactation, based on the data in table 7,
slightly exceeds the generally accepted norms — 305 days.
Speaking in terms of breeds, it should be noted that URSD
cows have the lowest number of milk days (325 days).
At the same time, representatives of the URD breed do not
have Holstein blood in their genotype and do not differ in
its lowest manifestation — 330 days. And accordingly, the
longest lactation is characteristic of UBSD cows (348 days).
A similar trend is observed in the context of the second lac-
tation, where the largest number of milk days is observed in
UBSD cattle — 349 days, and the smallest (326 days) —in
cows of another Ukrainian breed, in the creation of which
Holsteins took part. The data of the third lactation in terms of
its duration are somewhat different from the above trends.
Namely, the cows bred by Holstein sires have the most opti-
mal lactation duration of 274 and 315 days, which is almost
within the zootechnical standards. At the same time, URD
cows have the longest lactation period — 354 days, which
is significantly higher than the accepted norms and is not
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economically viable. The analysis of higher lactation also
suggests that milk production in this farm during this period
is economically unprofitable, as the number of milking
days is almost one year.

In production conditions, animals are forced to adapt
to new conditions with the stress of their physiological
systems, which subsequently leads to poor health and
the development of stress. It is this condition that neg-
atively affects productivity and product quality, causing
large losses to economic activity [7]. In cattle breeding,
some animals have the ability to quickly adapt to the lat-
est technologies and conditions, others are slower or not
capable of such adaptation at all. In the industry, up to
30% of highly productive cows are culled annually for this
reason, thereby causing losses to the farm, both the fail-
ure to obtain a significant amount of milk from them and
the failure to select young animals of breeding value [40].
Machine milking of lactating animals is now almost com-
pletely mechanised, but not all farms have a high level of
cow productivity. That is why, in order to obtain high milk
production in this way, knowledge of the biological basis
of lactation function and the ability to use it in dairy farming
practice is necessary [42]. Milking is a complex biotech-
nological process where, with the help of a machine, hu-
man influence is directed to the living organism of cows.
and the value of productivity per lactation depends on the
fullness of interaction between them [3]. Therefore, the
purpose of our research was to trace the degree of ad-
aptation of high-yielding cows to the technology of ma-
chine milking, depending on their breed. Thus, it should
be noted that in the context of the studied lactations, the
intensity of milk production of all breeds without exception
is in the optimal range of 1.83-2.01 kg/min. (table 8). The
maximum intensity of milk production in UBSD cows is
also noteworthy, which in the context of all studied lacta-
tions was 1.96—2.02 kg/min. Other first-born cows had the
intensity of milk production at the level of 1.83—1.87 kg/min,
which is 0.05-0.01 kg/min lower than that of UBSD cows.
Regarding the intensity of milk production in experimental
cows with two calvings, it was practically at the same level
in Ukrainian Red Speckled and Red dairy animals — 1.81
and 1.85 kg/min. And as already noted, the best intensity of
milk production is inherent in UBSD cows — 2.01 kg/min.
The data on milk production of cows at an older age
after the third calving do not differ significantly.

According to the best practices, intensive growth and
development of repair heifers largely determines the de-
sired body type of adult animals and, as a result, allows
to maximise the hereditary potential of the subsequent
milk production of cows [7, 10]. From the production
point of view, the early maturity of repair heifers reduces
the unproductive period of growing from birth to calving.
From the selection point of view, it accelerates the pro-
cess of evaluating bulls by the quality of offspring and
promotes intensive reproduction of the herd, which ulti-
mately significantly determines the level of profitability of
dairy farming [22, 40]. In addition, it was found that the
value of live weight of heifers at the end of the growing
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Table 8. Dynamics of milk production rate (kg/min)
in cows of different breeds

The level of development of the trait and its

Breed n variability and probability
X+S, g C, d+S, t
First lactation
URD 30 1.83+0.015 0.08 4.44 -0.05+0.019 2.63"
UBSD 30 1.96+0.031 0.17 8.63 0.08+0.034 2.35
URSD 30 1.87+0.011 0.06 3.35 -0.01+0.017 0.59
Onaverage 90 1.8840.013 0.13 6.69 x X
Second lactation
URD 30 1.81+0.015 0.08 4.62 -0.08+0.022 3.64"
UBSD 30 2.01+0.035 0.19 9.56 0.12+0.038 3.16"
URSD 30 1.85+0.009 0.05 2.61 -0.04+0.018 2.22"
Onaverage 90 1.89+0.016 0.15 7.98 x X
Third lactation
URD 30 1.85+0.010 0.05 3.02 -0.05+0.019 2.63"
UBSD 30 2.01+0.037 0.20 10.18 0.11+0.040 2.75™
URSD 30 1.84+0.017 0.09 5.25 -0.06+0.023 2.60°
Onaverage 90 1.90+0.016 0.15 8.16 x x
The highest lactation
URD 30 1.85#0.011 0.06 3.23 -0.06+0.019 3.15"
UBSD 30 2.02+0.037 0.20 10.03 0.11+0.039 2.82"
URSD 30 1.86+0.010 0.05 2.80 -0.05+0.018 2.77"
Onaverage 90 1.91+0.015 0.15 7.74 x x

period and the beginning of the mating period is pos-
itively correlated with the subsequent milk production
for the first and other lactations [35, 39].

According to M. Zubets and co-authors [43], an integral
part of the advanced selection of dairy cattle is the evalu-
ation of breeding animals at an early age and at different
stages of their individual development. In this case, the
main method of morphological studies of animal growth
involves recording live weight. The results of these obser-
vations are indicators of animal growth and development,
which characterise the intensity of metabolic processes
occurring in the body. Therefore, taking into account the
relevance of this issue, we studied the features of growth
and development of heifers and their ability to high growth
intensity under appropriate growing conditions, and how
the latter affects their productivity. Thus, having carried out
(table 9) an assessment of live weight at birth, it should
be noted that cows in the genotype of which there is the
presence of Holstein blood are distinguished by a higher
live weight at birth — UBSD (30.9 kg), URSD (33.8 kg).

Moreover, the latter significantly exceed the control
values by 2.7 kg (P>0.99), compared to URD cattle (only
28.4 kg), which are inferior to the control group at the
third level of probability (P>0.999). The dynamics of live
weight at three months has changed somewhat. there is
an unusual variability in the growth and development of
cows originating from the Holstein breed — heifers of the
URD group, on the contrary, they are characterised by
the highest live weight, which reaches 88.9 kg, compared
to two other Ukrainian Black Speckled and Red Speck-
led breeds — 82.9 and 85.6 kg, respectively. By the way,
UBSD cattle, unlike the previous period, has the lowest
live weight. A similar trend is observed in the following age
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periods at the age of six and nine months: URD heifers ex-
ceed their URSD and UBSD peers in terms of live weight
development, and the latter generally have the lowest live
weight in the above two age periods. At twelve months
of age, there were also changes in the growth and de-
velopment of heifers. Although URD cattle remained the
leader in terms of live weight — 228.6 kg among the an-
imals of the other two Ukrainian breeds, there was a ro-
tation. That is, the UBSD cattle of the same age grew
and gained weight slightly better than their Red Speckled
counterparts — 209.3 and 207.4 kg, respectively. A sim-
ilar trend is observed at the age of fifteen months — the
advantage remains in favour of the URD breed with
265.1 kg. However, the UBSD cattle of the same age as

Table 9. Dynamics of live weight (kg) of heifers, heifers and cows
of different breeds

The level of development of the trait and its

Breed n variability and probability
X+S, o C, d+S, ity
At birth
URD 30 284+0.25 286 101 -2.740.54 5.0™
UBSD 30 30.9+0.83 4.55 14.7 -0.2£0.96 0.21
URSD 30 33.8+t0.83 4.53 134 2.7+0.96 2.81"
Onaverage 90 31.1+0.48 4.58 14.8 X x
3 months
URD 30 88.9+2.05 11.23 126 3.1+247 1.25
UBSD 30 82.9+2.74 15.03 18.1 -2.9+3.07 0.94
URSD 30 85.6+2.25 1233 144 -0.2+t2.64 0.07
Onaverage 90 85.8+1.38 13.05 15.2 X x
6 months
URD 30 150.1+4.55 2490 16.6 13.615.20 2.61"
UBSD 30 126.5+4.30 23.54 18.6 -10.0+4.98 2.0
URSD 30 132.8+2.97 16.27 12.25 -3.7+3.89 0.95
Onaverage 90 136.5+2.52 23.88 17.5 X x
9 months
URD 30 182.3+3.97 21.73 11.9 9.9+496 1.99
UBSD 30 164.2+6.19 3391 20.6 -8.2+6.86 1.19
URSD 30 170.8t4.64 2543 149 -1.6+5.51 0.29
Onaverage 90 172.4+2.97 2820 16.3 X x
12 months
URD 30 228.6+5.95 3261 143 13.5+7.18 1.88
UBSD 30 209.3+7.80 42.71 204 -5.7+8.78 0.65
URSD 30 207.4+6.54 3583 17.3 -8.0+7.68 1.04
Onaverage 90 215.1+4.02 38.10 17.7 X x
15 months
URD 30 265.1+6.86 37.60 14.2 13.8+8.34 1.65
UBSD 30 254.4+10.11 55.36 21.8 3.1£11.17 0.28
URSD 30 234.5+6.45 3534 151 -16.8+8.01 2.10°
Onaverage 90 251.3+4.75 45.05 17.9 X x
18 months
URD 30 299.9+8.16 44.72 149 16.6+9.85 1.68
UBSD 30 289.8+11.95 65.44 226 6.5£13.16 0.49
URSD 30 260.3+6.46 3539 13.6 -23+8.50 2.70°
Onaverage 90 283.3+5.52 52.35 18.5 X x
24 months
URD 30 326.1£8.47 46.39 14.2 12.9+10.32 1.25
UBSD 30 325.7+12.98 71.07 21.8 12.5+14.26 0.88
URSD 30 287.9+6.92 37.89 13.2 -25.3+9.09 2.78"
Onaverage 90 313.245.90 56.03 17.9 X x
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the URSD cattle used feed better and the difference in
weight between them and the representatives of the first
group decreased to 10 kg. The level of live weight de-
velopment at the age of eighteen months has a similar
manifestation to the previous age period. At the end of
the growing period, at the age of twenty-four months, the
live weight of URD and UBSD cows almost levelled off
and amounted to 326.1 and 325.7 kg, respectively. At the
same time, the URSD cattle of the same age were signifi-
cantly inferior to them in terms of live weight development
(only 287.9 kg, P>0.99), that is within 30 kg less than
the above-mentioned breeds.

In the process of ontogenesis, hereditary transmis-
sion and variability of maternal traits are carried out
as a result of genotype and environmental conditions.
During growth and development, an animal acquires not
only breed and species characteristics, but also peculiar
features of constitution, appearance and productivity [25,
41]. Therefore, the study of individual animal development
is of great scientific and practical importance, as it allows
for the selection and cultivation of the most valuable indi-
viduals — the fathers of the next generations.

In all countries of the world of intensive livestock pro-
duction, the assessment of the appearance and consti-
tution of animals is used. In the context of modern hous-
ing technologies that require standardisation of animals
by key indicators, a comprehensive assessment of dairy
cattle is required, in which body type assessment and
selection is becoming increasingly important. Evaluation
of body type is included as a component of all breed-
ing programmes when improving existing and creating
new types and breeds [41]. For the successful opera-
tion of animals in industrial technology, dairy cows must
be distinguished by the appropriate exterior type: strong
body structure, developed body, strong hooves and cor-
rect limb position, appropriate mofological and function-
al properties of the udder. Animals with well-developed
traits are usually characterised by higher productivity
and a longer service life [42].

Since breeds and intrabreed types of dairy cattle in
Ukraine have certain differences in appearance due to
the use of a multi-breed maternal basis in the process of
their creation and different options for selection and se-
lection even within individual breeding herds, the study
of cows of modern URD, URSD and UBSD breeds to
determine the main traits of the exterior and their influ-
ence on milk production are considered relevant from
both scientific and practical points of view, which was
the purpose of our research. Thus, the assessment of
the height at the withers (table 10) shows that its highest
value is observed among UBSD cows — 134 cm and
their superiority over the control data by 2 cm with a sig-
nificant difference (P>0.99). URD cattle, on the contrary,
are inferior to all experimental groups in this respect
(131 cm) and URSD breed peers have similar data on
withers to control animals — 132 cm.

Oblique length has slightly different characteristics.
Thus, URD cows have the highest development of
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160 cm and significantly exceed the control group by
2 cm (P>0.95). And representatives of two other Ukrainian
breeds, Black Speckled and Red Speckled, have the
same degree of oblique body length development —
157 cm, which is probably due to their common origin.

The degree of development of the chest, which is char-
acterised by the depth of the chest and its width, is better in
UBSD cattle — 73 and 46 cm, respectively. Another dairy
breed, the URSD, is also characterised by good chest de-
velopment: 72 and 45 cm, respectively. Slightly smaller
measurements are inherent in URD cattle — 71 and 44 cm,
respectively. The first two breeds, regarding the research,
are potentially capable of producing more milk because
their rib cage is somewhat better developed compared to
URD cattle. A somewhat different trend is observed in the
development of the chest girth, where a better degree of
development is observed in URSD cows (206 cm), while
its values are worse in UBSD cows (203 cm). Its differ-
ences with the control group are within £1-2 cm.

No significant difference in the level of development of
the metacarpal girth was found; its value in cows of the ex-
perimental groups is in the range of 19.5—19.9 cm with fluc-
tuations from the control values at the level of 0.1-0.3 cm.

The degree of development of the width of the hind-
quarters in makloks among cows of all experimental
breeds has the same value — 51 cm and no absolute
difference between them was found.

In the context of intensification and specialisation of
dairy farming on an industrial basis, high productivity and
regular reproduction of animals determine the profitability
of breeding farms. The high intensity of animal selection,
which is the basis for the genetic progress of the herd,
places high demands on the reproductive function of an-
imals [1]. Increasing the level of reproductive function in
cattle breeding has always been problematic and is cur-
rently of great practical and scientific interest, especially
to highly productive animals and animals of new geno-
types, since reproductive disorders, primarily in cattle,
reduce the period of economic use, reduce the level of milk
production, and at the same time the profitability of the
industry as a whole [7].

The level of reproductive capacity of cows is signifi-
cantly influenced by the proportion of heredity for the im-
proving breed. With the increase of conditional bloodlines
in the Holstein breed, the reproductive capacity of cows
improves [15]. But there are also opposing statements
[29, 41]. Therefore, we set out to investigate the level of
reproductive capacity of cows that were created using the
best world gene pool under the conditions of a given farm.

When making a comparative assessment of the dura-
tion of the service period, it should be noted that among
all the studied groups it is significantly extended — 128—
132 days, which will have a negative impact on the profit-
ability of milk production. The lowest number of days from
calving to fertile insemination is spent by URSD dairy
cows — 128 days, and the highest — by the peers of the
other group — UBSD — 132 days (table 11). The varia-
tion from the control group is £2 days.
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Table 10. Linear measurements (cm) of first-born cows
of various breeds

The level of development of the trait and its

Breed n variability and probability
)_(is,, g C, d+S, Iy
Height at the withers
URD 30 131+05 259 1.9 -1£0.58 1.72
UBSD 30 134+05 3.05 23 2+0.58  3.44"
URSD 30 132#05 293 22 0 0
Onaverage 90 132+#0.3 3.02 2.3 X x
Oblique body length
URD 30 160+0.7 4.16 2.6 2+0.92 21T
UBSD 30 157#1.0 565 3.6 -1£1.17 0.85
URSD 30 157#14 799 51 -1£1.52  0.66
Onaverage 90 158+0.6 6.28 4.0 X x
Chest depth
URD 30 71£0.7 392 55 -1£0.81 1.23
UBSD 30 73+0.6 321 44 1£0.72 1.39
URSD 30 72+0.7 383 53 0 0
On average 90 7240.4 3.69 5.1 x x
Chest width
URD 30 4410.7 362 82 -1£0.81 1.23
UBSD 30 4610.5 3.06 6.6 1£0.64 1.56
URSD 30 4510.8 426 95 0 0
On average 90 45+0.4 3.72 83 X x
Chest circumference
URD 30 205#19 1042 541 1£2.15 0.46
UBSD 30 203+1.6 879 43 -1£1.89  0.53
URSD 30 206+£1.7 956 4.6 2+1.97

204+1.0 959 47 x x
Metacarpal girth

On average 90

URD 30 19.9+0.31 1.69 85 0.3+0.34 0.88
UBSD 30 19.6+0.24 1.30 6.7 0 0
URSD 30 19.5+0.28 152 7.8 -0.1+0.32 0.31
Onaverage 90 19.6+0.16 151 7.7 X x
Width in macklacks
URD 30 51+0.5 277 54 0 0
UBSD 30 51+0.5 257 5.0 0 0
URSD 30 51+0.4 242 47 0 0
On average 90 51+0.3 257 5.0 X x

The analysis of the duration of the dry period in the
context of the studied livestock did not reveal any sig-
nificant differences from physiological and zootechni-
cal standards. Thus, in URD and UBSD cows it is 63,
62 days, respectively, and only in URSD there is a slight
increase to 72 days. The differences with the control
group are +2—7 days.

The evaluation of the cow insemination index gives
us negative results. Because the insemination index is
the number of inseminations spent on one insemination.
Thus, insemination results are considered optimal if the
index is 1.5: good — 1.6-1.8; satisfactory — 1.9-2.0;
poor — 2.1 and more. Based on our calculations, the in-
semination index in this farm is very poor — 6.40-6.59.
Its lowest value is observed in URSD cows (6.40), which is
far from even a satisfactory state of reproductive function.
The value of the insemination index in the URD breed
peers is even higher — 6.52 and its maximum value
is noted in UBSD cattle (6.59).
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Table 11. Characteristics of the reproductive function
in cows of different breeds

The level of development of the trait

Breed n and its variability and probability
)_(iSX g CV disd ty
Duration of the service period (for higher lactation), days
URD 30 1304159 874 673 0 0
UBSD 30 132131 71.6 542 2+15.3 0.13
URSD 30 128+12.7 695 544 -2+150 0.13
Onaverage 90 130+8.0 75.7 58.2 X x
Length of dry period (for higher lactation), days
URD 30 63+2.5 139 219 -2+360 0.54
UBSD 30 6215.5 30.1 48.0 -3#6.12 0.49
URSD 30 72+5.3 29.0 405 7+5.95 117
On average 90 65+2.7 25.5 38.7 X x
Insemination index (for higher lactation)
URD 30 6.52+0.798 4.37 67.0 0.01+0.89 0.01
UBSD 30 6.59+0.654 3.58 54.3 0.08x0.77 0.10
URSD 30 6.40+0.635 348 544 -0.11%0.75 0.15
Onaverage 90 6.51+0.399 3.79 58.2 X x
Calving period (for higher lactation), days

URD 30 423+13.7 749 17.7 7154 0.45
UBSD 30 420+14.3 78.6 18.7 4+15.9 0.25
URSD 30 406+#8.3 452 111 -10+10.9 0.92
Onaverage 90 416+47.1 67.6 16.2 X x

Table 12. Inheritance of the main selection traits

Yield Amount of milk fat
Breed n
S h? S, h?
URD 30 0.45+0.14" 0.90 0.53+£0.13™ 1.06
UBSD 30 0.02+0.18 0.04 -0.03£0.18 0.06
URSD 30 0.24+0.17 0.48 0.29+0.17 0.58

On average 90 0.29+0.09" 0.58 0.32+0.09" 0.64

Since we have established a significant lengthening
of the period from calving to fertile insemination (up to
132 days) and, accordingly, a significant increase in the
insemination index, the lengthening of the period between
calvings (from 406 to 423 days) is directly proportional to
the increase in the overall performance of the industry,
since this state of reproductive function does not provide
for the production of one calf per year from a cow. A more
detailed analysis of the inter-calving period revealed that
the cows with the shortest service period and insemina-
tion index, respectively, also had the shortest period be-
tween calvings — 406 days. Among the other two breeds,
no such natural trend was found. Thus, cows with the
highest values of service-period and insemination index:
UBSD, respectively, had a mediocre inter-calving period
of 420 days compared to 423 days for their URD peers.

The experience of many countries with highly de-
veloped dairy farming and scientific forecasts of breed-
ing scientists indicate that breeding work with the breed
should be carried out on the principles of large-scale se-
lection, which includes the intensive and centralised use
of bulls-improvers using in-depth knowledge of the main
methods of assessing the breeding qualities of animals,
population genetics, patterns of variability and heritability
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of economically useful traits in populations and herds.
Such an approach to breeding work will make it possi-
ble to increase the genetic progress in the population
up to 60 kg of milk per cow per year [19]. For more than
40 years, the system of selection and breeding work in
dairy cattle breeding has been based on the principles
of large-scale selection: centralised evaluation, selection
and intensive use of highly valuable sires on a breed-wide
scale, creation of a semen bank for proven bulls, use of
computers, methods of population genetics and other
achievements of science and technology. Methods of
computer modelling of selection and genetic processes
in dairy cattle populations and genetic and economic opti-
misation of large-scale selection programmes have been
developed [21, 30]. In the domestic and foreign literature,
sufficient data have been obtained to date to show that all
quantitative traits of livestock productivity obey the law of
distribution of individuals, according to which about two-
thirds of individuals in each population are characterised
by indicators corresponding to the average value of the
trait in this population. In the remaining individuals, this
trait may be greater than the average value or less [28,
39]. The degree of inheritance of a trait to a certain extent
determines the rate of genetic improvement of the popu-
lation in which selection for this trait is carried out. AlImost
all economically useful traits of dairy and beef cattle are
quantitative and have a sufficient degree of inheritance
for effective selection, with the exception of fertility [26,
39]. Therefore, it is quite relevant to study the inheritance
of the main selection traits in the context of new modern
Ukrainian breeds in the conditions of the breeding farm.
We estimated the following correlation coefficient be-
tween the main selection traits — milk yield and amount
of milk fat between mothers and daughters (table 12).
Thus, low and medium positive correlations are
observed between the milk yield of mothers and their
daughters, up to 0.45. Moreover, the highest relative vari-
ability between the above traits is observed among URD
cows — ,=0.45 at the second level of reliability (P>0.99),
which, accordingly, makes the maximum heritability co-
efficient — h?=0.90. Average values of relative variability
are observed in URSD cows — r,=0.24 and h?=0.48. And
not high positive correlations are noted in UBSD cattle —
0.02 and 0.04, respectively. The assessment of the inher-
itance of milk fat has slightly different trends. The mother-
daughter generation of the URD breed is characterised
by a very high relative variability — 0.53%, which gives
a very high inheritance coefficient h>=1.06. The level of
correlation of the amount of milk fat among URSD cattle
is almost at the level of the previous trait — 0.29 and,
accordingly, high h?=0.58. But the correlation between
the amount of milk fat of mothers and daughters among
UBSD breeds changed its direction and became negative
r,=—0.03 with a low inheritance coefficient h>=0.06.
The productivity of cows in most agricultural enterpris-
es in terms of milk production is at an arbitrarily low level.
One of the reasons for low milk yields is poor breeding
practices. There is virtually no division of the herd into
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a breeding core, a production group and a reject. In such
conditions, heifers are obtained without a purposeful pur-
pose, where the best cows in terms of productivity are
kept for reproduction [28, 39]. It has been established that
there are individual animals with high productive potential
in the cow herd. It is important to get descendants from
them to reproduce the herd. The intensity of herd repro-
duction depends on the number of cows that are allocated
to the breeding nucleus. Thus, an increase in the number
of cows in the breeding nucleus leads to a decrease in
the average milk yield in its group, and a decrease leads
to an increase in the milk yield in the herd [4, 31, 33].
The number of first-calf cows raised depends on the cull-
ing of cows, therefore, herd reproduction and culling are
closely linked. It is necessary to take into account the pos-
sibility of expanding the capacity of milk production enter-
prises [22]. The first stage of breeding work is to assess
the productivity of cows, study the conditions of housing
and feeding, identify cows with high genetic potential and
preserve such cows to obtain replacement heifers, heif-
ers and first-born cows. At the same time, it is important
to establish the optimal number of cows in the breeding
nucleus and its impact on increasing milk production [26,
28]. Therefore, the purpose of further research was to es-
tablish the effect of selecting cows for the first lactation in
the breeding core of the herd, their breeding limit and pro-
ductivity at different selection intensities. So, at a selection
intensity of 15%, that is, the selection pressure is 85% or
only five cows are included in the breeding nucleus, and
their milk yield will increase compared to the average value
by up to 22%. Consequently, the milk yield of these cows
will be 7406 kg for the URD breed, while the average data
for the herd is 5216 kg accordingly, the selection differen-
tial will be 2190 kg and the selection effect will be 1971 kg.
Accordingly, the breeding limit or minimum milk yield of

Table 13. Modelling the effect of selection in cows of different breeds
by milk yield, kg

cows that will be selected for the breeding group will be
6686 kg (table 13). Among the UBSD cows, the average
milk yield in the herd is 6210 kg. The productivity of the
breeding core cows is 7512 kg, respectively Sd=1302 kg
and SE=52 kg. Such a low selection effect is due to the
low inheritance coefficient h?=0.04. Due to the highest pro-
ductivity of cows in the breeding group of this breed, the
highest selection limit is also noted X, =7084 kg. Although
cattle of the URSD breed have the lowest breeding values
(X,:=6755 kg, Sa=1781 kg, X,=6170 kg), they have a high-
er breeding effect than the previous group due to a higher
level of heritability — SE=855 kg. At a selection intensity
of 30%, the milk yield of the breeding core cows will in-
crease to 19% among the studied breeds. The breed-
ing differential with the increase of cows in the breeding
nucleus significantly decreases. The selection of 30% of
the best cows resulted in a selection differential of 1643 kg
(URD), 977 kg (UBSD) and 1336 kg (URSD) of milk.
At a selection intensity of 45%, the selection differential is:
Sd=1243 kg, Sd=739 kg, Sd=1011 kg of milk, respectively.
These data indicate the potential for increasing milk yields
from a smaller number of cows in the breeding core.

The effect of breeding (selection) depends on the
transmission of hereditary information to its offspring.
Studies have shown that the coefficient of heritability in
herds of URD, UBSD and URSD breeds, respectively,
was h?=0.9, h*=0.04 and h?= 0.48, therefore, of the above
possible increase in milk yields with the intensity of selec-
tion of 30% will actually be manifested in the descendants
of only 1479 kg, 39 kg and 641 kg and at a selection inten-
sity of 45%, the selection effect will be 1119 kg 30 kg and
485 kg, respectively. As a result, depending on the inten-
sity of selection, the selection limit will decrease (5991 kg,
6647 kg, 5572 kg and 5400 kg, 6319 kg, 5123 kg of milk
yield, respectively).

Table. 14. Modelling the effect of selection in cows of different breeds
by the amount of of milk fat, kg

Selection Breed Selection Breed

parameters URD UBSD URSD parameters URD UBSD URSD
Intensity of selection — 15% Intensity of selection — 15%

X 30 5216 6210 4974 X 30 198 237 190

X 5 7406 7512 6755 X 5 272 288 264

Sd 2190 1302 1781 Sd 74 51 74

SE 5 1971 52 855 SE 5 78 3.1 43

X, ) 6686 7084 6170 X, 5 247 271 239
Intensity of selection — 30% Intensity of selection — 30%

X 30 5216 6210 4974 Xir 30 198 237 190

X.. 9 6859 7187 6310 X.. 9 253 275 245

Sd 1643 977 1336 Sd 55 38 55

SE 9 1479 39 641 SE 9 58 2.3 32

X, 9 5951 6647 5572 X, 9 223 254 215
Intensity of selection — 45% Intensity of selection — 45%

X 30 5216 6210 4974 Xor 30 198 237 190

X 13 6459 6949 5985 X S 240 266 232

Sd 1243 739 1011 Sd 42 29 42

SE 13 1119 30 485 SE 13 44 1.74 24

X, 13 5400 6319 5123 X, 13 204 241 196
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We also modelled the effect of selection on the
amount of milk fat under the same conditions of intensive
selection. Thus, at an intensity of selection of 15%, the
productivity of cows in the breeding group will significantly
increase — 272 kg (URD), 288 kg (UBSD) and 264 kg
(URSD) of the breed (table 14). At a selection pressure
of 70% or i=0.30%, respectively, the productivity of these
animals will slightly decrease compared to the previous
group to 253, 275, 245 kg, respectively, and at p=55%
or i=45% to 240, 266, 232 kg, respectively. There is also
a direct dependence of the selection differential on the
selection pressure: 15%, so the theoretical increase in
productivity will be at the level of 74, 51, 74 kg, respec-
tively; at 30 — 55, 38, 55 kg and at 45% — 42, 49 and
42 kg, respectively. The actual increase in productivity
is directly related to the inheritance coefficient h>=1.06
(URD), h?=0.06 (UBSD) and h?=0.58 (URSD). The level
of increase in actual productivity or the effect of selection
was not unambiguous — 25, 2.3 and 32 kg (=0.30%) and
44, 1.74, 24 kg (=0.45%), respectively. Thus, a decrease
in the number of cows in the breeding nucleus leads to
a greater increase in milk yield and milk fat. Thus, with
15% of cows in the breeding nucleus, milk yields will in-
crease to 42%, with 30% — to 31%, and with 45% — to
29%. The increase in the amount of milk fat, depending
on the intensity of selection, is up to 39, 29 and 22%. In
our opinion, from an economic point of view, it is more ex-
pedient to use moderate selection with its intensity of 30%
or culling cows from the herd of 70%, which will increase
productivity by 31 and 29%.

As aresult of the research, a rather high hereditary
potential of cows of modern Ukrainian breeds was es-
tablished for the main signs of milk production.

Analysing the signs of dairy productivity represented
by milk yield, content and amount of fat in milk, it should
be noted that the highest indicators are characterised by
cows of the Ukrainian Speckled dairy breed, which in the
context of four lactations (6210—7593 kg of milk, 237-
287 kg of milk fat) were better, except for the third one,
where a clear leader in the main signs was not found.

In modern high-yielding herds, the duration of lac-
tation (325-360 days), regardless of genotype (with or
without Holstein bloodline), exceeds the optimal value
(305 days), which is associated with later insemination
of cows after calving and extended service period.

The milk yield reflex in cows of the studied breeds is
within the limits of the accepted optimal values (1.81—
2.02 kg/min), which indicates their good adaptability
and adaptation to the technology of machine milking.

It was found that the live weight of animals of the three
studied breeds at the end of the growing period is within
the breed standards (287.9-326.1 kg), but the higher
weight is distinguished by the peers of Ukrainian red
(326.1 kg) and black speckled (325.7 kg) dairy breeds.

It was proved that there was no clear advantage in
favour of a certain group of cows by the main measure-
ments. Thus, the height at the withers (134 cm), depth
(73 cm) and width of the chest (46 cm) are better devel-
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oped in Ukrainian Black Speckled cattle, and the oblique
length of the body (160 cm) and the girth of the metacar-
pal (19.9 cm) — in the red dairy breed, with a larger girth
of the chest (206 cm) in the peers of the Red Speckled
Dairy breed.

The analysis of the reproductive function of cows gives
grounds to assert that among all studied breeds there is
a significant deterioration of its function, this leads, re-
gardless of genotype, to an increase in the duration of
service period (128—132 days) and the period between
calvings (406-423 days), and this negatively affects the
yield of calves per year and, as a result, significantly
increases the insemination index (6.40-6.59).

The analysis of correlations between the main se-
lection traits of mothers and their daughters established
high predictions regarding their inheritance (0.48—1.06),
this will significantly increase the efficiency of selection for
milk yield and milk fat in these herds of modern breeds.

Reducing the number of cows in the breeding nucle-
us leads to a greater increase in milk yield and milk fat.
For example, with 15% of cows in the breeding nucleus,
milk yields will increase to 42%, with 30% — to 31%,
and with 45% — to 29%. The increase in the amount
of milk fat, depending on the intensity of selection, is
up to 39, 29 and 22%.

Based on our research, we recommend “Kolos
2011” LLC:

1. To conduct more precise selection and breeding
work with cattle of the Ukrainian Red Speckled dairy
breed by: using the parameters of relative variability and
heritability in the assessment of trait development; apply-
ing cow selection to the breeding core with an intensity
of 30%; continuing the practice of directed heifer rearing
with constant monitoring of their live weight.

2. Since the level of reproductive function in the farm
is problematic, which reduces the period of economic use
of cows, reduces the level of their milk production, and at
the same time the profitability of the industry as a whole,
we recommend that the veterinarian and chief zootechni-
cian develop both therapeutic and preventive measures
to improve it, and introduce biotechnological methods
of organising animal reproduction.
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MuKONaiBCLKUIA HALIIOHANLHWI arpapHuii yHiBepcuTeT, Byn. Meoprist FoHraase, 9, M. Mukonais, 54008, YkpaiHa

Mu Moxemo roBopuTH NPO AOCTaTHLO BUCOKMI CNaaKOBWIA NOTEHLian KOpiB Cy4acHUX YKpPaiHCbKMX Nopi4 3a OCHOBHUMK O3HaKamu
MOSIOYHOT NPOAYKTUBHOCTI. BCTaHOBMNEHO, LU0 BMLLMI HaAiN, BMICT Ta KifbKiCTb XXUPY Y MOMOL,i BACTVBI KOPOBaM YKPaiHCLKOT YOPHO-
psiboi MONOYHOI NOpPoAK, AKi y PO3pi3i YHOTUPBLOX OLIHEHMX NMaKTaLin BUSBASANMUCSA KpawyM, OKpiM NnvLie TPeTboi (Ae YiTkoro nigepa
32 OCHOBHMMW O3HaKaMu He BUSIBNEHO). Y Cy4acHUX BMCOKOMPOAYKTUBHMX cTagax Xynobu ykpaiHCbkux nopig TpvBanictb nakradii,
HesarnexHo Bif reHoTVMNy 3 roMnLITUHCHKOK YacTKOK KPOBHOCTI UM 6e3 Hel, nepeBuLLye onTumarnbHe 3HadeHHs (305 AHiB), WO nos'sa3aHo
i3 BiNbLL Ni3HIMKM CTPOKaAMK OCIMEHIHHST KOPIB MIiCIsA OTENEHHS Ta NOAOBXEHOK TPMBANICTIO cepBic-nepiony. ToMy, OLiHIOKUM ePEeKTUBHICTb
BMKOPUCTaHHS1 MOFIOYHMX KOPIB, AOLINBHO BPaxoByBaTy KifbKiCTb AiIMHWX OHIB | BiANOBIAHO A0 LbOrO NPOBOAUTU KOPEryBaHHS iX MOMOYHOT
NPOAYKTUBHOCTI | BIGTBOPHOI 34aTHOCTI. A BMAMB ronwTUHI3aLUil Ha NOAOBXKEHHS TPMBANOCTI NakTauinHOro nepiogy NPOsIBASETLCA NuLLe
y cTagj ykpaiHCbKoi YopHO-psiboi MonoyHoi nopoawn. Pedonekc monokoBigaadi y Kopie AOCHIAKEHNX NOPIA KONMMBAETLCS B MEXaXx MPUAHATUX
ONTUMarbHKX MNOKA3HWKIB, L0 BKa3ye Ha ix 40Bpy NpucTocoBaHiCTL Ta aganTaliio 40 TeXHOMOri MalLuMHHOro AoiHHS. XKvBa Maca TBapuH
TPbOX AOCHiIAXKEHMX Nopia Ha KiHeLb nepiody BUPOLLYBaHHS 3anuwaeTbCs B MeXax cTaHAapTiB nopid, ane BoHa BULLA B POBECHWULb
YepBOHOI Ta YOPHO-PSI6OT MONMOYHMX MOPIA, WO BKa3ye Ha iXHIO KpaLly 34aTHICTb 3a BiANOBIAHWX YMOB BUPOLLYBaHHS [0 BUCOKOI
iHTEHCUBHOCTI POCTY i, SIK MOKa3anu nonepegHi 4oCnigKeHHs1, 40 KpaLLoi MOrOYHOI NPOoayKTMBHOCTI. CTyniHb PO3BUTKY OCHOBHMX NPOMIpIB
6ynoBu Tina kopiB nepebyBae B Mexax CTaHAapTiB i BignoBigae HopMaM MOJIOYHOIO TUMY KOPIB, a YiTKOI nepeBary Ha KOpUCTb NEBHOI
rpynu KopiB 3a OCHOBHUMM NpOMipamu He BusiBrieHo. BucoTa B xonui, rmmMbuHa Ta WwupuHa rpyaen Kpalle po3BUHEHI y NpeacTaBHULb
yKpaiHCbkoi YopHO-psiboi Momno4Hoi xyaobu, a koca AoBxuHa Tyryba Ta 06xBaT n'sicTka — B YKpaiHCbKOI YePBOHOI MOMOYHOI nopoau, Npu
GinbLIOMy 06XBaTy rpyaei y poBeCHULb YKpaiHCbKOi YepBOHO-psi60i MoroyHoi nopoau. MpoBeaeHuid aHania BiaTBOptoBanbHOI yHKLi
KOpiB Aa€ MiacTaBy CTBEPMAKYBATY, LLIO Cepef YCiX AOCTIMKEHMX NMOpiA NPOCTEXYETLCA 3HAYHE il MOripLUEHHS, WO NPU3BOAWTb, HE3aNEXHO
Bi, NOPOAHOI HANEeXHOCTI, A0 NOAOBXEHHS TpuBanocTi cepsic-nepiody (128—132 gHi) Ta nepiogy mix oteneHHamu (406—423 gHi);
Lie HeraTMBHO BMNVBAaE Ha BUXiA TENAT 3a pik Ta SK HACMiQOK — 3HAYHO MiABULLYE iHAEKC OCiMeHiHHS (6,40—6,59). AHani3 kopensuiiHux
3B’A3KIB Mi>k OCHOBHUMM O3HaKaMU CenekLii maTepiB Ta ix 4OYOK BCTAHOBMB BMCOKI MPOrHO3M Woao ix ycnagkyBaHHst (0,48—1,06), wo
3HAYHO NIABULLNTL e(PeKTUBHICTb CenekLii 3a HagoeM Ta KifbKiCTIO MOMOYHOIO XMPY B LMX CTagax cydacHUX nopig.

KniouoBi cnoBa: penpoaykTnBHa dyHKLis, cTaTeBa 0x0Ta, CepBic-nepioa, iHAEKC OCIMEHIHHS, CyXOCTIMHUIA nepioA, WTy4YHe OCi-
MEHIHHS1, MOMOYHa NPOAYKTUBHICTb, Nopoaa

Gill M, Posukhin V, Tymofiiv M. Organisation of dairy cattle herd reproduction. Biol Tvarin. 2024; 26 (4): 18-32.
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Artificial insemination of sows in modern farms producing
high-quality pork is justified both economically and techno-
logically. The studies were implemented on a herd population
of 3,300 sows of the high prolificacy hybrid (YL) of Danish
selection — PIC. For artificial insemination of sows was used
next methods: cervical insemination (Conventional Artificial
Insemination), Intrauterine Artificial Insemination. Analyzing
the fertility of sows, prolificacy and the number of live-born
piglets, it was found that with the same conditions, feeding,
timing and methods of weaning piglets, as well as obtaining,
evaluating, processing and using the semen of boars, for all
experimental and control groups, the obtained results allow
to optimize the methods of artificial insemination of sows, by
reducing of semen doses volume and amount, and increasing
reproductive indicators, maximizing the potential of physiolog-
ically mature sows of the 4"—6" parity.

Key words: sow, fertility, artificial insemination, semen
dose, optimization

Introduction

The use of artificial insemination in pig farming
dates back to the 30s of the last century, however,
the industrial application of this method became wide-
spread in the 80s [2]. Currently, most pig farms have
switched from the practice of natural mating of animals
to artificial insemination, which is due to both the
economic feasibility and technological advantages of
this method [16]. In the past three to four decades,
high-quality diluents for semen have emerged, en-
abling the attainment of the desired concentrations
without loss of sperm spermatozoa viability. More-
over, these medications allowed for the prolonged
preservation of the diluted semen when compared to
natural conditions, which is to say, when compared
to the reproductive tract of a sow [12]. The use of se-
men material from one boar producer to fertilize sev-
eral sows using the same ejaculate has led to radical
changes in pig reproduction technology.

One boar ejaculate can contain up to 10 billion
sperm cells. This indicator may vary depending on
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the breed of boars [9]. For successful fertilization by
the classical method (cervical insemination), a diluted
ejaculate in the volume of 80—100 milliliters containing
up to 40 million sperm per milliliter is used [2, 5, 16].
This means that boars of highly productive breeds
are able to produce 25 or more doses of sperm from
one ejaculate, suitable for artificial insemination.
In comparison with the natural method of repro-
duction, where no more than 45 sows per boar per
year are recommended [8], artificial insemination is
a more cost-effective method, since it significantly
reduces the need to maintain a large number of
breeding boars. When performing artificial insemina-
tion, the proportion of boars in the livestock should
not exceed 0.5% [4].

The use of the method of artificial insemination of
sows has demonstrated its practical feasibility and ef-
fectiveness. The procedure is not complicated, does
not require significant time costs and is easily mas-
tered by employees of pig farms. From the point of
view of efficiency, artificial insemination demonstrates
a higher level of fertilization, exceeding 90%, which is

33



Potapi C., MawHep O.

OnTUMi3aLia METOAIB | TEXHIK OCIMEHIHHS CBUHOMAaTOK

much higher compared to natural mating [6, 7]. All this
contributed to the further development of methods of
artificial insemination of sows, among which three main
approaches can be distinguished:

a) Conventional Artificial Insemination (CAl),

b) Intrauterine Artificial Insemination (IAl),

c) Deep Intrauterine Atrtificial Insemination (DIAI).

Conventional Artificial Insemination

It is performed by inserting a plastic catheter with
a soft tip into the cervix of the sow. A semen dose is
used in a volume of 80 to 100 ml, containing 30 mil-
lion spermatozoa sperm per milliliter. The catheter is
not removed immediately, but after 5—7 min. Prelimi-
nary stimulation of the sow by the artificial insemination
operator, establishment of contact with the boar (nose
to nose) and achievement of the immobility reflex are
mandatory conditions [7, 13].

The advantages of this method are as follows: it
simulates the natural mating process, is easy to use,
and has high efficiency. The disadvantages include
the fact that it requires more time and a larger volume
of sperm.

Intrauterine Atrtificial Insemination

The process performed by inserting a plastic cathe-
ter equipped with a soft tip into the cervix of a sow, fol-
lowed by the insertion of a flexible cannula into it, which
allows to reach the uterine cavity. A semen dose dose
is used in a volume of 30 to 60 ml, containing 30 million
sperm per milliliter. The specificity of this method lies
in the fact that the process of stimulating sows and de-
termining of heat is processed by artificial insemination
operators in advance, at least half an hour before the
start of the matting procedure. At the time of catheter
insertion, the sow should be relaxed, since with re-
flex immobility of the sow, it is difficult or practically
impossible to insert the cannula into the uterine cavity.
After inserting a catheter with a cannula into the uter-
ine cavity, the contents of dose are artificially pressed
in, and the catheter is removed immediately after the
procedure [7, 13].

The advantages of this method are: lower volume
of semen dose; the ability to vary the concentration of
sperm; fewer operators; high performance.

The disadvantages of this method include the com-
plexity of its application for gilts and sows after the first
farrowing, as well as the need for more highly qualified
personnel. In addition, there is an increased risk of
infection.

Deep Intrauterine Artificial Insemination

The process is carried out by inserting a plastic cath-
eter with a soft tip into the cervical region of the sow.
Then a long flexible cannula is inserted into the cathe-
ter, which allows you to reach the horns of the animal’s
uterus. A special feature of the method is the small
volume of semen dose, up to 10 ml [10, 11, 13]. The

34

stimulation of sows and the detection of estrus, similar
to that of post-cervical insemination, is carried out by
artificial insemination technicians well in advance, ideally
at least half an hour prior to the procedure. After the
insertion of a catheter with a cannula, the contents of
the sperm are forcibly injected into the uterus. The cath-
eter is removed immediately after the procedure is
completed.

This method has the highest efficiency, but at the
same time involves considerable labor and requires
the operator to have skills and experience in manip-
ulating the catheter. In commercial pig farms, this
method is usually not used because it is not practical.
However, this method finds application for research
purposes, and, like any other, has its advantages
and disadvantages. The advantages of this method
include: an extremely small amount of seed dose and
high efficiency. However, this method also has a num-
ber of disadvantages: it is impractical in farms with
large livestock, requires careful training of personnel,
as well as expensive consumables such as a special
catheter. In addition, there is a high risk of infection.

The choice of the method of artificial insemination
of sows, as well as the determination of the volume
and concentration of semen dose, is due to a number
of factors, among which the key ones are the size of
the farm, the number of sows in it, the cycle of produc-
tion, the level of technological equipment, the qual-
ification of personnel and the availability of semen
material.

The research conducted in this area is aimed at
determining the most effective combination of artificial
insemination methods in combination with the volume
and concentration of semen dose. This will improve the
effectiveness of insemination and optimize the eco-
nomic efficiency of using sows.

Materials and Methods

The research was carried out at the Porco Bello SRL
pig breeding complex, located in the central zone of the
Republic of Moldova (Cimisheni village, Criuleni district).
The complex is a full-cycle farm for the breeding and
growing of pigs. The size of the sow herd population is
3300 animals. The production potential of the complex is
100,000 piglets per year. The herd of sows at the com-
plex is represented by a hybrid of the first generation
(F1), obtained as a result of crossing sows of the Land-
race breed and boars of the Yorkshire breed. This hybrid
proved to be at its best in production conditions based
on technology with a weekly production cycle adopted
at the complex. As part of the scientific and production
experiment, the entire sow population of the complex
was involved, starting with the first and ending with the
tenth farrowing for the period from January 1, 2020 to
December 31, 2022. The conditions of keeping, diet,
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as well as the timing and method of weaning piglets
from sows were identical for all experimental groups of
sows. As a control, the results obtained with the classi-
cal (cervical) method of insemination were used.

The main source of information on all the studied pa-
rameters of sows in the control and experimental groups
was the database of a specialized herd management pro-
gram used at the complex — AgroVision (AgroSoft).

The object of the study was the methods of artificial
insemination of sows, which are clearly shown in fig. 1.
In particular, classical (1) and post-cervical (2) insem-
ination were considered, as well as various volumes
of seed material used in these methods.

Ejaculates obtained from terminal boars of the Duroc
breed were taken as the studied and used semen mate-
rial. The processing and preparation of ejaculates for use
was carried out in the laboratory of the complex in accor-
dance with a single standard throughout the entire study
period. In the process, photocalorimetr and a microscope
equipped with a high-speed digital camera were used.

To assess the economic efficiency of various methods
of artificial insemination of sows and optimize the cost of
semen material, an analysis of the production indicators
of experimental and control groups of sows of different
ages was carried out. The main evaluation criteria were
the fertility level of the inseminated groups, the average
number of live-born piglets per sow, as well as the volume
and number of semen doses used.

The obtained digital data were analyzed using meth-
ods of variational statistics [3] and classical software tools
(Microsoft Excel). The reliability of the differences
between the study groups was determined using the
Student’s criterion [14].

Results and Discussion

Sows productivity

The starting point for the study was information on
the reproductive ability of sows at the Porco Bello SRL
complex, classified according to their age, determined
by the number of parities [15].

In the course of studies conducted between 2020
and 2022, 23,991 sows were artificially inseminated
(see table 1).

At the same time, the largest number of sows, name-
ly 14114 heads, or 58%, were sows after 153" parity.
The number of sows after 4-5 parities amounted to
5,884, or 24,5%, which represents a significant pro-
portion of the total herd. It is also worth noting that
these complex practices the effective use of sows up
to the tenth parities.

During the study, the dynamics of the use of sows
depending on their age was clearly presented, which
is reflected in fig. 2. It shows that with increasing age
of sows, their number gradually decreases, and after
the fifth farrowing, this process becomes especially
noticeable.
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for 3 different types of artificial insemination [1]

H1 W2 3

3)
16%

4 W5 6 W7 W3 WMo W10

0% 9 g
1% 39,

Fig. 2. Sows herd age structure by parity
of investigated period 2020-2022

This is due to natural reasons — the high intensity of
the use of sows in the complex (2.4 farrowing per year)
leads to a faster deterioration of the animal body, which
directly affects the productivity of sows. To confirm the
hypothesis, an analysis of the correlation between fertility
rates and the number of live-born piglets, depending on
the age of the sows, was carried out. The results of this
analysis are presented in the form of a diagram in fig. 2.

Table 1. Insemination structure and production results
according parity number

Parity, Sows Liveborn piglets  Fertility rate,

Nr. inseminated, n per sow, n (X+Sx) %
1 5775 13,75+0,06 85,86
2 4628 14,99+0,07 86,99
3 3711 16,09+0,07 90,73
4 3197 16,31+0,07 91,27
5 2687 16,25+0,08 92,04
6 1978 16,26+0,08 92,47
7 1221 15,65+0,11 91,4
8 564 15,50+0,16 92,38
9 184 15,16+0,26 95,65
10 46 14,50+0,53 95,65
Total 23991 X X
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Studying fig. 2, we can conclude that the farrowing
carried out from the third to the sixth is the most effec-
tive. In this case, the number of live-born piglets ex-
ceeds the average value of 16 piglets per sow, and the
level of actual fertility exceeds 90%. These indicators
are typical for hybrid sows with Danish genetics (PIC)
and can compete with the best European farms spe-
cializing in the production of high-quality pork. At the
same time, the most favorable (optimal) ratios between
the number of live-born piglets per sow and the level of
fertility, taking into account the number of inseminat-
ed animals, are achieved in sows that have already
passed the fourth and fifth farrowing.

The method of artificial insemination of sows

At this stage of the study, the effectiveness of the
artificial insemination of sows was analyzed using
various methods and a thorough study of their effec-
tiveness. In each of the three cases described below,
the same volume and concentration of semen dose
were used.

1) Conventional Artificial Insemination (CAl) with one
repetition — classical (cervical) artificial insemination
with a single repetition 24 h after the first insemination in
the presence of a immobility reflex in a sow. The volume
of semen dose is 100 ml, the concentration of sperms
is 30 million per milliliter.

2) Conventional Artificial Insemination (CAl) with two
repetitions — classical (cervical) artificial insemination
with a double repetition 24 and 48 h after the first insem-
ination in the presence of a immobility reflex in a sow.
The volume of semen dose is 100 ml, the concentration
of sperms is 30 million per milliliter.

3) Intrauterine Atrtificial Insemination — post cervical
insemination with a single repetition 24 h after the first
insemination without presence of a immobility reflex in
a sow. The volume of semen dose is 100 ml, the con-
centration of sperms is 30 million per milliliter. The results
obtained during the study presented in table 2.

Table 2. Matting structure according artificial insemination type

T Sows . o

Inseml_natlon inseminated, Liveborn Fertllloty rate,

techniques - per sow, n %o
CAlWithions 15924 15,13 88,57
repetition
CAl with two
repetitions 5831 15,93 93,38
IAl with one
repetition 866 15,16 87,3

Data presented in table 2 indicated that post cervi-
cal method of insemination of sows without considering
the age of the animal, is not more effective than the
traditional (CAl) method. In the course of our study,
it was found that the fertility level and the number of
live-born piglets in sows inseminated in the classical
double-repeat method, all other things being equal,
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were higher by 6.08 percentage points and 0.7 live-
born piglets per sow, respectively, compared with the
use of the post-cervical method.

However, the practical application of this method
as the main one is impossible, due to variations in
the duration of the estrous period (heat) in sows. This
period is characterized by such a sign as the immo-
bility reflex, which can last up to 48 h. In most sows,
estrus lasts less than this period, so re-insemination
is carried out only once. Regarding the post-cervical
method, it should be noted that it is also effective and
meets the criteria of productivity exceeding 15 live-born
piglets per sow and 85% actual pregnancy. However,
all other things being equal, it is inferior to cervical
insemination.

As can be seen from the analysis of the data pre-
sented in table 2, the post-cervical method is a compa-
rable alternative to the cervical method of insemination
of sows. However, with equal volumes of semen dose,
it is not optimal, which became the basis for conducting
experiments to determine the optimal volume of semen
dose with the post-cervical insemination method in order
to achieve maximum results.

In accordance with our data presented in table 1
and information from the literature [15], sows of the
4t and 5" parity, which are the most productive and
physiologically mature individuals, were selected and
inseminated as experimental groups. During the experi-
mental period, post-cervical insemination was performed
using various volumes of semen dose: 100 ml, 60 ml,
50 ml, 40 ml and 30 ml, while the concentration of sper-
matozoa in each dose was 30 million/ml. The results
obtained during the study of the level of actual preg-
nancy and the number of live-born piglets per sow were
compared with each other, as well as between the
corresponding age groups of sows that were insem-
inated using the classical (cervical) method with one
or two repetitions (fig. 4).

Based on the information presented in the figure,
a number of conclusions can be drawn.

Firstly, it was found that cervical insemination with
two repetitions is more effective than with single repe-
tition due to an increase in the fertilization coefficient.
The difference in performance is about 3%.

Secondly, it is confirmed that in conditions when
sows are at the most productive age, and the volume
of semen dose is 100 ml, the most effective method
of insemination is the cervical method, which can be
repeated once or twice. At the same time, the effec-
tiveness of this method is higher both in the number of
liveborn piglets per sow (by 0.9-1 piglet) and in actual
pregnancy (by 1-3%).

Thirdly, the most effective is the use of a group of
sows that have 4"—5" parity age, while inseminated by
the post-cervical method using a 40 ml semen dose and
sperm concentration of 30 million/ml. In this case, the
results obtained exceed the indicators of post-cervical
insemination with a dose of 100 ml by 6% in terms of
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fertility level of 4—5" parity sows depending on the insemination
method and the volume of semen dose

actual pregnancy and 2.7 piglets per sow in terms of the
number of live births, as well as the indicators of classical
(CIA) insemination with two repeats by 1-2.5% in terms
of actual pregnancy and 0.6-2.2 piglets per sow.

In the course of research conducted at the Porco
Bello SRL complex, the effectiveness of an integrated
approach to the selection of the method of artificial
insemination of sows was confirmed. It was found that
the replacement of the traditional cervical insemina-
tion method for sows of the 4t and 5" parity with the
post-cervical method leads to a significant increase
in the number of piglets born while maintaining other
equal conditions. This is achieved by increasing the
fertility rate and prolificacy of animals.

The optimal volume of semen dose for post-cervical
insemination of sows on the 4" and 5" parity is a dose
of 40 ml with a concentration of 30 million sperm per
milliliter. This makes it possible to significantly reduce
the need for semen material and, as a result, reduce the
corresponding costs for the maintenance of boars.

The results presented in this article were obtained
during the implementation of a research project: “Mana-
gementul potentialului genetic si a productiilor animalelor
de rasa reproduse si exploatate in conditile pedoclimate-
rice ale Republicii Moldova” (code 20.800009.5107.20),
Prioritatea Strategica Il. Agricultura durabila, securitate
alimentara si siguranta alimentelor si in cadrul temei
doctorale “Perfectionarea elementelor tehnologice in
cresterea suinelor si producerea carnii de calitate in
conditiile Republicii Moldova”.
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LLITy4yHe ociMeHiHHSI CBMHOMATOK y Cy4aCHUX rocrnodapcTBax 3 BUPOOHMLTBA BUCOKOSIKICHOI CBUHUHU BUMNpaBAaHe sik EKOHOMIYHO,
Tak i TexHorori4yHo. [JocnigkeHHsi NpoBoAMnY Ha norofis’i CBMHOMaTOK BMcoKonpoaykTueHoro ribpuaa (YL) patcekoi cenekuii — PIC,
ske Hanidysano 3300 TBapuH. [1ns WTY4YHOro OCiMEHiHHA CBMHOMATOK BUKOPUCTOBYBANWU Taki METOAM: LiepBikanbHe OCIMEHIHHSA
(3BMYanHe LTy4YHE OCIMEHIHHS), BHYTPILULHBOMATKOBE LUTY4YHE OCIMEHIHHSA. AHanidytoun 3annigHeHICTb CBMHOMATOK, BbaraTonmnigHicTe Ta
KINbKICTb YXUBOHAPOMXXEHNX NOPOCST, BCTAHOBUIY, LLO 3a OAHAKOBMX YMOB, FOAiBMi, TEPMIHIB i CNOCOGIB BiANyYEHHS MOPOCAT, @ TakoX
OTpUMaHHS, OLiHK1, OBPOBKY Ta BUKOPUCTaHHS CNnepMM KHypiB, ANs BCIX AOCMIAHWX i KOHTPOMNbHMX rpyn pe3ynsraTti A03BOMNSAITh ONTH-
Mi3yBaTy METOAU LUTYYHOrO OCIMEHIHHS CBMHOMATOK Yepe3 3MEHLLEHHs1 06’'eMyY Ta KinbKOCTi 403 CnepMu Ta MiABULLEHHS BiOTBOPHMX
NOKa3HWKIB, MaKC1MIi3ytoum noTeHuian gisionoriyHo cTaTeBo3pinvx CBUHOMAaTOK 4—6-r0 0nopocy.
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Introduction

The grey heron (Ardea cinerea) and the great egret
(Ardea alba) are the most common representatives of
the heron family (Ardeidae) in Ukraine. These are win-
tering, migratory and nesting birds. They nest in colo-
nies, feed on a variety of animal food: worms, insects,
amphibians, fish, mammals [10].

The grey heron is the most common species in the
entire territory of Ukraine, except for the mountainous
part of the Carpathians and the Crimean Mountains
and their adjacent territories [5, 10].

The great egret nests in almost the entire territory
of Ukraine, except for the Carpathians, Mountainous
Crimea and some adjacent areas, and it is the most nu-
merous species in the Azov-Black Sea region [5, 10].

In recent years, however, information has been in-
creasingly appearing that herons stay for the winter,
which is probably caused by warm winters and climate
changes.

During the literary sources analysis, we found out
that the grey heron was found in the winter period in
1984. On December 1st A. A. Bokotei observed 3 in-
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dividuals in Ivano-Frankove village in Yavoriv district
(Lviv region). On December 31t H. V. Boyko found 1 grey
heron in Dobrotvir town in Kamyanka-Buzka district
(Lviv region) [6].

In 1997, M. Rahulina watched 2 grey herons on
water reservoir in Staryy Dobrotvir village in Kamyanka-
Buzka district (28.02.1997) [10]. According to data by
D. V. Strashniuk, 2 individuals of the grey heron were ob-
served at the water treatment facilities of the city of Ter-
nopil (06.12.1997), as well as in the sumps of the sugar
factory there was 1 individual of the great egret [8, 9].

In 1998, I. V. Shydlovskyi watched 3 great egrets in
Cholhyni village in Yavoriv district (28.02.1998). D. Du-
bovyk observed one grey heron in Rusanivtsi village in
Letychiv district (Khmelnytsky region) on Southern Bug
river (01.02.1998) [11]. O. H. Hryshchuk counted one grey
heron on Western Bug river between Sokal and Zvhryrka
(Lviv region) (04.02.1998) [11].

In 1999, on December 121" M. V. Khymyn watched
3 grey herons in flight in Charukiv village (Lutsk region),
on January 10" and December 23 M. M. Khashchivsky
observed one grey heron on Cherkhava river in Horo-
dyshche village in Sambir district (Lviv region) [11].
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In the territory of the Rivne region, the great egret is an
atypical wintering species. In winter, birds were counted
on lakes, ponds and rivers that do not freeze [1, 4].

The wintering of the great egret was registered in
2000-2003 in the Letychiv district of the Khmelnytskyi
region. These birds were found in the valley of the South
Bug River and its tributaries. The population during the
winter of 2000/2001 was up to 25, in 2001/2002 it was
up to 10, in 2002/2003 — up to 5 individuals [8].

On the territory of the Kremenchug reservoir,
M. N. Havryliuk and his colleagues recorded wintering
birds. On December 13, 2008, these authors observed
52 great egrets and 7 grey herons on the territory of the
Sula Bay and on the ponds between the villages of Ly-
pove and Bugaivka (Globyne district). In December 2008,
4 individuals of the great egret and 80 individuals of grey
heron were observed on the territory of the Kaniv reser-
voir, and 8 grey herons were observed on the ponds near
the Irkliiv village (Chornobaiv district, Cherkasy region)
on December 12t [3].

In 2009, the authors observed one grey heron on the
territory of the treatment facilities near the Chervona Slo-
boda village. In mid-February 2009, the authors observed
a grey heron in the number of 12 individuals on the territo-
ry of Sula Bay and the nearby ponds. On the ponds near
Sagunivka-Chervona Sloboda villages at the sevage
treatment facilities and the adjacent areas of the reservoir
in the same period, the authors observed 16 and 50 grey
herons, respectively.

Therefore, the areas where herons stay for the winter
differ in their geographical location, but they have one
thing in common — the presence of reservoirs that do
not freeze. These are mostly the man-made water bod-
ies such as water reservoirs, sewage treatment plants,
settling tanks.

There are a large number of ponds, lakes, and reser-
voirs in the territory of Lviv region, but representatives of
Ardeidae are observed only in flight over the city of Lviv,
they winter in waterbodies outside the city and can be
seen while moving from one water reservoir to another.

On the territory of the Cherkasy region, there is the
Kremenchuk Reservoir, which in turn provides the birds
of the wetland complex with a territory for wintering with
a large amount of feed.

Ternopil, Rivne, and Khmelnytskyi regions also have
reservoirs of man-made origin, where birds often stay for
the winter. In particular, on the territory of these regions
there are cooling reservoirs of power plants.

Zhydachiv and Kaniv district-level agglomerations are
located on rivers. Zhydachiv agglomeration is located on
the Stryi River, which is a tributary of the Dniester, and
the Kaniv one is located on the bank of the Dnipro River
and has a large surface area due to the presence of
the Kremenchuk Reservoir [13].

The purpose of this paper is a study of the quan-
titative composition of the heron family (Ardeidae)
representatives in the territory of Lviv and Cherkasy
urban agglomerations in the winter period.
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Materials and Research Methods

The research was carried out on the territory of
urban agglomerations of Lviv and Cherkasy regions in
the winter periods of 2020-2024. We selected 4 urban
agglomerations: 2 of regional level (Lviv and Cherkasy)
and 2 of district level (Zhydachiv and Kaniv).

The observations was conducted during the daylight
from 8 am to 12 pm, by the method of point-count-
ing, with a fixed detection zone, with the interval of
1-2 weeks. During the birdwatching we recorded all
species of birds (including vocalization) in the radius of
the circle R; 25 cm and R, 50 cm. To reduce the pos-
sible error, the points within the research areas are set
accidentally with the help of qGis, which is used to cre-
ate maps and store valuable information about discov-
ering the habitats of various plant and animal species
in nature conservation activities. For the birdwatching
we used Breaker 12x16 binoculars.

Research Results

During the entire period of research, we found two
species of herons — the grey heron (Ardea cinerea)
and the great egret (Ardea alba) with a total number
of 29 and 66 individuals, respectively.

In the territory of the city of Lviv, during the entire
period of records, only six individuals of the grey her-
on and two of the great egret were observed. In con-
trast, in the territory of the Zhydachiv agglomeration
representatives of the egrets were more nomerous, in
particular, 59 individuals of the great egret and 9 indi-
viduals of the grey heron were recorded.

On the territory of the Cherkasy agglomeration,
only 17 individuals of the grey heron were observed,
and the great egret was not recorded at all (although
we know about its wintering in this territory, but during
our research we did not manage to find it). Within the
territory of the Kaniv agglomeration, we observed only
1 individual of the grey heron and 1 individual of the
great egret.

This distribution of observations of wintering her-
ons, in our opinion, indicates the importance for them
of the presence of non-freezing water bodies, and at
the same time with an insignificant depth. The Stryi
River within the city of Zhydachiv is quite shallow and
not wide, which provides birds with an opportunity to
forage, unlike Lviv, where Poltva river with its conflu-
ents is almost entirely underground in collectors, but
goes outside and flows within the city for more than
3 km.

There is also a significant difference between the
rivers of both geographical locations (west and cen-
ter of Ukraine), since the wide and deep Dnipro River
flows within the borders of Kaniv and Cherkasy, where
not all places within the rivulet are suitable for forag-
ing by Ardeidae representatives.

bionozis meapuH, 2024, 1. 26, N4
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Cherkasy

Kaniv

Fig. 1. Map of the research areas

According to the conducted records, wintering grey
herons were more massively recorded in the territo-
ry of the Cherkasy urban agglomeration. In general,
according to our data, its distribution is more uniform
than that of the great egret, which is probably related
to the significant, historically composed area of distribu-
tion of this heron, in contrast to the great egret, which
expanded its range from the Azov-Black Sea coast to
the north during the last 20-25 years.

On the territory of Ukraine, grey heron (Ardea cinerea)
and the great egret (Ardea alba) can remain wintering
due to the mild climate of certain regions. For example,

The Animal Biology, 2024, vol. 26, no. 4
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Fig. 2. The total number of Ardea cinerea and Ardea alba
on the territory of the studied agglomerations in the winter periods
of 2020-2024
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in the southern and western regions in the valleys of large
rivers, such as the Dnipro and Dniester, winters can be
relatively mild. This allows the herons to stay in places
where there is open water and enough forage.

The counted representatives of the Ardeidae family
show the nature of wintering of non-mass species of
birds and were recorded only near water bodies that
are not covered with ice.

References

1. Dobrynskyi OV, Hryniuk PO, lichuk VP, Gedzyuk VO. Great white
heron (Ardea alba) in the Rivne region. Berkut. 2022; 31 (1-2):
59-69. DOI: 10.5281/zenodo.10264043. (in Ukrainian)

2. Fesenko HV, Bokotey AA. Birds of the fauna of Ukraine (field
identifier). Kyiv; 2002: 416 p. (in Ukrainian)

3. Gavrilyuk MN, Domashevskyi SV, Hryshchenko VM, llyukha OV, Bory-
senko MM, Yablonovska-Hryshchenko ED. Wintering of waterfowl
and near-water birds in 2008-2009. in the area of the Kremenchug
Reservoir. Herald Cherkasy Univer Ser Biol Sci. 2009; 156: 15-20.

4. Hryniuk PM, Gedzyuk VO, lichuk VP, Kotyk RS. Wintering birds
of the south of Rivne region. Troglodytes. 2020; 9—10: 64—76.
Available at: https://drive.google.com/file/d/1Zx0Z5JkIHGc5
P2ImWHvVN9PpVGV8eUO02l/view (in Ukrainian)

5. Hryshchenko VM, Yablonska-Hryshchenko ED. Avifaunistic re-
cords in west and central parts of Cherkasy region in August of
2006. Avifauna Ukr. 2006; 3: 46—48. Available at: http://www.
aetos.kiev.ua/avifauna/avi3/avi3-04.pdf (in Ukrainian)

10.

1.

12.

13.

Khymyn MV, Horban IM (eds). Catalog of avifauna of the western
regions of Ukraine. Avifaunal observations for 1989—1990. 1991; 2:
156 p. Available at: https://drive.google.com/open?id=0B4qVwm_
OqwWO0OXIud09Va3RZLWS (in Ukrainian)

Klimov OV, Nadtochii HS, Klimov DO, Heydrich IM. Solving the prob-
lem of conservation of wetland birds of Ukraine. Problems of environ-
mental protection and ecological safety: coll. of sci. rep. UKRNDIEP,
KhNU named after V. N. Karazin. 2022;. 44: 81-109. (in Ukrainian)

Maihruk MI, Bokotey AA. Birds of Ternopil Region. Lviv, Prostir-M,
2019: 244 p. (in Ukrainian)

Materials of ornithological observations on the territory of the re-
gions of western Ukraine for 1997. Troglodytes. Proc Vestern Ukr
Ornithol Soc. 2010; 1: 88—129. Available at: https://drive.google.
com/file/d/0B4gqVwm_OqwWO0QIpCRDgtRDFzU28/view?
resourcekey=0-rUBFX6A048i08GUqsRB1JQ (in Ukrainian)

Materials of ornithological observations on the territory of the re-
gions of western Ukraine for 1998. Troglodytes. Proc Vestern Ukr
Ornithol Soc. 2011; 2: 114—146. Available at: https://drive.google.
com/file/d/0B4gVwm_OqwWOMmR2VmUwVnQ5cWM/view?
resourcekey=0-zJWf_RkpKKIJssYZrloiHw (in Ukrainian)

Materials of ornithological observations on the territory of the re-
gions of western Ukraine for 1999. Troglodytes. Proc Vestern Ukr
Ornithol Soc. 2012; 3: 140-164. Available at: https://drive.google.
com/file/d/0B4qVwm_OqwWO0YzhaUFZ6WW44SHM/view?
resourcekey=0-u9pQb5Dg8nCCEbJmbOeatQ (in Ukrainian)

Novak VO. Winter avifauna of the eastern districts of Podillia.
Berkut. 2003; 12 (1-2): 14—20. Available at: http://www.aetos.
kiev.ua/berkut/berkut12/fauna12-3.pdf (in Ukrainian)

Zhulenko V, Drekalo R. Winter avifauna habitat types of urban agglom-

erations: comparison by qualitative and quantitative indicators. Studia
Biologica. 2023; 17 (4): 143—156. DOI: 10.30970/sbi.1704.750.

CnocTexeHHs yanni cipoi (Ardea cinerea) Ta yenypu Benukoi (Ardea alba)
Ha TepuTopii JIbBiBCbKOI | Yepkacbkoi obnacTen y 3MmMoBui nepioa
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Y cTaTTi HaBegeHa kopoTka iHopMaLis Npo CMOCTEPEXEHHS Y 3UMOBUIA Nepiod Yanni cipoi (Ardea cinerea) i Yenypu Benukoi
(Ardea alba) Ha TepuTopii JlbBiBCbKOT Ta Yepkacbkoi obnactei. ObnikoBaHi HaMW NpeAcTaBHUKM poauHK Ardeidae NposiBNSOTE He
MacoBUI xapakTep 3umiBni i 6ynn 3adikcoBaHi nuwe 6ins BogoviM, ki He BKPUTI KpUroto. Taki CnoCcTepexeHHs CBig4aTb Npo HU3bKY
CMHaHTpPONI3aLjilo Ta BaXNMBICTb ANS UMX NTaxiB cneundivyHnx Tmnis ocenuuy. Kpim Toro, enisoanyHicTb iX BUSBNEHHS AOBOAUTL
HU3bKY CTIKICTb 4O 3MMOBUX YMOB, TOMY Y AOCUTb XONOAHI 3UMWN NPeACTaBHUKIB poanHu Ardeidae maimxe He dikcyBanu.
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Heat stress is a critical factor in the adaptation of animals to chang-
ing environmental temperature conditions and can significantly im-
pact their health. Elevated ambient temperatures induce considerable
stress, potentially leading to various adverse effects in poultry, including
impairments in the antioxidant system. The imbalance between antioxi-
dant and pro-oxidant processes can result in the excessive formation of
free radicals, which harm cells and may contribute to the development
of diseases. This study investigates the effects of artificially induced
heat stress on the antioxidant system and lipid peroxidation products
in the blood of laying hens. Laying hens, as commercial poultry lines
selected for high egg productivity, are particularly vulnerable to high
ambient temperatures due to their intensive metabolism, increased en-
ergy demand for egg production, and limited thermoregulatory capacity
compared to other bird species. In intensive poultry farming, where bird
density is high, these factors can exacerbate heat stress. The study
aimed to identify changes in specific indicators of the antioxidant sys-
tem and the content of lipid peroxidation products in the blood of chick-
ens under the influence of betaine, taurine and myo-inositol. Analyzing
parameters such as lipid hydroperoxides (LOOH), reduced glutathione
(GSH), glutathione peroxidase (GSH-Px), glutathione reductase (GR),
catalase (CAT), and superoxide dismutase (SOD) provides insights
into the antioxidant defense system and oxidative stress levels under
heat stress conditions. The study involved 15 laying hens housed in the
vivarium of the Institute of Animal Biology NAAS, and was conducted
in two phases. During the first phase, hens were kept at an ambient
temperature of 20°C for three weeks. During the second phase, heat
stress conditions were simulated by raising the temperature to 30°C for
6 hours daily over 7 days. Birds were divided into two groups: the control
group (fed a standard diet) and the experimental group (supplemented
with 0.5 g/kg betaine, 5 g/kg taurine, and 2 g/lkg myo-inositol). Results
showed that with increased ambient temperature in the control group,
the content of LOOH decreased by 63% (P<0.05), while the activities
of CAT, SOD, GSH-Px, and GR decreased by 28% (P<0.001), 49%
(P<0.01), 15% (P<0.01), and 30% (P<0.01), respectively, compared to
thermoneutral conditions. Conversely, GSH content increased by 37%
(P<0.01). In the experimental group supplemented with betaine, tau-
rine, and myo-inositol, CAT, GSH-Px, and GR activities decreased by
14% (P<0.01), 30% (P<0.001), and 23% (P<0.05), respectively, under
thermoneutral conditions. Under heat stress conditions, LOOH content
decreased by 59% (P<0.05), and GSH-Px activity decreased by 15%
(P<0.01), while SOD and CAT activities increased by 55% (P<0.001)
and 11% (P<0.05), respectively, compared to the control. The findings
indicate the positive effects of betaine, taurine, and myo-inositol on the
antioxidant system of laying hens under heat stress. The results high-
light the potential of these supplements as effective strategies to main-
tain poultry health and productivity during heat stress.

Key words: laying hens, heat stress, oxidative stress, antioxidant
defense system
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Introduction

In recent years, global climate change has led to
an increase in the frequency and duration of high-tem-
perature periods, significantly impacting agriculture,
particularly poultry farming [8]. Poultry are especially
sensitive to heat stress (HS) due to their biological
characteristics, such as high metabolic rates, elevat-
ed heat production, rapid growth, and high produc-
tivity. Commercial poultry species, particularly laying
hens selected for high egg productivity, are even
more vulnerable to HS due to their specific biologi-
cal and physiological traits [11]. The optimal ambient
temperature for their growth typically ranges between
18-24°C [15]. Temperatures exceeding this range,
particularly above 30°C, can cause HS [10].

Elevated ambient temperatures can overload the
thermoregulatory systems of animals, leading to in-
creased heat production and, consequently, the ac-
tivation of mechanisms that generate free radicals
(FRs). These radicals are highly reactive molecules
capable of damaging cells, proteins, lipids, and DNA.
Under HS, the body attempts to counteract the ad-
verse effects of high temperatures by activating anti-
oxidant systems to neutralize FRs. These systems
include both non-enzymatic low-molecular-weight
antioxidants, such as reduced glutathione (GSH), and
enzymatic high-molecular-weight antioxidants, such
as catalase (CAT), superoxide dismutase (SOD),
glutathione peroxidase (GSH-Px), and glutathione re-
ductase (GR). These antioxidants limit the rate and
progression of oxidation by detoxifying superoxide
radicals, thereby protecting cells from oxidative dam-
age [3]. However, intense HS can overwhelm the an-
tioxidant system’s capacity to manage these radicals,
leading to increased oxidative stress (OS).

OS is characterized by an imbalance between the
generation of reactive oxygen species (ROS) and
their neutralization by antioxidant systems, resulting
in damage to cells and tissues. ROS can react with
unsaturated fats in cell membranes, forming lipid per-
oxides that compromise membrane integrity, increase
permeability, and lead to cellular content leakage. OS
also causes protein oxidation, which can result in pro-
tein denaturation and loss of biological activity. DNA
oxidation may lead to mutations and strand breaks,
affecting cellular division and function, increasing the
risk of genetic alterations, and promoting the develop-
ment of various diseases [12].

The antioxidant properties of compounds such as
betaine, taurine, and myo-inositol are essential for
maintaining poultry health, especially under stress
conditions. Betaine, a natural methyl donor, can lower
homocysteine levels in poultry blood, enhancing over-
all antioxidant activity and reducing OS [5]. Taurine, an
amino acid, plays a critical role in antioxidant defense
by neutralizing FRs and regulating intracellular calcium
levels, thus mitigating cellular stress and maintaining
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cellular function [1]. Myo-inositol reduces OS through
multiple mechanisms, including lowering pro-oxidant
molecule levels, activating antioxidant enzymes (SOD
and CAT), and supporting cellular metabolism, such as
phospholipid synthesis and signal transduction, which
helps maintain membrane integrity and reduces oxi-
dant accumulation [2]. Collectively, these compounds
may significantly reduce OS and promote overall poul-
try health, making them valuable dietary supplements,
particularly under HS conditions.

This study aimed to evaluate the effects of beta-
ine, taurine, and myo-inositol on selected antioxidant
system parameters (GSH levels, GPxs, GR, SOD,
CAT activities) and the content of lipid hydroperoxides
(LOOH) in the blood of chickens under HS conditions
simulated in a controlled environment.

Materials and Methods

The study involved 15 laying hens. The first, con-
trol group (C, n=7), consisted of birds fed a standard
diet without additional components. The second, ex-
perimental group (E, n=8), received a compound feed
supplemented with betaine (0.5 g/kg), taurine (5 g/kg),
and myo-inositol (2 g/kg) based on dry matter. Experi-
mental work was conducted in the vivarium of the Insti-
tute of Animal Biology NAAS. The hens were housed
in metal cages equipped with automatic feeders and
waterers. During the study, birds were fed a complete
compound feed balanced for all necessary nutrients,
vitamins, and microelements, with access to clean
drinking water. The vivarium conditions were controlled
to maintain specified temperature, humidity, and light-
ing according to the experimental plan.

The study consisted of two phases. In the first
phase, birds were kept under thermoneutral conditions
(TN) at a temperature of 20°C and relative humidity of
60% (temperature-humidity index = 66 [6]). Blood sam-
ples were collected on day 7 for biochemical analysis.
Starting on day 8, the vivarium temperature was raised
to 30°C for 6 hours daily, maintaining a relative humid-
ity of 70% to simulate heat stress (temperature-humidity
index = 81 [6]). On day 14, after one week of high-tem-
perature exposure, the birds were decapitated, and bi-
ological material was collected for further studies.

All procedures with chickens were performed
in compliance with the provisions of the European
Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purpos-
es (Strasbourg, 2005), Council Directive 2010/63/EU,
and the Law of Ukraine no. 3447-1V “On the Protec-
tion of Animals from Cruelty” with amendments 440-IX
dated 14.01.2020, following protocol no. 115a dated
28.09.2022 of the Bioethics Commission for Scientific
Research of the Institute of Animal Biology NAAS.

The lipid hydroperoxide (LOOH) content was deter-
mined using the method described in [19]. A mixture of
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0.2 ml blood plasma, 0.05 ml 50% TCA, and 2.8 ml eth-
anol was shaken for 5-6 minutes, then centrifuged at
3500 rpm for 10 minutes. A 1.5 ml supernatant aliquot
was mixed with 1.2 ml ethanol, 0.02 ml concentrated
HCI, and 0.03 ml 1% ammonium thiocyanate solution,
then left for 30 seconds. A 20% thiocyanate solution
induced a crimson color, and optical density was mea-
sured at 480 nm for 10 minutes. LOOH concentration
was calculated as the difference between control and
test samples and expressed in anson unit/ml (AU/ml).

Reduced glutathione (GSH) content was measured
colorimetrically using 5,5'-dithiobis-2-nitrobenzoic acid
(DTNB). In the test sample, 2 ml blood hemolysate and
3 ml precipitating reagent were combined. A control used
2 ml distilled water. After 5 minutes of incubation and
centrifugation, the supernatant was mixed with 0.3 M
Na,HPO, and Ellman’s reagent. Absorbance was mea-
sured at 412 nm. GSH content was calculated using
a calibration graph and expressed in mmol/l [19].

Glutathione peroxidase (GPxs) activity was as-
sessed by measuring GSH oxidation with tertiary butyl
hydroperoxide. A mixture of 0.1 ml hemolysate, TRIS
buffer with EDTA and sodium azide, and GSH solution
was incubated at 37°C. Tertiary butyl hydroperoxide
was added, followed by 10% TCA. After centrifuga-
tion, the supernatant was mixed with TRIS buffer
and Ellman’s reagent, and absorbance was mea-
sured at 412 nm. GPxs activity was expressed as
nmol GSH/min x mg protein [19].

Glutathione reductase (GR) activity was deter-
mined by measuring NADPH oxidation. The mixture
contained K,HPO,, oxidized glutathione, and EDTA.
The reaction was initiated with NADPH and hemoly-
sate, and absorbance decrease at 340 nm was mon-
itored for 1 min. Enzyme activity was expressed as
pgmol NADPH/min x mg protein [19].

Superoxide dismutase (SOD) activity was mea-
sured based on nitroblue tetrazolium (NBT) reduction
by superoxide anions. A reaction mixture included he-
molysate, NBT, EDTA, and PMS in phosphate buffer,
with NADH added. Samples were incubated at 20°C
for 10 min, and absorbance was recorded at 540 nm.
SOD activity was expressed in anson unit/mg protein
(AU/ml), using a calibration curve [19].

Catalase (CAT) activity was determined using mo-
lybdenum salts reacting with H,O, to form a colored
complex. The test sample mixed hemolysate with H,O,.
Control samples used ammonium molybdate. After in-
cubation and acid addition, absorbance was measured
at410 nm [19].

Statistical analysis was performed as described
in [13]. Data are presented as mean * standard de-
viation. All data were analyzed using Statistica 10
software. Statistical significance was determined us-
ing one-way analysis of variance (ANOVA). Student’s
t-test was used to evaluate differences between the
two groups. Differences were considered statistically
significant at P<0.05.
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Results and Discussion

Lipid peroxidation is the process of oxidizing un-
saturated fatty acids in cell membranes, leading to the
formation of peroxides and other reactive products.
This process can be triggered by free radicals and
other oxidative agents [14]. Excessive activation of
lipid peroxidation in biological systems increases the
levels of lipid hydroperoxides and reactive aldehydes,
which can be toxic to cells and tissues [16].

LOOH are the initial intermediates in cellular oxida-
tion. They are formed when lipids react with free radicals
and are unstable, quickly breaking down into other com-
pounds such as aldehydes and ketones. Under stress,
animals generally exhibit an increase in blood LOOH lev-
els as an indicator of OS [7]. However, our study found
that HS decreased LOOH levels in the blood serum of
control group chickens by 2.7-fold (P<0.05) compared
to chickens reared under thermoneutral conditions (fig.).
This can be explained by HS reducing the availability
of substrates for lipid peroxidation (e.g., polyunsaturat-
ed fatty acids), thereby decreasing LOOH formation.
Significant GSH accumulation may also contribute to
the reduction in LOOH levels [14].

The inclusion of dietary supplements under stressful
conditions increased LOOH levels in chicken plasma by
2.4-fold (P<0.05) compared to the control group, reach-
ing levels characteristic of TN conditions. Betaine and
myo-inositol may stabilize cell membranes and maintain
osmotic balance, but they also influence the metabolism
of membrane lipids, particularly phosphatidylinositols
containing polyunsaturated fatty acids [2, 5]. These ac-
ids are primary targets for lipid peroxidation, which could
explain the increased LOOH levels.

TN HS
06

05

03

*
0,44
02 [
0.1

Lipid hydroperoxide content, AU/ml

0,35 0.38

Fig. Lipid hydroperoxide content in the plasma of laying hens
under HS with the addition of betaine, taurine, and myo-inositol
(Mtm, n=15)

Note. Here and further there is a statistically significant difference

in data between HS and TN: * — P<0,05; ** — P<0,01; *** — P<0,001;
statistically significant difference in experimental data (E) compared
to the control (C). TN — thermoneutral conditions; HS — heat stress.
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SOD represents the first line of cellular defense
against OS. It catalyzes the conversion of superoxide
radicals (O,") into hydrogen peroxide (H,O,) and oxy-
gen (O,). This process is vital for the organism as su-
peroxide radicals are highly reactive and can damage
cellular components, including DNA, proteins, and lip-
ids. By reducing superoxide levels, SOD helps prevent
cellular damage and maintains homeostasis [4].

In our study, HS in the control group caused a 49%
reduction in SOD activity in the blood (P<0.01) compared
to TN conditions (table 1). In the experimental group, di-
etary supplementation under HS increased SOD activity
in chicken erythrocytes by 55% compared to the control
group, restoring levels to those characteristic of TN
conditions. This suggests enhanced antioxidant pro-
tection through taurine, betaine, and myo-inositol sup-
plementation, which activates SOD under HS, thereby
providing better protection for erythrocytes against
oxidative damage.

CAT is an enzyme that catalyzes the breakdown of
hydrogen peroxide into water and oxygen, preventing
the accumulation of this toxic compound in cells. Hydro-
gen peroxide is potentially harmful as it can initiate the
formation of hydroxyl radicals, which damage cellular
structures such as proteins, nucleic acids, and lipids
[18]. In our study, CAT activity in the erythrocytes of lay-
ing hens under HS in the control group decreased sig-
nificantly by 28% (P<0.001) compared to TN conditions.
The addition of supplements under normal tempera-
tures reduced CAT activity in animal erythrocytes by
14% (P<0.01). However, under elevated temperatures,
CAT activity increased by 11% (P<0.05) compared to
control values. This suggests a modest positive effect
of supplements on the ability of erythrocytes to main-
tain catalase activity under stress, potentially linked

Table 1. Superoxide dismutase and catalase activities in the
erythrocytes of laying hens under HS with the addition of betaine,
taurine, and myo-inositol (M+m, n=15)

Indicators (ipndi- Control Experiment
ions
SOD, AU/mg TN 17,43+1,38 17,79+1,41
protein HS 8,90+1,10* 19,57+0,87##
CAT, mmol H,O,/ TN 247,64 +3,35 212,16 £ 13,03
minxmg of protein ~ HS 177,10 £ 5,10*** 198,04 + 7,99*

Table 2. Indicators of the glutathione pathway of antioxidant defense
in the erythrocytes of laying hens under HS with the addition of betaine,
taurine, and myo-inositol (M+m, n=15)

Condi-

Indicators tions Control Experiment
TN 0,50+0,06 0,58+0,09
GSH, mmol/L ’ ’ ’ ’
HS 0,7940,04** 0,89+0,09*
GPxs, nmol GSH/ TN 145,65+7,73  101,36+6,70%#
minxmg protein HS 123,78+6,50** 104,58+5,41#
GR, pmol NADPH/ TN 8,03+1,07 6,17+0,387
minxmg protein HS 5,61+0,69** 5,12+0,56
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to increased cellular resistance to oxidative stress
and an improved overall antioxidant status in laying
hens [14].

The glutathione pathway of antioxidant defense is
a key system for maintaining cellular redox homeostasis.
It neutralizes ROS and prevents oxidative damage to
biomolecules. The primary enzymes of this system
operate in close coordination, regenerating antiox-
idants and maintaining a stable redox balance, which
is critical for cellular function under oxidative stress
[17]. This pathway includes GSH, GPxs, and GR,
which we analyzed in the blood of laying hens in our
study (table 2).

GSH is one of the most important non-enzymatic
antioxidants, playing a crucial role in reducing LOOH
through GPxs and neutralizing ROS and free radicals
[16]. Under HS, we observed a 37% (P<0.01) increase
in GSH levels in the control group and a 35% (P<0.01)
increase in the experimental group compared to TN
conditions. These findings indicate an increased need
for antioxidant defense in response to heat stress.

GPxs is a key antioxidant enzyme that catalyzes
the reduction of peroxides using GSH as a reduc-
ing agent [4]. As shown in table 2, HS in the control
group significantly decreased GPxs activity in the
blood of laying hens by 15% (P<0.01) compared to
TN conditions, likely due to enzyme depletion under
chronic oxidative stress. In the experimental group,
dietary supplementation reduced GPxs activity in an-
imal blood by 30% (P<0.001) under TN and by 15%
(P<0.01) under HS compared to control values. This
reduction may reflect decreased overall pro-oxidative
stress due to membrane stabilization and increased
GSH activity.

GR is an enzyme that catalyzes the conversion of
oxidized glutathione (GSSG) into GSH using NADPH
as a reducing agent [16]. GR activity analysis showed
a 30% (P<0.01) decrease in erythrocytes of the con-
trol group under HS compared to TN. This indicates
a decline in glutathione reductase functionality under
HS due to prolonged oxidative stress, reducing the
efficiency of the glutathione cycle. Dietary supple-
mentation also reduced GR activity in birds’ blood
by 23% (P<0.05) compared to controls under normal
temperature conditions, likely due to decreased need
for GSSG reduction as peroxide and ROS levels de-
clined. No significant changes in GR activity were
observed under elevated temperatures in the exper-
imental group, although there was a tendency for re-
duced activity.

Overall, the avian response to stress may involve
increased production of certain antioxidants, such as
GSH, to mitigate oxidative stress. However, this can
deplete resources, negatively affecting other antioxi-
dant enzymes like CAT, SOD, GPxs, and GR [3].

The reduced activity of some antioxidants in the ex-
perimental group may result from supplements such
as betaine, taurine, and myo-inositol acting as direct
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antioxidants. These compounds may interact with
free radicals and oxidative molecules like hydrogen
peroxide and superoxide anions, reducing their activ-
ity and converting them into less harmful compounds.
Additionally, these compounds enhance cellular pro-
tective mechanisms, reduce inflammation, and sup-
port overall redox balance [1, 9]. Hence, antioxidant
supplementation may trigger adaptive processes, re-
ducing the need for endogenous antioxidant enzyme
production due to the external antioxidant protection.
This mechanism may contribute to stress mitigation
and homeostasis restoration.

The study demonstrated that heat stress nega-
tively affects the antioxidant status of laying hens,
evidenced by reduced activity of key antioxidant
enzymes (CAT, SOD, GPxs, GR) and LOOH levels.
This indicates increased oxidative stress, disrupting
the balance between pro- and antioxidant process-
es. Concurrently, the compensatory increase in GSH
levels suggests the activation of non-enzymatic anti-
oxidant defense pathways as a partial response to
oxidative burden.

Dietary supplementation with taurine, betaine,
and myo-inositol under HS normalized the antioxi-
dant system of laying hens. Specifically, SOD activity
was restored to TN levels, CAT activity moderately
increased, and LOOH levels stabilized. The reduced
GPxs and GR activity in the experimental group in-
dicates a lower demand for their function due to en-
hanced alternative antioxidant pathways and reduced
pro-oxidative stress.

Thus, the findings confirm that betaine, taurine,
and myo-inositol supplements can mitigate oxidative
stress, although their efficacy under HS remains limited.
Further research is needed to optimize supplement
composition and dosing to enhance antioxidant activ-
ity under stress conditions.
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IHcTMTYT Gionorii TBapuH HAAH, Byn. B. CTyca, 38, m. JIbBiB, 79034, YkpaiHa

Tennosuin CTPeC € OQHUM i3 KIOYOBUX YMHHUKIB, LLO BMAMBAKOTL HA aganTaLito TBApUH A0 3MiH TeMnepaTypu HaBKOMULLHBOTO
cepefoBuLLA, | MOXeE 3HAYHO NMO3HAYUTUCS Ha IXHbOMY 340poB’i. MiaBuLLEeHa TemnepaTypa HaBKONMLLIHBOIO CEPEAOBULLA CIIPUYNHSAE
3HaYHWI CTPEC, LLO NOTEHLiNHO NPU3BOAUTL A0 Pi3HMX HEraTUBHUX HACMIAKIB Y NTWLI, 30Kpema [0 nopyLleHb y poboTi aHTUOKCMAaHT-
HOI cucTemu. fincbanaHc Mk aHTMOKCMAAHTHUMM Ta MPOOKCUAAHTHUMM NPOLLECaMM MOXE CMIPUYUHUTU HaAMIPHE YTBOPEHHS BillbHUX
paauvkanis, SKi LUKOAATb KNiTUHAM i MOXYTb CMIPUATU PO3BUTKY 3aXBOPIOBaHb. Y LibOMY AOCHIAXEHHI BUBYEHO BMAMB LUTYYHO iHAYKO-
BaHOrO TEMNJIOBOrO CTPECY Ha aHTUMOKCMAAHTHY CUCTEMY Ta NPOAYKTW NEPOKCUMAHOIO OKUCNEHHS NinigiB y KPoBi Kypen-Hecy4ok. Ky-
PU-HECYYKM SK KOMEPLiHI NiHii NTWLi, cenekuioHoBaHi ANsi BUCOKOI NPOAYKTUBHOCTI SiELb, € 0COBNMBO BpasnuBMMK A0 NiOBULLEHNX
Temneparyp 4Yepes iHTEHCUBHWUIA OOMIH PEYOBUH, 30iMbLUEHWUI €HEPreTUYHMI NOMUT Ha BUPOOHULTBO AELb Ta OOMEXeHy 34aTHICTb
00 Tepmoperynsuii NOPiBHAHO 3 iHWMMKW BuAaMu ntaxis. B ymoBax iHTEHCUBHOIO NTaxiBHULTBA, Ae LWiNbHICTb YTPUMaHHSA BUCOKA, Ui
haKTopK MOXYTb MOCUMNIOBATK TEMNOBUIA cTpec. MeToto AocnigXeHHs 6yno BU3HAUNTV 3MiHW B OKPEMUX NMOKa3HMKaX aHTUOKCUAAHT-
HOI cMCTeMM Ta BMICTY NPOAYKTIB NEPOKCUAHOIO OKVUCIEHHS MinigiB y KPOBi Kypew Mig BNnnBoM GeTaiHy, TaypuHy Ta Mio-iHO3uTony.
AHanis Takux napameTpis, sk ninigHi rigponepekuncu (LOOH), BigHoBneHun rnyTtatioH (GSH), ryTaTioHnepokeuaasa (GSH-Px), rmy-
TaTtioHpeaykTasa (GR), katanasa (CAT) Ta cynepokcugaucmytasa (SOD), gae 3amory ouiHMTK CTaH aHTMOKCUAAHTHOrO 3axXuUCTy Ta
piBEHb OKCMAATMBHOIO CTPECY B YMOBax TEMOBOro cTpecy. [locniakeHHs NpoBoaMnu Ha 15 Kypkax-Hecydkax, Skux yTpumysanu y
BiBapii IHcTuTyTy Gionorii TBapuH HAAH. BoHo cknaganocs 3 4BOX eTaniB: MPOTSAroM NepLUOro etany Kypen yTpumysanu 3a Temnepa-
Typy 20°C npoTsirom TpbOX TUXHIB. Ha apyromy eTani mogentoBanu TennoBuii cTpec, niasuLLyoumn Temnepatypy ao 30°C Ha 6 roguH
LoAHSA npoTArom 7 AHie. MNTyL0 po3ainMnu Ha ABI rpynu: KOHTPONbHY (FoAyBanu cTaHAapTHUM paLioHOM) Ta eKCepuMeHTarnbHy
(nopaTkoBo 3rogoByBanu 0,5 r/kr 6eTaiHy, 5 r/kr TaypuHy Ta 2 r/kr Mio-iHo3uTony). Pe3ynstaTti nokasanu, Lo 3a niaBULLEHHS TeMne-
paTypu B KOHTponbHil rpyni BMicT LOOH 3Hu3uBcs Ha 63% (P<0,05), a aktusHicTe CAT, SOD, GSH-Px Ta GR 3meHwunacs Ha 28%
(P<0,001), 49% (P<0,01), 15% (P<0,01) Ta 30% (P<0,01) BignoBigHO NOpPiBHAHO 3 TEPMOHEYTpanbHMMKM yMoBamu. BogHovac BmicT
GSH 3pic Ha 37% (P<0,01). B ekcnepumMeHTanbHin rpyni, Ae 3actocoByBanu fobasku, aktueHicTb CAT, GSH-Px Ta GR 3Hu3unacs Ha
14% (P<0,01), 30% (P<0,001) Ta 23% (P<0,05) BignosigHo B TepMOHeyTparnbHMX ymoBax. 3a ymMoB Tennosoro cTpecy Bmict LOOH
3Hu3mBCs Ha 59% (P<0,05), aktneHicte GSH-Px — Ha 15% (P<0,01), Togi sik aktuBHicTb SOD T1a CAT 3pocna Ha 55% (P<0,001)
Ta 11% (P<0,05) BignoBiAHO MOPIBHSIHO 3 KOHTPOSLHOW rpynoto. OTpuMaHi pesyneTaTti cBigyaTb NPO NO3UTUBHWIA BNUB GeTainy,
TaypuwHy Ta MiO-iHO3UTONY Ha @HTUOKCMAAHTHY CMCTEMY Kypen-Hecy4okK 3a yMOB TenoBoro ctpecy. Lle nigkpecnioe nepcnekT1BHICTb
BMKOPUCTaHHSA LMx A06aBOK ANns 306epexeHHs 300poB’s Ta NPOAYKTUBHOCTI NTULI B yMOBaX BUCOKMX Temneparyp.

KniouoBi cnoBa: Kypu-HecCy4Kku, TennoBumn CTpec, oKCUAaTUBHUMN CTpeC, aHTUOKCMAaHTHa cuctemMa 3axucTy

Perederiy DB. Effectiveness of betaine, taurine, and myo-inositol in normalizing the antioxidant status of laying hens under heat stress.
Biol Tvarin. 2024; 26 (4): 43—48. DOI: 10.15407/animbiol26.04.043.
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JJo 6ionoriYHO aKTUBHMX YNHHUKIB KUBMEHHS, SIKi NO3UTUBHO
BNSIMBAOTb HA NEPETPABHICTb | 3aCBOEHHA MOXMBHUX PEYOBUH
KOpMIB, Hanexartb eH3VMHI npenapaT. BoHn € MynsTMeH3VMHUMA
i XapaKTepuayoTbCS BiANOBIAHOK CNPAMOBAHICTIO Ha NOMINLUEHHS
nepeTpaBneHHs NPOTEIHIB, KNITKOBNHK, BeTa-rmntokaHiB, apabiHo-
kevnaHiB Towo. OgHak edhekTUBHE X BUKOPUCTaHHSA B paLlioHax
AN NTUL AesKMX BUAIB, NEBHOTO BiKy | HANPSIMKY MPOOYKTUBHOCTI
notpebye aoaatkoBux gocnimkeHb. [ns 3abesneveHHs Gionoriy-
HOI NOTPEOM NTUL B NOXMBHUX PEYOBUHAX, AeILUT CIPKOBMICHNX
aMIHOKMCIOT YaCTKOBO MOXHa KOMMEHCyBaTV A0AaTKOBUM Aofa-
BaHHAM CynbaTiB, LLO CNpUSE NABULLEHHIO PIBHS KOMMNOHEHTIB
Cynb(pOHOBUX aMiHOMOsICaxapuaiB, a TAKOX MOXe MoninLyBsaTi
PYHKLIOHYBaHHS MyKOiOHOMO 6ap’epy TpaBHOMO TPaKTY | CTUMYIIHO-
BaTN BCMOKTYBAHHS! MOXVBHUX PEHOBUH KOpMY. [epcrnekTuBHUMM
€ CMUCTEeMHI AOCNiIKeHHS! iIHTEHCMBHOCTI MeTaboniYHNX NpoLeciB
B OpraHi3ami NTuLi 3a BBEAEHHS B paLUioOH €K30reHHNX eH3uMIB
y koMnriekci i3 Cyrnbdypom y pisHMX chopmax Ast KpaLLIoro poaLuen-
NEeHHS, NepeTpaBeHHs i 3aCBOEHHS NMOXMBHUX PEHOBUH KOPMY Ta
MNigBULLIEHHS BIOMNOriYHOI Ta Xap4OBOI SIKOCTI NPOAYKLi MTaxiBHWLL-
TBa. [locnig nposeadeHo B ymoBax BiBapito IHCTUTyTy Gionorii TBa-
puH HAAH Ha MONoaHsIKY Kypen M’ICHOTO HanpsMKy npodyKTvB-
HocTi kpocy POCC-8, nounHatoum 3 10-0060B0ro Biky, NOAINEHUX
Ha YoTvpm rpymn (Mo 20 roniB y KOXHIN). YTpUMaHHs KypyaT-opoit-
nepiB y KiTkax i 1 rogisns Bignosigany TeXHONOMYHMM BUMOram.
Yca nTiua oTpumysarna noBHopauioHHWI kombikopm. Kypyata
KOHTPOMLHOI MPYNnm CroXuBany KoMBIikopm 3 OAaTKOBUM yBeOeH-
Ham 0,3% cynbdarty Hatpito. [MTuui | gocnigHol rpynn Ao paLtioHy
nonasarv 0,3% cynbdpaty Hatpito i Haty3um; kypyatam |l gocnia-
Hoi rpyn — umtpat Cynbdoypy (25% Bia TieT KiNbKOCT, Ky OTpu-
MaBarnu KypyaTta B KOHTPOJSIbHIl rpyni, B nepepaxyHky Ha Cynb-
dyp) i Hatysum; kypuatam Il gocnigHoi rpynn — umtpat Cynbdy-
py (10% Big TieT KiNbKOCT, AKy OTpPUMaBanu KypyaTa B KOHTPOSbHil
rpyni, B nepepaxyHky Ha Cynbdyp) i Hatyanm. 3’acoBaHo, Lo
eheKTMBHICTb [OOATKOBOrO BBEAEHHS [0 paLlioHy KypyaT-Opon-
nepis Cynbdypy 3anexuTb Big hopmu 1 KiNbKOCTi ernemeHTa.
[loBeeHo OoUiNbHICTb 3aMiHK B paLioHax NTULL M'ACHOMO Hanpsimy
MPOJYKTMBHOCTI MiHeparbHoi fobasku Cynbdoyp Y hopmi Heopra-
HiyHoi coni (Na,SO,) uMTpatom enemeHTa HAHOTEXHOMOYHOIO
MOXOMKEHHS B KiNbKOCTi, Lo cTaHoBUTL 10% Big BMICTY enemeHTa
B HeopraHivHi doopmi, Ta A06aBKN KOMMIEKCHOTO EH3MMHOTO Mpe-
napary Hatysum. Lle nigBuiLye npogyKTuBHICTL NTuuj (Maca Tina
3pocTae Ha 1,7%; maca niBnatpaHoi TyLwkn — Ha 4,16%; 3a6in-
HU BUXig — Ha 2,12%) Ta sKiCTb OTpUMaHOI NpogyKLii (y rpyaHux
M’A3ax BipOrigHO 3HWKYETHCHA BMICT €TEpPUIKOBAHOTO i BiflbHO-
ro xornectepory (P<0,01) Ta BinbHUX xupHuUX kucrnot (P<0,05) 3a
OHO4ACHOrO 3pOCTaHHS KirbkocTi Tpuaumnrmiueponis (P<0,01)).

KnrouoBi cnoBa: Cynbgyp, eH3umHa gobaeka, KypyaTa-
Gpovinepu, NPOAYKTUBHICTb
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CyuJacHi TeMnu po3BUTKY NTaxiBHMYOI ranysi Bu-
MaratoTb BMPILLEHHS TakuX 3aBAaHb, SK pO3po6rneHHs
egeKTUBHOI KOHUEeNLi rogieni CinbCbKoOrocnogapchbkoi
NTULi 3 BHECEHHSAM BiANOBIOHNX KOPEKTUBIB [16]. Amxe
paLioHarnbHa i MOBHOLHHA rofiBnsa HaMICTOTHILLE Crpusae
POCTY i pO3BUTKY MTWL, ii 30epeXeHOCTi 1 BUCOKI Bia-
TBOPHI 30aTHOCTI, peanisauji reHeTU4HO 00YMOBIEHOI
NPOAYKTMBHOCTI Ta BUPOOHMLUTBY NpoayKLii BignoBigHOi
skocTi [3, 20]. BogHo4yac BaXTMBUM BaXKENEM 3H/KEHHS
cobiBapTOCTi NpoAyKLi NTaxiBHULITBA 3aNULIAETLCS PO3-
pOGneHHs1 1 ONTUMI3aLis HasiBHUX METOAIB roAisni, Lo
6a3syroTbCsl Ha BUKOPUCTaHHI MOBHOLIHHMX 3a CKINaaoM
i NOXXMBHICTIO paLioHiB [8].

o GionoriyHO aKTUBHUX YMHHUKIB XKUBMEHHS, ki Nno-
3UTMBHO BMNNBAIOTL HA NEPETPABHICTb | 3aCBOEHHA NO-
YKVBHMX PEYOBWH KOPMIB, Hanexarb eH3VMHI mpenaparu.
Came HeOobXiaHICTb NoninLeHHs TpaBneHHsa cybcTpaTis
€ FOMNOBHMM OBIPYHTYBaHHAM BUKOPUCTaHHS €K30reHHNX
€H3VMIB Y nTaxiBHULTBI [21]. Y cy4acHOMy KOpMOBUPOO-
HUUTBI € BENWKNIA BUBIp €H3MMUX KOPMOBUX S0ODABOK
Ta npenaparis, SKi 34aTHi NOKpaLLlyBaTu NepeTPaBHICTb
i 32CBOEHHS MOXUBHUX PEYOBUH B iHrpedieHTax i KopMi
3aranom. Lli npenapati € MynsTMeH3VMHUMW | XapakTe-
pY3YHOTLCA BiAMNOBIAHOK CMPAMOBAHICTIO Ha MOMIMLIEH-
HS NepeTpaBnieHHs1 BirkiB, KITiITKOBUHK, OeTa-rnoKaHiIB,
apabiHokcunaHis Towo [3]. OgHak edeKTMBHE iX BMKO-
PVCTaHHs1 B paLioHax A4S MTULi OKPKMUX BMAIB, NEBHOTO
BiKY i HANPSAMKY NPOAYKTUBHOCTI NOTpebye oAaTKOBUX
pocnigxeHs [9].

Cynbdyp € BaxxnuBum BioreHHNM enemMeHToMm, BXO-
OUTb OO CKragy amMiHOKUCIIOT METIOHIHY M LIMCTEIHY i,
BigNoBigHO, 4O cknafy nenTuais i npoteiHis. OCHOBHa
NOro KinbKiCTb HaAXOAUTb B OpraHiam nTuui 3 KOPMOM
(npnuomy 6nmsbko 10% y HeopraHiyHii opmi) Ta €
BaXXNIMBUM BioreHHUm enemeHToM. [kepenom cynbda-
Ty cTaloTb 1 CynbdypymiCHI aMiHOKMCIOTK Y NPOLIECH iX
NnepeTBOPEHHS.

3 meToto 3abe3neyveHHs BGionorivyHoi noTpedu NTuui
B NOXWBHUX peyvoBUHaX, AediuuT CipKOBMICHUX aMiHO-
KMCIOT YacTKOBO MOXHa KOMMEHCYBATH LUMSAXOM A0-
[aTKOBOro BBeAEHHA cynbdarTis, 3okpema cynbdaTty
Na y kinbkocTi 0,3% [11]. Cynbdat HaTpito cnpusie nig-
BULLEHHIO BMICTY KOMMOHEHTIB CyNbdOHOBUX aMiHOMOo-
nicaxapvgis, WO MOXxe noninwysaTtn yHKLIOHYBaHHS
MYyKOigHOro 6ap’epa TpaBHOMO TPaKTy i CTUMYSOBATU
BCMOKTYBaHHS NOXUBHUX peyvoBuH kopmy [1, 3]. OTxe,
NepCcnekTMBHUMM € CUCTEMHI JOCTIIKEHHS IHTEHCUBHOC-
Ti MeTabonivyHMX NPOLECIB B OpraHiami NTULj 3a BBEAEHHS
Y paLioH eK30reHHNX eH3UMIB y KoMmriekci i3 Cynbdypom
y pisHMX hopmMax 3 METO0 MiABULLEHHS PO3LLENIIeHHs,
nepeTpaBneHHs | 3aCBOEHHST MOXXMBHUX PEYOBMH KOPMY
Ta BionorivHOI | Xap4oBOoI AKOCTI NPOAYKLil NTaxiBHULTBA.

MeToto pob0oTH € 3’aCyBaHHSA MOXITMBOCTi BBEOEH-
HS go pauioHis nTuui Cynbdypy came y chopmi akea-
uMTpaTty Ha 3aMiHy enemeHTa y oopMi HeopraHivyHoi
coni[7, 14, 15].
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Hocnig npoBeaeHo B ymoBax BiBapito IHCTUTYTY 6io-
norii TBapuH HAAH Ha MOnogHsiKy Kypen M’siCHOro Ha-
NpSMKY NpoayKTnuBHOCTI kpocy POCC-8, nounHatoum
3 10-go6oBoro Biky, 3 SKMX chopMyBanu YoTupu rpynm
(no 20 roniB y KoxHin). Kypuara, sikux BigibpaHo gns go-
cnigy, 6ynun akTMBHUMM, 3i LLBUAKOK peakuieto. MMip’aHni
NOKPUB — YNCTUI, TMAaZKNI | piBHOMiIpHUI. Crin3oBi
00O0MOHKM LificHi, 4OCTAaTHLO 3BONOXEHI, MPUPOAHOIO
Konbopy, 6e3 HabpsikiB. Di3ioNoriyHi MOKa3HWKM Macu
M Temneparypm Tina, 4acToTu ANXaHHS | cepuednTTss —
B Mexax pedepeHTHUX BenunumH. TobTo, BigibpaHi ans
gocrnigis kypyata-oponnepu 6ynum KniHiYHO 30,0pOBUMM,
Lo fgano niacraBy Hagani 06’eKTMBHO OUiHIOBaTH pe-
3ynbraTu, OTPMMaHi B eKCneprvMeHTax.

YTpuMaHHs KypyaT-6ponnepis y knitkax i ix rogisng
BignoBiganu TeXHoNorYHMM HopMaM. Ycsa NTuua oTpu-
MyBasna noBHopaLjioHHWI kombikopm (1K), 36anaHcoBa-
HUIA 33 MOXMBHMMM | GIONOrYHO aKTUBHUMU PEYOBUHA-
MM (BignoBigHO Jo cxemMu, NofdaHoi B Tadn. 1). Kypyatam
ycCix gocnigHux rpyn (nepLuoi, gpyroi i TpeTboi) 4o pa-
LioHy AofaBanu eH3uMHui npenapat Hatysum. [Mtuui

Ta6nuusa 1. Cxema gocnigy Ha KypyaTtax-6povinepax
Table 1. Scheme of the experiment on broiler chickens

I'pyna / Group Xapaktep xwuBneHHs / Type of food
KoHTponbHa MK+0,3 % Na,SO,

Control CF+0,3 % Na,SO,

LocnigHa 1 MK+0,3 % Na,SO,+Hary3nm

Experimental 1 CF+0,3 % Na,SO,+Natuzym

MK+unTpat Cynbdypy (25 % BiA KoHTponIo,
HocnigHa 2 B nepepaxyHky Ha Cynbdyp)+Haryaum
Experimental 2 CF+Sulfur citrate (25 % of the control,

in terms of sulfur)+*Natuzym

MK+unTpat Cynbdypy (10 % Big kKoHTponto,
OocnigHa 3 y nepepaxyHky Ha Cynbdyp)+Harysum
Experimental 3 CF+Sulfur citrate (10 % of the control,

in terms of sulfur)+Natuzym

Ta6nuus 2. Cknag eH3nMHoro npenapaty Hartyaum
Table 2. Composition of the enzyme preparation Natuzym

EH3uMm Lis AKTUBHICTb
Enzyme Action Activity
[MepeTBOPIOE KNITKOBUHY
Llentonosa 6 000 000 og./kr
Cellulose Ha rtoKosy a60 200 000 MO/kr

Converts fibre to glucose
Poswenntoe npoTeiHn

[MpoTteasa [10 amiHOKUcnoT 600 000 oa./kr

Protease Breaks down proteins abo 700 000 MO/kr
into amino acids

KcuHanasa llgponiaye kcunaH go keurony 10 000 000 oa./kr

Xinalase Hydrolyses xylan to xylene  a6o 500 000 MO/kr
PosLuenntoe kpoxmans

a-aminasa 00 NPOCTUX LyKpiB 400 00 oa./kr

a-amylase Breaks down starch abo 700 00 MO/kr

into simple sugars

[B-rntokoHa3a Poswienntoe rntokaHu 700 000 opa./kr

B-gluconase Breaks down glucans abo 200 00 MO/kr
ditasa EZ?;J:S?:gﬁ?{;ﬁg:u?”ans 600 000 oa./kr
Phytase abo 900 000 MO/kr

from phytates

bionozis meapuH, 2024, 1. 26, N4
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APYroi i TpeTboi AocniAHWX rpyn BBOAUNN B paLioH
akBauutpat Cynbdypy HAHOTEXHONOMNYHOTO MOXOMKEH-
Hs (Ha 3amiHy Cynbdypy y hopmi HeopraHidHoi coni
Na,SO,), sk HaMm Haganu ans OOCnimpKeHb CriBpobiT-
Hukn TOB «HaHomatepianu i HaHoTexHonorii» (M. KuiB),
BiANOBIAHO A0 NOOAHOT CXEMM.

KomnnekcHun depmeHTHUN npenapat Hatysnm
(Tabn. 2) ytBOpEHMI TpbOMa LUTamamu b6aktepin i rpu-
6iB (Trichoderma Longibrachiatum, Bacillus subtilis,
Aspergillus Niger), siki npogyKyHTb LWICTb EH3UMHUX
aKTUBHOCTEMN, LLO NigCUITIOKTbL OAMH O4HOTO.

Ynpogosx gocnigy cnocrepiranu 3a gisionoriyHnum
CTaHOM NTULj, 30epeXXeHIiCTIO NMOroniB’s i NPOAYKTMBHIC-
Tr0. Y KiHLi gocnigy npoBeaeHo 3abin ntuui 1 BigibpaHo
Ans gocnigpkeHb GionoriyHni matepian (B3ipui rpyaHoro
M’A3Y i NeYiHKn).

CTtartuctnyHy 06pobky ogepxaHnx LundpoBux aa-
HMX NPOBOAMIM 3a JOMNOMOrOH nNporpamu Statistica ons
Windows XP 3 BukopucTaHHsAM f-kpuTepito CTblogeH-
Ta [10]. Y koxxHOMY 3 foCcnifliB BU3Ha4anu CTyniHb Bipo-
rigHocCTi pisHuUi (P) M BignoBigH1Mu gocnigKyBaHUMM
MOKa3HUKaMM NTULLi KOHTPOIBbHUX rpyn Ta BigMnoBigHMU
OOCNipKYBaHUMM MOKa3HUKaMW NTULi OCHiAHMX rpyn.
Pesynbrati cepefHix 3HayeHb BBaXKanu CTaTtucTUYHO
BiporigHumm 3a P<0,05 (*), P<0,01 (**) Ta P<0,001 (***).

Pe3ynbratn 1 06roBopeHHs

Moka3HWKK NiaBULLIEHHS MPOAYKTUBHOCTI KypyaT-
OponrnepiB yNpoAoOBXK OCTaHHIX YOTUPLOX AECATUMITb
LLIOPOKY NokpallyBanucs. Taka TeHaeHLisd, UMOBIPHO,
NPOJOBXUTBECA 'Y ManbyTHBOMY, OCKINbKU NTaxiBHU-
uTBO Oyde BNpoOBagKyBaTU HOBI TEXHOMOTii B reHETU-
ui, cenekuii, 6iotexHonorii Ta Gionorii po3BUTKY NTUL,.
Y peanizauii reHeTM4YHOro noTeHuiany NTuLi cyvyacHux
KPOCIB i MiHiV Woao Ti 300poB’st N NPOAYKTUBHOCTI BaX-
NUBY ponb Bigirpae rogiens, 36anaHcoBaHa 3a Bcima
NOXMBHUMM Ta GIONOriYHO aKTUBHUMU PEYOBUHA-
mm [11, 13].

Mw npoBenu gocnigxeHHs, Wwob 3’sicyBatn edek-
TMBHICTb KOMMJIEKCHOIO BBEAEHHS B paLioH Kyp4aT-
Gponnepis MiHepanbHoi fobaskn Cynbdyp y dopmi
aKBauuTpaTy Ta eH3UMHOro npenaparty. 36epexeHicTb
noronis’a NTuLi B ycix rpynax ctaHosuna 100%. BoaHo-
yac, 3a nepiog gocnigy Hameuwi (Mamke Ha 2%) npu-
pocTV Macy Tina oTpuMaHo y NTUL TPETbOT JOCHiIAHOT
rpynu, To6To Tiel, skin BunotoBanu Cynbdyp B opraHiy-
Hi (bOpMi B KiNbKOCTI, LLO CTaHOBUNA (B NepepaxyHKy
Ha enemeHT) 10% Big 1Moro BMIiCTY y (hOpMi HEOpraHivHOI
coni B paLioHi KOHTPONbHOI rpynu (Tabn. 3).

Taki )X TeHOeHUii Bia3Ha4YeHo 1 Woao Macu Hanisna-
TPaHOI TYLLKM (BUINYYEHI KULLKIBHMK 3 KITOAKOH, SIEYHNK,
anuenposig). A came — y KypyaT JOCnigHUX rpyn Ui
nokasHuku Oynu suwmmn Ha 2,33%; 2,61% T1a 4,16%
(Tabn. 4). 3abiHu BMXi4 Y KOHTPOMbHIMA rpyni cTaHo-
BuB 84,31%, a B 4OCNigHNX — NepeBuLlyBaB Lien no-
Kas3HuK Ha 1,3%; 1,28% Ta 2,12% BianosigHo.
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Tabnuusa 3. Maca kyp4art, 4O pauioHy SIKMX yBeOEHO

E€H3UMHUIA Npenapar i pi3Hi popmu Cynbdypy, r (Mtm, n=10)
Table 3. Weight of chickens after introduction of enzyme preparation
and different forms of Sulfur into the diet, g (M+m, n=10)

Maca, r / Weight, g

rocTaHoBKa 3aBepLUeHHs
Ha gocnia pocnigy npupocTn
(10-pobosi (42-pobosi 3a nepiog
lpyna/Group  kypuara)/ Kypuara) / nocniay /
putting to the  completion of ~ growth over
test the experiment  the period of
(10-day-old (42-day-old  the experiment
chickens) chickens)
T T 184,4+6,31  2460,3:95,34 2275,9+24 11
Control
HocnigHa 1
Experimental 1 181,245,03  2479,5+98,98 2298,3+41,18
LSl 2 190,084,92  2487,0£97,22 2297,0+37,56
Experimental 2
Al 185,3+7,17  2499,9+104,13 2314,6£28,07

Experimental 3

BBaxaeTbC4, WO CTaH NeYviHkn € A3epKasioM CTaHy
opraHiamy, afpke neviHka BUKOHYE Pi3HOMaHITHI dyHK-
uii. 3okpema Bigirpae 3Ha4yHy porib sIK «3ano3a Tpas-
NeHHsA» — MpoAyKye xoB4, bepe yyacTb y BYrneBog-
HOMY OBMiHi 1 perynsuii piBHS LyKpy B KPOBI; BUCTYNae
«4eno» Ansi BigknagaHHs Xupy — 3anacHoro gxepe-
na eHeprii; 6epe yyacTb B iMyHOreHesi, npouecax 3ci-
OaHHA KpoBi [6]. [y>xe BaXNIMBOK € Ae3iHTOKCHMKaLinHa
dyHKLUiS opraHa, 3a aKy BignosigarnbHi KMNiITUHU NeviH-
KM — renatouuTy i 3ipyacTi KnituHu (Makpodparm) [4].
30inbLUeHHs po3MipiB NEYiHKN MOXe CBiQ4YMTK NPO Ha-
ABHICTb YMHHUKIB, i IKMX HEraTMBHO BIIMBAE Ha BECb
opraHiam.

Y KypyaT-6ponnepis KOHTPOMbHOI Ta BCiX JOCNIOHMX
rpyn neviHka Gyna posTtalloBaHa y OinsHui Big Apyroro
MO LLIOCTMI MibXpebepHUii NPOMDKOK, MpaBa i niBa YacTku
NeYiHK1 OHaKoBi 3a po3mipom. Pesynerat obuncnex-
Hs1 iHOEKCY MacK neviHku 6ponnepis (CNiBBIAHOLLEHHS
Macwu NediHkM 0o Macu Tina, BUpaXKeHe y BiACOTKax)
nogaHo B Tabn. 4.

BapTo 3a3HaunTy, LLO B KypyaT KOHTPOSBHOI rpynu
MOKa3HWUK iHOEKCY Macu NeYiHK1 HabnumkeHnn o Bepx-
HbOI MeXi pehepeHTHUX BENNYMH. HaToMiCTb Nokas-
HUKW KypyaT gocnigHux rpyn 6ynu Hkdmmm. OcKinbkm
iIHOEKC MeYiHK1 NOB’A3aHWI 3 NIABULLIEHNMW eHepreTny-
HUMW BUTpaTamMu, TOOTO Moro 36inbLUEHHS MOXe CBia-
YUTU NPO KPUTUYHI HABAHTAXKEHHS HA LIEN OpraH, a OTxe
1 Ha opraHi3am 3aranom, To OTpUMaHi pesynsratim Mo-
XyTb CBiAYMTY NPO ePEKTUBHICTb BBEAEHHS EH3VIMHOIO
KOMMIeKcy B paujioH nTuui. BogHovac y kypyat-6povine-
piB Apyroi Ta TPeTboi JOCHIAHWX TPyn iHAEKC Macy ne-
YiHKM BYB HWXYMM, NOPIBHAHO 3 KOHTponem, Ha 0,25%
Ta 0,22%. MoxnuBo, Le € Hacnigkom aii came umTparo-
BaHoi chopmun Cynbdypy Ha opraHiam ntuui. Ha gymky
GaraTbox y4eHux, MiHeparbHi enemMeHTH y hopMi HaHO-
PO3MIpPHMX YaCTOYOK NPOABNATE CTUMYITOBANBHUIA
BNIIMB Ha MeTabONiYHi NpoLiecK B opraHiami NTuui Bupa-
XKeHille, HiX ixHi Bigomi MonekynspHi coopmum [2, 5, 18].
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Tabnuus 4. lNoka3Huk1 Macy Tina Ta neviHku Kkypyart-6poninepis, r
Table 4. Indicators of body weight and liver of broiler chickens, g

I'pynu kypyaTt-6ponnepis / Groups of broiler chicks

MokasHuky /Indication KoHTponbHa HocnigHa 1 [NocnigHa 2 HocnigHa 3
Control Experimental 1 Experimental 2 Experimental 3
Xuea maca, r/ Live weight, g 2460,3+95,3 2479,5+98,98 2487,0+97,22 2499,9+104,13
Maca HaniBnatpaHoi TyLuku, r/ Weight of semi-gutted carcass, g 2074,27+73,3 2122,69+82,4 2128,37+91,6 2160,66+88,6
3abinHui Buxig / Slaughter yield, %. 84,31 85,61 85,58 86,43
Maca neuiHkum, r/ Liver weight, g 58,81+£1,14 56,27+0,23 53,32+0,44 54,37+0,64
IHaekc macwu nediHku / Liver weight index, % 2,39 2,26 2,14 2,17

Tabnuusa 5. XimidHui cknag rpygHoro M’sisa Kypyar-opovinepis, 40 pauioHiB SIKMX BBOAUIN
E€H3UMHUIA Npenapar i pi3Hi popmu Cynbdypy, % (Mtm, n=5)

Table 5. Chemical composition of the pectoral muscle of broiler chickens after the introduction
of an enzyme preparation and different forms of Sulfur into diets, % (M+m, n=5)

I'pyna ntuui / Groups of poultry

MokasHuk / Indication KoHTponbHa Hocnigna 1 JocnigHa 2 HocnigHa 3
Control Experimental 1 Experimental 2 Experimental 3
Cyxa peyosuHa / Dry matter 26,5+0,37 26,1+0,22 26,9+0,44 27,5+0,48
MpoteiH / Protein 20,1+0,09 19,6+0,32 20,3+0,18 20,9+0,14
Xup / Fat 4,32+0,01 4,98+0,13** 5,12+0,03*** 4,87+0,08**
nikoreH / Glycogen 1,240,07 1,1£0,09 1,31£0,04 1,3+0,03
3ona / Ash 1,7£0,07 1,7+0,06 1,6+0,05 1,7£0,07

Tabnuus 6. BmicT 3aranbHux ninigiB Ta CNiBBiAHOLLIEHHS X OKPEMUX KNaciB y TKaHUMHaX MediHkv KypyaTt-6ponnepis, % (M+m, n=5)
Table 6. The content of total lipids and the ratio of their individual classes in liver tissues of broiler chickens, % (M+m, n=5)

I'pyna ntuui / Groups of poultry

MokasHuk / Indication KoHTponbHa HocnigHa 1 JocnigHa 2 NocnigHa 3
Control Experimental 1 Experimental 2 Experimental 3
BaranbHi ninign / Total lipids 8,40+0,21 9,13+0,18 9,06+0,13 8,68+0,19
Knacwu ninigis / Lipid classes:
docdponinign / phospholipids 30,48+1,05 31,29+1,78 30,32+1,92 29,42+1,65
MOHo- i Anauunrniueponu / mono and diacylglycerols 9,16+0,29 8,74+0,25 9,57+0,37 8,58+0,20
BiNbHWI xonectepon / free cholesterol 7,65+0,24 7,68+0,41 9,27+0,18* 8,02+0,25
BiNbHi XuUpHi kncnotu / free fatty acids 15,74+0,10 16,54+0,15 16,42+0,21 14,10+0,09*
Tprauunrniueponu / triacylglycerols 19,05+0,17 19,51+0,21 20,47+0,30* 19,85+0,11*
eTepudikoBaHuin xonectepon / esterified cholesterol 15,84+0,22 14,97+0,17 16,16+0,19 16,54+0,26*

Tabnuua 7. BmicT 3aranbHuX ninigis Ta cniBBiAHOLLEHHS iX OKpeMMX Knacie y rpyaHux M’a3ax kypyar-6ponnepis, % (M+m, n=5)
Table7. The content of total lipids and the ratio of their individual classes in the pectoral muscles of broiler chickens, % (Mtm, n=5)

I'pyna / Group
MokasHuk / Indication KoHTponbHa Hocnigra 1 Nocnigra 2 Hocnigra 3
Control Experimental 1 Experimental 2 Experimental 3
BaranbHi ninign/ Total lipids 4,32+0,01 4,98+0,03** 5,12+0,0 *** 4,87+0,02**
Knacwu ninigis / Lipid classes:
docdoniniamn / phospholipids 33,84+0,89 34,14+1,33 34,42+1,75 35,23+1,50
MOHO- i anauunrniueponu / mono and diacylglycerols 14,37+0,40 12,29+0,11* 12,09+0,18* 11,61+0,26*
BiNbHWUI xonectepon / free cholesterol 6,56+0,09 5,13+0,05* 5,93+0,04 5,43%0,04
BiNnbHi >XupHi kucnotu / free fatty acids 7,85+0,08 8,25+0,04 6,22+0,08* 5,31+0,05**
Tpuaumnriiueponu / triacylglycerols 28,72+0,11 35,18+0,14 35,02+0,19 36,05+0,12**
etepudpikoBaHui xonectepon / esterified cholesterol 8,25+0,02 5,01+0,01** 5,84+0,01** 6,37+0,02*
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LLlogo ximivHOro cknagy mM’'sica Kypyat-6ponnepis go-
CIigHWX rpyn, TO BCTAHOBIEHO (Tabn. 5), Wwo BMIiCT cyxoi
pPeYOoBUHU, NPOTEIHY i MIKOreHy B TKaHWHaX rpygHoro
M'si3a ByB Ha piBHi MOKA3HUKIB MTULi KOHTPOSbHOI rpynu.
Toai sik BMICT 3aranbHuX ninigis, NOPIBHAHO 3 KOHTPOMEM,
OyB BULLMM Y M’sI3aX KypyarT Opyroi i TpeTboi AOCHigHMX
rpyn (P<0,5-0,001).

He BusaBneHo (Tabn. 6) BiporigHMX 3MiH KinbKOCTi 3a-
ranbHWX ninigis, docdoniniais, MoHo- i Anauunrniuepo-
niB y neviHui KypyaT-6ponnepis gocnigHuX rpyn, nopis-
HSIHO 3 aHanoriYHMMM NokKasHnkamu KoHTponto. Logo
piBHA TpMauMnriiueponis, TO BiH 3pocTaB y neviHui
KypyaT Apyroi i TpeTbol 4OCNiAHMX rpyn BignoBiAHO Ha
1,42% Ta 0,8% (P<0,05). YmicT BinbHOro xonecrepony
JeLo nigsuvLLyBaBcs nuLie B nNeviHui NTuui gpyrol go-
cnigHoi rpynu (P<0,05), a eTepucikoBaHoOro xonecre-
pony — TpeTboi gocnigHoi rpynu (P<0,05).

XonecTtepon — ctabinidyBanbHa cknagosa biono-
riYHMX MmembpaH i BUxigHWin matepian onsg cCuHTesy cre-
pOigHMX ropMoHiB. BiH € HanBaXnMBILLMM MPEKypPcopoM
XOBYHUX KMCMOT. ETepudikoBaHMin xonectepon Takox
HEMNOoNAPHWNA, rigpodoOHNI | BUKOHYE POSib PE3EPBHOI YN
TpaHcnopTHOT hopmu xonectepuHy. O4eBnaHo, oTpuma-
Hi B gocnigi 3MiHX 3yMOBIEHi TUM, LLIO NEYiHKa BBaXKaeETb-
CS1 CBOEPIAHNM «(POHOOM» XONECTEPUHY | CY>XUTb OAHO-
YaCHO SIK OCHOBHUM KEPErioM, TaK i FONIOBHVUM LIEHTPOM
po3noginy XxonectepuHy B OpraHiami, Moxe BUKOPUCTO-
BYBaTUCS ANS CUHTE3Y XXOBYHMX KUCIIOT, BKITHOYATUCA
B MeMOpaHu renatoLuTiB, CEKPETYBATUCA B XKOBY, a Aani
B KULLIKIBHUK, MOTPANSiTU B KPOB Y CKragj NinonpoTeiHiB
i nrepeHocuTUCA Ao nosanediHkoBux opraise [19].

BcraHoBMeHO, Lo 3a KOMMIIEKCHOTO BNAMBY LUTpaTy
Cynbdypy B pi3HMX KOHLEHTpaLisiX Ta EH3UMHOrO npe-
napaty B M’'A3ax BinbLIOCTi TBAPUH 36iMbLUYETECH BMICT
ninigis. 3okpema, y NigcyMKy NpoBeAeHNX OOCTIIKEHb
BMSIBNEHO HE3HAYHe, ane BiporiaHe 36inbLUeHHSs PiBHS
3aranbHUX NiNigiB y TKAHUHAX rPYAHUX M'A3IB Kyp4aT YCix
pocnigHux rpyn B 1,15; 1,18 1a 1,13 pasa (P<0,01-0,01)
BignoeigHo (Tabn. 7), nopiBHSAHO 3 KOHTponem. [MNpu-
YMHOK UUX Pi3HULL MOXe ByTu iHTeHcudikauis obmi-
HY PEYOBWH B OpraHi3mi kKypyaTt-6ponnepis.

Pesynbratu BUsHayeHHs okpeMux Knacis ninigis no-
Kasanu, Wo gonasaHHs untpaty Cynbdypy K B KinlbKOC-
Ti, eKBiBaneHTHin 25% Big KOHTPOIIO, B NEpepaxyHKy Ha
Cynbtbyp (gpyra gocrnigHa rpyna), Tak i 10% (TpeTs go-
crigHa rpyna), Manu NoMiTHUIA BNMB Ha CriBBIgHOLLEHHST
okpemux knacie ninigis (tabn. 7). Tak, y rpyaHMx M’a3ax
Kyp4aT-6ponnepis ycix JOCNigHMX FPyn BUSIBIIEHO MEH-
LLMIA BMICT MOHO- i AMaLMNMiLeponis Ta BiflbHUX XUPHUX
kncnot (P<0,01) i 6inblwimiA BMICT Tpraumnriiueponis
(P<0,01). Ui gani ceig4atb Npo NOCUNEHHS CUHTE3Y TpU-
auunrmiuepornie i NigABULLEHHS IX AeNOHYBaHHS Y rpya-
HUX M’'si3ax KypdaT-Oponnepie 3a yMOBW 3aCTOCYBaHHS
umuTparTiB y iXHbOMY pauioHi. [MiaTBEpmIKEHHSAM LbOIO €
obepHeHa 3anexHiCTb MK BMICTOM Tpuaumnriilepornie,
X MonepegHuKiB MOHO- | AnauMnrniLeporniB Ta BiNlbHUX
XKMPHUX KUCAOT Y rPYAHUX M'si3aX KypyaT Apyroi | TpeTbol
AocnigHnx rpyn, kMM 3rogoByBanm kombikopm 3 goga-
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BaHHAM LMTPaTy 1 eH3umHoro npenapary. [Nopsaa i3 uum
BiOOMO, LU0 XXMPHOKUCIIOTHWUIA CKag, Tpyauuniueponis
3HAYHOKO MIpOHO 3aneXuTb Bif, XKMPHOKUCNOTHOTO CKaay
KopMy. 3aranom, came TpuaumnrniLeponu € ineansHimM
cybcTpaTom ans genoHyBaHHSA eHeprii [19].

LlikaBumu € oTpumaHi pesynstati npo Te, Wo Ha
npoTuBary AMHamiku aHanoriYyHUX NOKasHUKIB y NeviHLj
(Tabn. 6), ogaBaHHA 4O KOpMY KypyaTt-6pownnepis
[ocCnigHMX rpyn BKasaHWX BuLe o06aBOK CNpuUsino ge-
SAKOMY 3HWXXEHHIO BiJHOCHOMO BMICTY BiflbHOro 1 eTepu-
dhikoBaHOro xonecTeporny B rpyaHNX M’a3ax JOCHiAHUX
rpyn (P<0,01-0,05), NOpiBHAHO 3 KOHTPOMEM.

OTOX MOXEMO 3pOOUTM BUCHOBOK, LLO Aist UMTparis
Cynbbypy B KOMMNEKCi 3 eH3MHUM npenapaTtom Hary-
31M Ha BMICT MinigiB y rpyaHnx M’a3ax Kkypyar-6povinepis,
SIKLLO X JofdaBaTt 40 KOMBIKOPMY, NO3UTUBHO BMMBaE
Ha Xap4oBy LiHHICTb M’'sica BHACiAOK 3MEHLLEHHS! B HbO-
My KinbkocTi xonectepony. OgepxaHi pesynsrati Takox
cBig4aTb MPO PerynsaTopHWn Bnnve umtpartis Cynbdypy
Ha CMHTE3 TpMaLMNMILEeponiB i XonecTeporty B rpyaHMX
M’si3ax KypyaT-6ponnepis.

[loBeeHo AouUinbHICTb 3aMiHKU B palioHax NTuui
M’SICHOTO HanpPsAMKY NPOAYKTUBHOCTI MiHeparnbHOI o-
6aBku Cynbdyp y copmi HeopraHiyHoi coni (Na,SOy)
LUMTpaTOM enemMeHTa HaHOTEXHOMOMYHOIO MOXOMKEHHS B
KirnbkoCTi, Wwo ctaHoBuTb 10% Big BMICTY enleMeHTa B He-
opraHivHin oopMi Ta 406aBKM KOMMNNEKCHOTO EH3MMHOIO
npenapaty Hatysum. Tak 3a6e3nevyeTbcsi NigBULLEHHST
NPOAYKTMBHOCTI NTUL (Maca Tina 3pocTae Ha 1,7%; maca
niBnarpaHoi TyLkn — Ha 4,16%; 3abiviHnii BUxig — Ha
2,12%), axocTi oTpumaHoi npoayKLii (y rpyaHux m’sisax
BIPOriAHO 3HMXYETLCA BMICT eTepudikoBaHOro Ta Bifb-
Horo xonectepony (P<0,01) i BiNbHUX XXWUPHUX KUCINOT
(P<0,05), BOOHOYAC cnocCTepiraeTbCa 3pOCTaHHSA Kiflb-
KocTi Tpmaumnmiueponis (P<0,01)).

EdekTMBHICTb 4OOATKOBOrO BBEAEHHA A0 paLlioHy
Kyp4daT-6porinepie Cynbdypy 3anexuTb Big dopmu
Ta KiNbKOCTi enemMeHTa.
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Influence of exogenous enzymes and different forms of Sulfur in the diets of broiler chickens
on productivity and quality of poultry products

A. V. Hunchak, O. M. Stefanyshyn, Y. M. Sirko, B. Ya. Kyryliv, I. B. Ratych
a_hunchak@ukr.net

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

Biologically active feeding factors that positively influence the digestibility and absorption of nutrients from feed include enzyme
preparations. These preparations are multi-enzyme and are characterized by their specific focus on improving the digestion of pro-
teins, fiber, beta-glucans, arabinoxylans, and others. However, their effective use in the diets of certain species of poultry, of specific
ages and productivity types, requires further research. At the same time, to meet the biological needs of poultry for nutrients, the
deficiency of sulfur-containing amino acids can be partially compensated by the additional inclusion of sulfates, which contributes to
an increase in components of sulfonated amino-polysaccharides, potentially improving the functioning of the mucosal barrier of the
digestive tract and stimulating the absorption of feed nutrients. Therefore, systemic studies on the intensity of metabolic processes
in the bodies of poultry when introducing exogenous enzymes in combination with sulfur in various forms are promising, aimed at
enhancing the breakdown, digestion, and absorption of feed nutrients, as well as improving the biological and nutritional quality of
poultry products. The study was conducted in the vivarium of the Institute of Animal Biology NAAS on young meat-type chickens of the
ROSS-8 cross, starting from 10 days of age, divided into four groups (20 birds each). The broiler chicks were kept in cages and fed
according to technological requirements. All poultry received a complete compound feed. The chicks in the control group consumed
compound feed with an additional 0.3% sodium sulfate. The first experimental group had 0.3% sodium sulfate + Natuzym added to
their diet; the second experimental group received sulfur citrate (25% of the control, calculated as sulfur) + Natuzym; and the third
experimental group received sulfur citrate (10% of the control, calculated as sulfur) + Natuzym. It was shown that the effectiveness of
the additional inclusion of sulfur in the diets of broiler chicks depends on the form and amount of the element. The appropriateness
of replacing the mineral sulfur additive in the diets of meat-type poultry with sulfur in the form of an inorganic salt (Na,SO,) with sulfur
citrate of nanotechnological origin in an amount constituting 10% of the content of the element in its inorganic form, along with the
complex enzyme preparation Natuzym, was proven. This leads to increased poultry productivity (body weight increased by 1.7%;
weight of the slaughtered carcass increased by 4.16%; slaughter yield increased by 2.12%) and improved quality of the obtained
products (the content of both esterified and free cholesterol in breast muscles significantly decreased (P<0.01) as well as free fatty
acids (P<0.05), while the quantity of triglycerides increased (P<0.01).

Key words: Sulfur, enzyme additive, broiler chicks, productivity
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The article deals with study of the effect of the synbiotic drug
“Enteronormin” in a complex with the trace elements iodine and
selenium on the indicators of lipid peroxidation and the activity
of antioxidant protection system in the body of calves and to the
comparison of its action with the antibiotic “Zeleris”. In the last
decade, the study of the role of various essential trace elements
in various aspects of the regulation of metabolic homeostasis
and the state of the immune potential of young cattle remains
relevant. In this concern, it is important to emphasize the role of
iodine and selenium, as well, as biologically active compounds
of new products, among which synbiotic drugs are becoming
widespread. In view of this, the development of new effective
immunotropic drugs, their comparative study with existing drugs
and traditional antimicrobial drugs, such as antibiotics, is actual.
Therefore, the purpose of the research, the results of which are
presented in this article, was to conduct a comparative study of
the effect of the antibiotic “Zeleris” and the complex use of the
synbiotic drug “Enteronormin” together with iodine and selenium
on the indicators characterizing the activity of lipid peroxidation
processes and the level of antioxidant protection system in the
body of young calves. As a result of the research, it was found
that feeding calves the drug “Enteronormin” in combination with
selenium and iodine leads to an increase in the activity of the en-
zyme glutathione peroxidase and the level of reduced glutathione
in the erythrocytes of calves, which is noted at 50- and 60-day
age. Such changes, in turn, logically lead to a decrease in the
number of lipid peroxidation products in their body. In contrast,
we did not detect similar effects from the use of the antibiotic
“Zeleris” during the study. Thus, it is concluded that feeding calves
with the drug “Enteronormin” together with iodine and selenium
leads to an increase in the activity of the key enzyme of the anti-
oxidant defense system — glutathione peroxidase and the level
of reduced glutathione in the erythrocytes of the blood of calves.
These changes, in turn, lead to a decrease in the number of lopid
peroxidation products in their body. However, similar effects from
the use of the antibiotic “Zeleris” were not detected. The data ob-
tained may indicate a positive effect of the drug “Enteronormin” in
combination with iodine and selenium on the activity of the anti-
oxidant defense system in the body of calves.

Key words: calves, glutathione peroxidase, reduced gluta-
thione, TBA-active products, hydroperoxides, iodine, selenium
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Introduction

An important problem in the Western region of
Ukraine remains the insufficient intake of dietary ele-
ments such as iodine and selenium into the human and
animal body. Deficiency of trace elements in the animal
body leads to the development of microelement dis-
eases, which are endemic diseases, which, in turn, is
associated with the insufficient content of active forms
of trace elements in soils, water sources and plants [1,
2, 8, 9]. In order to ensure the proper level of iodine in-
take into the human and animal body, a large number
of methods have been developed for enriching human
food and animal feed with this trace element. Howev-
er, the vast majority of these methods are based on
the use of inorganic iodine compounds, which is not
effective in terms of their absorption by the body, and
the compounds themselves are unstable and have time
to decompose to a large extent before they enter the
body. Another problem is the balance of such drugs and
supplements with the another important element, such
as selenium, which significantly affects the absorption of
lodine in the body [13].

In this aspect, it is relevant to conduct research to
determine the role of iodine and selenium and other
trace elements and biologically active compounds in the
form of new drugs and feed additives in the regulation
of metabolism and the state of the immune potential
of the body of farm animals, in particular young cattle.
The experiments that we conducted in previous years
confirmed the powerful modulating effect of selenium
compounds on the functional potential of immunocom-
petent cells, as well as the associated activity of the anti-
oxidant defense system of the body as a whole. In addi-
tion, it should be noted that the effect of selenium on im-
mune function is primarily associated with its antioxidant
properties [6, 9, 10]. lodine is no less important in this
regard, which prevents metabolic disorders in tissues
and supports the body’s protective reactions, acceler-
ates the formation of new immunocompetent cells [3].
The class of so-called synbiotic drugs deserves special
attention [7]. In our case, the basis of such a synbiotic
preparation is a complex, which includes probiotics, in
particular, lactic acid bacteria Lactobacillus spp. and En-
terococcus spp., spore-forming bacteria Bacillus subtilis
and prebiotics — water-soluble chitosan and microbio-
logical chitons. It must be noted that such preparations
are used in a wide range of domestic animals, including
pond fish and bees. At the same time, it is extremely
important to clarify the role of the components of the
preparation in the regulation of immune function in an-
imals. In view of this, the development of new effective
immunotropic agents, their comparative study with ex-
isting methods for restoring the body’s immune potential
and traditional antimicrobial drugs, such as antibiotics,
and a comprehensive study of their effect on the animal
body are relevant. The above undoubtedly justifies the
importance and relevance of studying another aspect
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of such an impact, namely, the study of the effects of
a synbiotic preparation containing trace elements on
the activity of the antioxidant defense system in the
body of young cattle.

Thus we conducted a comparative study of the dy-
namics of the effect of the antibiotic “Zeleris” and the
complex use of the synbiotic drug “Enteronormin” to-
gether with the trace elements iodine and selenium on
indicators characterizing the activity of lipid peroxida-
tion processes and the level of antioxidant protection
in the body of young calves.

Materials and Methods

The study was conducted in a private farm (TF
Dmytriv LLC “Barkom”) on calves of the black-and-white
dairy breed of 10-day age. It was formed three groups
of calves-analogues weighing 40-50 kg: a control and
two experimental groups of 15 animals each. Feeding
and keeping of animals of the control and experimen-
tal groups met the existing requirements. Animals of
the control group at the age of 10 days were injected
intramuscularly with a 0.9% sodium chloride solution
at a dose of 5 ml/animal. Calves of the first experi-
mental group during the specified period were injected
once with the antibacterial drug “Zeleris” at a dose of
1 ml/10 kg of body weight. The calves of the second
experimental group were given the drug “Enteronormin”
in the amount of 1 g/10 kg of body weight per day ac-
cording to the following scheme: the first time the stud-
ied remedy was given with water at 10-day age, for six
consecutive days, the next time the drug was given at
24-day age for two days. Before use, to activate the syn-
biotic drug, the required amount of “Enteronormin” was
dissolved in the solution “lodis concentrate + Se” (water
containing biologically active iodine ions and selenium
citrate) in a ratio of 1 to 5 and was exposed for 16 hours
at room temperature. At the same time, calves of this
group, starting from 10- to 65-day age, were given an
aqueous solution of lodine and Selenium, using the
drug “lodis-concentrate + Se” as a source of trace ele-
ments, at a dose of 25 mg I/1 t of water. At 10, 25, 50,
and 60 days of age, blood was taken from the jugular
vein from each group of calves before morning feeding
for biochemical studies.

In blood plasma, the content of lipid hydroperox-
ides was determined in the reaction with ammonium
thiocyanate after precipitation of proteins with a solu-
tion of trichloroacetic acid and extraction of lipids with
ethanol. The content of TBA-active products in blood
plasma was determined in the reaction of malondial-
dehyde with thiobarbituric acid. In blood erythrocytes,
the activity of glutathione peroxidase was determined
by the rate of glutathione oxidation in the presence of
tert-butyl hydroperoxide. The level of reduced glutathi-
one (GSH) was determined by the level of formation
of thionitrophenyl anion as a result of the interaction
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of SH-groups of glutathione with 5,5'-Dithiobis-2-nitro-
benzoic acid. All of the above mentioned methods are
described in the proper sections of the “Handbook of
Laboratory Research Methods” [12]. The obtained digi-
tal results were processed by the method of variational
statistics using the Student’s criterion with the Micro-
soft Excel program.

Results and Discussion

As can be seen from the data presented in tables 1
and 2, we found significant changes in glutathione per-
oxidase activity, reduced glutathione content, and lipid
peroxidation products under the action of the studied
drugs.

In particular, as can be seen from the data pre-
sented in table 1, the decrease in the content of
TBA-active products and lipid hydroperoxides in the
blood of 50-day age calves of the second experimen-
tal group, which received the synbiotic preparation
“Enteronomin” and the trace element complex of io-
dine and selenium, was observed. Thus, the content
of TBA-active products in the blood of calves of the
experimental group was 1.35 times lower, the content
of lipid hydroperoxides, respectively, was 1.5 times
lower, compared with calves of the control group
(P<0.001). At the same time, it was found that the use
of the antibiotic “Zeleris” in 50-day-old calves led to
a certain increase in the level of peroxidation products

Table 1. Content of TBA-active products and lipid hydroperoxides
in the blood plasma of calves (Mtm, n=5)

Indicators
Animal groups  TBA-active products, Lipid hydroperoxides,

nmol/ml U/ml

10-day-old calves

Control 3.79+0.25 0.32+0.013

Experiment 1 3.80+0.21 0.30£0,017

Experiment 2 3.60+0.14 0.31£0.014
25-day-old calves

Control 3.87+0.20 0.32+0.023

Experiment 1 3.83+0.15 0.31£0.012

Experiment 2 3.72+0.13 0.33+£0.015
50-day-old calves

Control 4.2+0.05 0.33+0.013

Experiment 1 5.3£0.10*** 0.47+0.012***

Experiment 2 3.01+£0.07*** 0.21+0.007***

60-day-old calves

Control 4.0+0.05 0.30+0.010
Experiment 1 3,9+0.06 0.33+0.015
Experiment 2 3.1£0.08*** 0.27+0.005*

in their blood. In particular, the content of TBA-active
products in the blood of 50-day-old calves of the first
experimental group was 1.26 times higher, the content
of lipid hydroperoxides was 1.42 times higher than in
calves of the control group (P<0.001). It is known that
antibiotics have a certain toxic effect on the body of
animals in which they are used, which is also accom-
panied by a pronounced prooxidant effect [4]. During
the next 10 days of the experiment, this negative ef-
fect of the antibiotic was leveled. The explanation of
such changes requires further research, but it can be
assumed that this may be associated with the inten-
sive postnatal development of the organism, which is
accompanied by the active formation of the protective
adaptive systems of the organism during this period.
A similar picture of a decrease in the content of lip-
id peroxidation products under the influence of a syn-
biotic preparation in a complex with trace elements
was observed in calves of 60-day age, however, these
changes were expressed to a somewhat lesser extent
(P=<0.05). These data indicate that the use of a syn-
biotic preparation in a complex with microelements
leads to a decrease in lipid peroxidation products in
the blood of calves during the studied period. The fol-
lowing results allow us to reveal the reason for such
a decrease in the intensity of the formation of per-
oxidation products. Unlike animals that were treated
with the drug “Enteronormin”, the use of the antibiotic
“Zeleris” led to a certain increase in lipid peroxidation
processes, in particular in 50-day-old calves.

Table 2. Glutathione peroxidase activity and the level of reduced
glutathione in erythrocytes of calves (Mtm, n=5)

Indicators

Glutathione

Animal groups -
peroxidase, mmol

Reduced glutathione,

GSH/min. mg protein el
10-day-old calves
Control 30.45+0.22 0.4610.02
Experiment 1 29.00+0.54 0.50+0.03
Experiment 2 32.00+0.20 0,53+0.02
25-day-old calves
Control 30.61+0,20 0.49+0.005
Experiment 1 28.5310,92 0.54+0.3
Experiment 2 30.2340,29 0.58+0.03*
50-day-old calves
Control 30.72+0.34 0.47+0.01
Experiment 1 29.41+0.61 0.42+0.02

44.24+2 22**
60-day-old calves

Experiment 2 0.7940.02***

Control 31.65+0.38 0.60+0.08
Experiment 1 30.66+0.38 0.52+0.01
Experiment 2 37.26+0.88*** 0.73£0.02

Note. * — P<0.05 the statistically significant differences in animals of this experimental group compared to animals of the control group; ** —

P<0.01 the same; *** — P<0.001 the same

The Animal Biology, 2024, vol. 26, no. 4

57



Mpokonenko O O. CmongaHiHos K. b, Biwyp O. |. TaiH.  Briave npenapatis «EHTEpOHOPMIH» Ta «3enepic» Ha aHTUOKCUAAHTHUIN NOTEHLLian Yy TenaT

From the data presented in table 2, it can be seen
that the activity of the enzyme glutathione peroxidase
in the blood erythrocytes of calves of the second ex-
perimental group, which received “Enteronormin” with
trace elements at 50-day age, was 1.44 times higher,
and the level of reduced glutathione in blood plasma
was 1.68 times higher (P<0.001) than these indicators
in the blood of calves of the control group.

At the next stage of the experiment, namely in
calves of 60-day age, only a slight increase (P<0.001)
in the activity of glutathione peroxidase was observed
in the second experimental group, which received the
synbiotic preparation together with trace elements.
It is noteworthy that the use of the antibiotic did not
affect the activity of glutathione peroxidase at all stag-
es of the study. We also noted a slight increase in
the content of reduced glutathione in calves of 25-day
age, which received the synbiotic preparation togeth-
er with trace elements (P<0.05). These data may to
some extent indicate the positive effect of the drug
“Enteronormin” together with iodine and selenium on
the content of glutathione, which plays a certain role
in the antioxidant defense system. In our opinion, the
main antioxidant effect of the studied drug is primarily
associated with the content of the trace element sele-
nium in its composition, which is part of the active
center of glutathione peroxidase, the key enzyme of the
glutathione link of the antioxidant system [5]. Our study
demonstrates a more pronounced positive effect on the
balance of pro- and antioxidant processes when using
the synbiotic drug in a complex with the trace elements
iodine and selenium, compared to the effect of the
antibiotic “Zeleris”.

Summing up the obtained results, we can con-
clude that feeding calves the drug “Enteronormin”
in combination with selenium and iodine leads to an
increase in the activity of the key enzyme of the anti-
oxidant defense system — glutathione peroxidase
and the content of reduced glutathione in the erythro-
cytes of calves. Such changes, in turn, logically lead
to a decrease in the number of LPO products in their
body. In contrast, similar effects from the use of the
antibiotic “Zeleris” were not detected during our study.

In connection with the results obtained, it would
be advisable to establish the influence of individual
components of the drug on the activity of antioxidant
defense processes in the body of calves in further
studies, namely to determine the role of individual mi-
croelements and the synbiotic component of the feed
additive. A comprehensive study of the state of the
antioxidant and immune systems of the body under
these conditions is also considered promising.
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Bnnus npenapatiB «EHTepoHOpMiH» Ta «3enepic» Ha aHTUOKCMAAHTHUIN NOTEHLian
OpraHiamy Tensit paHHbLOro BiKy

O O. lNpokoneHko, K. b. CmonsHiHos, O. I. Biwyp, 4. I. Mydpak, H. A. Bpoda, M. b. Mactok, O. O. CmonsiHiHosa, A. B. BonmopHicmuti
smolianinow@ukr.net

IHcTuTyT Gionorii TBapuH HAAH, Byn. B. Ctyca, 38, m. JlbBiB, 79034, YkpaiHa

CTaTTs NpUCBsiveHa BMBYEHHIO BMNBY CUHBIOTUYHOMO NpenapaTy «EHTepoHOpMIH» y Komnnekci 3 MikpoenemeHTammn Mogom i Ce-
JIEHOM Ha MOKa3HUKN NEPEKNCHOIO OKUCHEHHS MiNifiB Ta aKTUBHICTb aHTUOKCUAAHTHOIO 3aXUCTY B OpPraHiaMi TENST Ta NOPIBHSIHHIO Oro
aii 3 aHTMbioTMkoM «3enepicy». B ocTaHHE AecaTUpivYS 3anvLLaeTbCs akTyanbHUM JOCHiMKEHHS Poni Pi3HNX ecceHLianbHMX Mikpoene-
MeHTiB, 3okpema Moy | CeneHy, a Takox 6ionoriYHO-aKTUBHNX CMIOMYK y CKMagi HOBIX 3aco6iB, LUMPOKOIO PO3MOBCIOMKEHHS ceper] AKX
HabyBatoTb CMHBIOTUYHI NpenapaTy, y pi3HKX acnekTax perynsuii MetaboniyHoro romeocTaay Ta CTaHy iMyHHOro noTeHLiany MornogHsika
BEMUKOI poraToi xyaobu. 3 ornsay Ha ue, akTyanbHUMKU € po3pobka HOBMX e(PeKTMBHMX iIMyHOTPOMHUX Npenaparis, NOPIBHAMbHE iX Ao-
CRiPKEHHS i3 BXXe HasBHUMU 3acobamu Ta TpaanLiiHUMM aHTUMIKPOBHUMK NpenapaTtaMn — TakuMu, ik aHTMBIOTUKK. ToMy MeToto Ao-
CrifKeHb, pesynsTaTy SKUX NpeacTaBneHi y Ui cTarTi, Oyrno npoBeaeHHs NOPIBHANBHOTO AOCHIAXKEHHS BMNMBY aHTUbIoTUKa «3enepicy»
Ta KOMMNEKCHOTO 3acTOCYBaHHA CUHBIOTMYHOrO Npenapary «EHTepoHopMiH» pasoM i3 Mlonom Ta CeneHoM Ha NokasHUKY, siki xapakTe-
pY3yI0Tb aKTUBHICTb NMPOLECiB Nepokcuaallii niniaie, Ta piBeHb aHTUOKCUAAHTHOIO 3aXVUCTY B OPraHi3Mi TENAT paHHLOrO BiKy. B pesynb-
TaTi NpoBeeHNX J0CHiMKeHb BCTAHOBMEHO, LLIO BUMOKOBAHHS TensTam npenapaTy « EHTepoHopMiH» y koMmnnekci 3 Cenerom Ta Momom
Npu3BOANTL A0 3POCTAHHS aKTUBHOCTI €H3MMY FMyTaTiOHNEePOKCMAA3N Ta PiBHS BIAHOBIEHOrO MyTaTIOHY Y epuTpoumMTax TeNsT, Wwo
cnocTtepiranu y 50- Ta 60-go6oBoMy Bili. Taki 3MiHW NOrYHO NPU3BOASATL 40 3MEHLLEHHS KinbkocTi npogykTie [MOJ1 B ixHbOMy opraHiami.
Ha npotuBary ubomy, nodibHnx edekTiB Bif 3acToCyBaHHS aHTUBIOTUKY «3enepic» y AOCMiAKEHHI HAaMK He BUSABMNEHO. Tox pobumo
BMCHOBOK, LLIO BUMOKOBAHHA TensTam npenapary «EHTepoHopMiHy pasom 3 Mlomgom Ta CeneHom NpuaBoauTL A0 3POCTAHHS aKTUBHOCTI
KIMKOYOBOrO €H3MMY CUCTEMU aHTUOKCMAAHTHOMO 3axXMCTy — [TyTaTioHNepoKkcaasmn Ta piBHA BiAHOBMEHOTO IMyTaTiOHy B epuTpouuTax
KpoBi TenaT. Lli 3miHK, y CBOIO Yepry, BeayTb A0 3MEHLUEHHS KiflbKOCTi NPOAYKTIB nepokcuaauii B ix opraHiami. BogHoyac aHanoriyHmx
edbekTiB Bif 3acTOCyBaHHA aHTUGIOTUKY «3enepic» He BuaBneHo. OTpyuMaHi AaHi MOXYTb CBIAYMTM MPO MO3UTUBHUIA edeKT npenapary
«EHTEepOHOpMiHY y komnnekci 3 Mlonom Ta CeneHoM Ha akTUBHICTL aHTUOKCUAAHTHOT CUCTEMM 3aXUCTY B OpraHiaMi Tenar.

KnrouoBi cnoBa: TenaTa, rnyTaTtioHnepokcuaasa, BigHOBMeHU rmyTatioH, TBK-akTuBHI NpoayKTu, rigponepokevau, Wop, CeneH

Prokopenko OO, Smolyaninov KB, Vishchur Ol, Mudrak DI, Broda NA, Masyuk MB, Smolyaninova OO, Voltornisty AV. The effect of drugs
“Enteronormin” and “Zeleris” on the antioxidant potential of young calves. Biol Tvarin. 2024; 26 (4): 55-59. DOI: 10.15407/animbiol26.04.055.



https://doi.org/10.15407/animbiol26.04.060
UDC 636.52/58

Received 06.09.2024 = Revision 09.12.2024 = Accepted 20.01.2025 = Published online 22.01.2025

Minireview

Genetic resources of local chicken in Georgia

Anatoli Giorgadze, Marine Barvenashvili

anatoligiorgadze@yahoo.com

OPEN 8 ACCESS

Georgian Academy of Agricultural Sciences, 51 Ivane Javakhishvili str, Tbilisi, Georgia

ORCID:
A. Giorgadze https://orcid.org/0000-0002-5725-1885

Authors’ Contributions:

Gl: Conceptualization; Project administration;
Supervision; Writing — review & editing.

MO: Data curation; Methodology; Formal analysis;
Writing — original draft.

Declaration of Conflict of Interests:
None to declare.

Ethical approval:
Not applicable.

Acknowledgements:
None.

@ Attribution 4.0 International
(CC BY 4.0)

The preservation of local poultry gene fund has both sci-
entific and practical importance for Georgia. High genetic po-
tential is important for breeders from national, state, scientific
and economic points of view. It has been determined by sci-
entists that modern poultry farming in the world is represented
by a small genetic line of birds, which is why the breeds of
agricultural birds are almost uniform in origin. According to the
breeders, the mentioned fact will definitely lead to the disap-
pearance of valuable and necessary alleles, which local birds
are the protectors of. Further progress in poultry breeding is
impossible without the use of genetic diversity. The breeding
of new crosses necessarily requires extensive involvement
in the selection of the “less economical” local bird gene pool.
The intensification of the poultry industry, with the wide spread
of imported highly productive hybrid birds, created a threat to
the preservation of the gene pool of local birds, which almost
created the danger of its degeneration and extermination for
such breeds of chicken that have been widespread in Georgia
since time immemorial, including the following local breeds:
Chalisferi, Shavi, Megrula, Natsara, Keltitvela. These local
breed chicken are characterized by valuable genetic traits.
They are a source of rare marker genes, characterized by au-
to-sexuality, good adaptation to hot climates, the best quality
of eggs and meat, less demand for nutrition and care, and high
resistance to a number of diseases.

Key words: preservation, poultry, alleles, genotype, breeds,
selection, productivity

Introduction

According to the data of the United Nations Food
and Agriculture Organization (FAQO), over the last
100 years, 39 breeds of birds have completely disap-
peared across Europe, and 481 are at risk of extinc-
tion. These are breeds that are characterized by good
adaptability, high resistance to various diseases, less
demand for storage conditions, high taste qualities of
eggs and meat.

A decrease in genetic diversity is manifested by the
loss of valuable genes and their alleles. All this signifi-
cantly limits the possibilities and efficiency of further
selection work. In addition, local breeds and popu-
lations are valuable living cultural heritage. No less
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important are the issues of keeping reserve lines of in-
dustrial poultry. That is why it is necessary to develop
methods and ways of preserving the genetic diversity
of agricultural poultry.

World practice shows that it is possible to use dif-
ferent methods: in situ, ex situ, in vivo, and in vitro. It is
also worth noting the existing organizational forms in
this regard: fancier-birders’ associations, state and private
gene pool farms, monetary incentives at the national
level, and others.

Legislation regulating of the use of genetic resourc-
es in our country requires improvement, which means
that there should be a law on breeding livestock. It is
also necessary to create a law on the preservation of
genetic resources of agricultural animals and poultry
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and a mechanism for its implementation. Regretfully,
it is a fact that today the country does not have an
organizational system for storing genetic resources.

In Georgia there are suitable conditions for the devel-
opment of poultry farming, such as: moderate climate,
abundance of sunny days, diversity of plants and their
long growing season. The most common domestic bird
is the chicken. Information about chicken farming and
some taxes related to it, is also reflected in historical
documents. Chicken was one of the important sources
of providing the population with meat products, which
contributed to the breeding of meat, egg-laying and
combined breeds of chicken.

Today, the following populations of Georgian chicken
are still preserved in Georgia and have been identi-
fied by scientists and named according to their color:
Chalisferi, Shavi, Megrula, Keltitvela, Natsara.

Population — Georgian Chalisferi chicken

Common name: chicken. Latin name: Gallus do-
mesticus.

Origin: mostly spread in Kartli and Kakheti. The
breeding of this population in Georgia has a centu-
ries-old history, and at the same time, its origin is still
unknown.

Brief description: meat and egg-laying chicken
direction, but, as noted, leans more towards meat
chicken. The body is medium-sized, the head is me-
dium-sized, the face is slightly puffy, the beak is yel-
low, the comb is simple (leaf-like), the mouth and ears
are red, the chest is wide, the back is relatively short,
the legs are not feathered and covered with yellow
scales, the skin is pigmented yellow. Feather color
varies from straw to light red (more carrot) in different
individuals, males are somewhat darker than females.
As usual, the cover is white, and on the ends they
do not have mixed black feathers. The average live
weight of 1-year-old females is 1.8—-2.0 kg, and that of
males is 2.5-2.8 kg; for adults it is 2.4-2.7 and 3.0—
3.4 kg, respectively. Adolescents start laying eggs
from the age of 6-7 months. The average annual egg
production is 135—-145. The average weight of the egg
in the middle of the laying period is 53-56 g, and at
the end — 58-61 g. The egg is characterized by high
incubation properties: the percentage of hatching out
of every 100 laid eggs is 85—88. Chicken grow quickly
and are characterized by good plumage. Adolescents
reach the live mass for slaughter at the age of 2.5—
3.5 months. Like other local populations, one of the
main virtues of the Chalisferi chicken is its ability to
adapt to changing environments, high liveliness and
less demanding. Along with this, in separate trials, the
increased resistance of local chicken to such infec-
tious diseases as plague, pulurosis and marek has
been established. It is characterized by the high taste
qualities of the meat, which is due to the fact that fat
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accumulates not only under the skin and in the ab-
dominal cavity, but also between the muscles. Its egg
has a high content of lysine, leucine and isoleucine,
which leads to high incubation and taste properties.

Current state: the number of Chalisferi chicken
has not been established, since they are reared to-
gether with other populations of local chicken in private
farms. It is very similar in appearance and structure to
the Rhode Island variety bred in the USA.

Population — Georgian Black chicken

Common name: chicken. Latin name: Gallus do-
mesticus.

Origin: it is one of the varieties in five local chicken
populations. It is characterized by a broad head, a short
and thick neck, a broad chest, a long back, dense feath-
ers, a comb that is leaf-like and blood-red in color, and
the comb behind the ear is also red. Limbs below the an-
kle joint are not inflated. The scales on the foot are small
and densely covered. Brief description: The body length
of chicken is 21-23 cm, the length of the breastbone
is 12.5-15.5 cm, and the circumference of the chest is
30.5-32.5 cm. The corresponding measurements for
roosters are: 24.0-26.0, 16.5-18.5 and 42.0-45.0 cm.
The feathers on the whole body are pigmented black;
there may be single white or yellowish patches (dots or
short stripes) on the neck. In roosters, the black color of
the feathers on the main part of the body, on the neck,
wings and tail, turns into a greenish-purple-shiny-glossy
color. Beak and legs blackish-grey (dark). It is resistant to
changes in environmental conditions. It does not require
any special maintenance conditions and shows high
productivity when kept in simple poultry houses. The live
weight of chicken is 2.2-2.4 kg, roosters — 2.8-3.1 kg.
They start laying eggs from the age of 6—7 months.
Average egg production is 130—142 pieces/year; the
average mass of 1 egg is 55.5 g. Under natural condi-
tions (under the hook), 85-88 chicken hatch from every
100 eggs. In the “Tushuri” population of black chicken,
Georgian researchers have revealed a fairly high rate
of resistance to bird plague.

Current state: like other local chicken populations,
black chicken are raised in family and farm farms, and
no official information is available on their numbers.

Population — Megrula chicken

Latin name: Gallus domesticus.

Origin: they have been popular since ancient times
in one of the regions of Georgia — Samegrelo (the ori-
gin of the name of the chicken). It can be found in other
regions of the country as well. It is durable and easily
adapts to changing climates, both heat and cold. This is
what caused it to be widespread in Armenia, Russia, and
Ukraine in the last century.
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Brief description: characteristics of physical fea-
tures: medium-sized head, long neck, broad chest
and relatively short back. The color of birds of both
sexes is the same in adulthood: feathers are black-
ish-gray on the whole body, with white tips or feath-
ers (short stripes). In individual specimens, the wing
feathers are slightly golden. In roosters, the comb is
large, leaf-like, red in color and often folded. It is de-
sirable that the upper comb be leaf-like and folded.
The beak and legs are light yellow, but dark coloring
is also allowed. The legs are padded up to the ankle
joint. The feathers of newly hatched chicken of differ-
ent sexes are of different colors: on the head of the
male chicken, it has white feathers, in the male chick-
en, such feathers are almost absent, while the rest of
the body is pigmented black in the juveniles of both
sexes. Such differentiated coloration allows choosing
the sex of a one-day-old chicken. It is worth noting
that from the age of two weeks, the chicken acquires
a striped coloration. Average live weight of males —
2.8-3.2 kg, females — 2.4-2.7 kg.

Among the chickens of the Georgian population,
it is the most early-maturing and productive: it starts
laying eggs somewhat earlier — from the age of
160-170 days. On average, it gives us 160—165 eggs
weighing 55.3 g per year. Out of every 100 laid eggs,
the specific share of hatching is 80—-82% of the eggs
laid in the initial period of egg laying, and 88—90% of
the eggs laid in the middle period. Chicks grow fast
but fledge slowly.

Megrula eggs are characterized by high incubation
properties, chicken grow quickly and reach slaughter
age at the age of 3—4 months. Both young and adult
birds are characterized by high-tasting qualities of
meat, which is due to the fact that fat accumulates not
only under the skin and in the abdominal cavity, but
also between the muscles, which is not characteris-
tic of other cultural breeds and crosses. Unlike other
cultured varieties, its egg has a high content of lysine,
leucine and isoleucine, which determines its high in-
cubation and taste properties.

Current state: the number is greatly reduced.
They are raised on family farms, together with chicken
from other Georgian populations.

Population — Georgian “Keltitvela” chicken

Common name: Chicken. Latin name: Gallus do-
mesticus.

Origin: it is assumed that the Keltitvela chicken
generally originated in the territories of today’s Austria,
Germany, Hungary and Romania. The period of their
distribution in Georgia has not been determined. In some
parts of the country, Keltitvela chicken are also called
Chinese (“Kitaika”).

Brief description: Georgian “Keltitvela” chicken dif-
fers from other Georgian populations in its appearance:
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the head is round, the beak is short and slightly curved,
the comb is simple, medium-sized, blood-red and
mostly upright, the earrings are small and red, the neck
is of medium length, not inflated and red, the chest
is wide and rounded, the back is long and broad, the
wings are tightly attached to the body, and the part of
the foot is quite long and not inflated. Feather pigmen-
tation in both roosters and hens repeats the coloring
of all Georgian chicken populations. The beak and part
of the foot are mostly yellow.

One of the main conditions for belonging to the Geor-
gian “Keltitvela” group is that the chicken should not
have white feathers in its coat. In terms of productivity,
“Keltitvela” chicken are combinative, egg-meat oriented.
Among individuals of different colors, the straw-colored
keltitvela is the largest. On average, the live weight of
roosters is 3.2-3.5 kg, chicken — 2.7-2.8 kg. It starts
laying eggs at the age of 5-6 months, and reaches the
peak in the 7"—8" month. The average production is
155-160 eggs, egg mass is 56.8-58.5 g, hatching egg
yield is 90%, and the number of hatched chicken from
every 100 eggs reaches 86-88. The chick is growing
fast. It has tender, tasty and “white” flesh, which is also
characterized by good technological/culinary properties.
It is established that the “Keltitvela” chicken is charac-
terized by high vitality, when kept in family conditions, it
easily “finds” food and tolerates extremely high air tem-
perature well.

Current state: it is not found as a separate groups
in any farm/household. According to the expedition re-
search of 2009-2012, the number of hens in Dusheti
and Tianeti municipalities is 24—30% of the total mass.
Probably, the situation is similar to this in other regions
of the country.

Population — Georgian Natsara chicken

Common name: chicken. Latin name: Gallus do-
mesticus.

Origin: it is one of the local chicken populations.
Compared to the Black chicken, it has a longer body.
It is characterized by a wide chest, medium height,
dark colored and un-feathered legs, a short, dark col-
ored and slightly curved beak, a leaf-like and mostly
erect comb and a red colored earlobe.

Brief description: in females, the body is com-
pletely covered with uniformly gray feathers, which
may be slightly darker in the neck area. Roosters also
have body feathers that are a solid gray that fades to
dark on the tail and neck areas, and some individuals
may have a slightly noticeable light golden color on
the wings. The live weight of adult females is 2.4-2.7
kg, males — 3.0-3.4 kg. They start laying eggs from
the age of 160-170 days. In this period, the intensity
of eggs is on average 14.6%, and the peak of egg pro-
duction occurs at the age of 8-9 months and reach-
es 63.2%. The average annual egg production rarely
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exceeds 150-155 eggs, and the average egg weight
is 55.8 g. The hatching egg yield reaches 88.6%, and
the hatching % is 83.6.

Birds of this population are characterized by high
vitality and good endurance. In the experiments, it was
determined that the rate of mortality of Natsara chicken
in the period from 5 to 17 months of age is quite low
and amounts to 15.4%. It should be considered as an
important positive feature that the laying of eggs in the
summer months is quite even, which indicates the high
ability of chickens to adapt to the high temperature.

Current state: Natsara chicken are raised together
with other local populations in family/household farms.
There is no official information on their number.

As we can see, the local chicken populations spread
in Georgia are characterized by a number of important
positive features, such as vitality and durability, high
resistance to various diseases, resistance to high tem-
peratures, good productive indicators, etc. Today, when
scientists from all over the world, including specialists
in the field of animal husbandry, fight with the negative
consequences caused by climate change, local chicken
populations are able to breed highly productive lines and

FeHeTU4HI pecypcu micueBux Kypeun B Mpya3ii

A. lopeaadse, M. bapserauwsini
anatoligiorgadze@yahoo.com

crosses well adapted to new natural and climatic condi-
tions as a result of targeted selection work.

It should be emphasized that the local chicken popu-
lations spread in Georgia are not only well adapted to the
local natural and climatic conditions, but they can also
be used in foreign countries which once again points
to the need to preserve these populations. Accordingly,
we believe that it is necessary to create a genetic bank
in the country, where the genetic material of valuable
Georgian chicken populations will be preserved.
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Akagewmisi cinbCbkorocnogapcbkux Hayk pysii, Byn. IBaHe DxaBaxiwwsini, 51, M. T6inici, Mpysia

36epexeHHs reHodboHay MicueBoi NTuui Mae Ans Mpysii Sk HaykoBe, Tak i NpakTUYHE 3HaYeHHs. BUCOKuIN reHeTnYHMIA noTeHuian
BaXXIMBUN AN cenekuioHepiB 3 HaLioHanbHOI, AepXXaBHOI, HayKOBOI Ta EKOHOMIYHOI TOYOK 30py. ByeHi BcTaHOBUNN, WO cyyacHe nta-
XiIBHULITBO Y CBITi NpeAcTaBrieHe HEBEMNMKOK MrEHETUYHOM MiHIE NTaxiB, TOMy MOPOAM CiNbCbKOrOCMOAAPCHKOI NTULL Malixxe OQHOPIAHI 3a
NoxomKeHHsIM. Ha fymKy cenekuioHepis, 3ragaHuii hakT OAHO3HaYHO NpusBeae A0 3HVKHEHHS LiHHWX | NOTPIBHMX anenis, HOCIAMM SKKX €
Micuesi nTaxu. MNoganbLunii Nporpec y NTaxiBHULTBI HEMOXIUBWIA 63 BUKOPUCTaHHS FeHETUYHOIO Pi3HOMaHITTS. BuBeaeHHs HOBUX cxpe-
LLyBaHb 0OOB'A3KOBO BMMAarae LUMPOKOro 3ayyeHHs! Ao BiAbopy «MeHLL EKOHOMIYHOro» MicLieBOro reHoboHAy nTaxis. IHTeHcudikauisa
NTaxiBHULITBA 3 LUMPOKM PO3MOBCIOPKEHHSIM iMMOPTHOI BUCOKONPOAYKTUBHOI ri6pMAHOI NTULI CTBOpMNa 3arpo3y 36epexeHHIo reHooHay
MicLieBOi NTUL, WO Maiixxe CTBOPUIO Hebe3neky oro BUPOMKEHHS Ta BUHWULLIEHHSI NS TakuX Nopig Kypen, siki CMOKOHBIKY MOLUMPEHi
B pysii, B Tomy 4mncni micuesux nopia: Yanicdepi, LWasi, Merpyna, Hauapa, Kenerteena. Lli micueBi nopoam Kypel xapakTepuayoTbCs
LiHHAMW FEHETUYHMMM O3HaKamu. BoHu € axxepenoM pigKiCHMX reHiB-mapkepiB, XapaKTepu3yloTbCsl aBTOCEKCYarbHICTHO, XOPOLLIOK
afanTauieto 40 XapKoro KriMaTy, HalKpaLLoto AKICTIO SiELb | M’Sca, MEHLLIOK BUMOTTMBICTIO 40 roAiBni Ta Jornsay, BUCOKOK CTIKICTIO

[0 HU3KN 3aXBOPHOBaHb.

Knro4oBi cnoBa: 36epexeHHsi, NTuud, aneni, reHoTvn, Nopoawn, Cenekuis, NPOAYKTUBHICTb
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Y cTaTTi NnpoaHanisoBaHO Cy4acHUIN CTaH eKonoriyHol
cuTyauil Woao pisHUX BuAiB mMikobakTepin, ix cuctema-
TUKY, enigemMiyHe 1 eni300ToNoriYHe 3Ha4YEHHS, 30Kpema
B YKpaiHi, 3 ypaxyBaHHAM AMHaMIiK1 3MiH NPpUPOAHO-
KniMaTUYHMX YMOB, a TaKOX 3a BMAMBY aHTPOMOreHHMX
¢akTopiB. PO3rnsiHyTO OCHOBHI pU3nKn Ans 340poB’da
TNIOOMHU, 9Ki MOXKHa OYiKyBaTW Bif LUX MIKpOOpraHiamis,
a TakoX HeoOXigHi 3axoam Anst 3anobiraHHsA X BUHUK-
HEHHI0. Y npaui y3arasbHEHO HMU3KY BflaCHUX AOCHi-
OKeHb, a TakoX pe3ynbsTaTtu, siki ofAepKanu HayKoBLi, SIK
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B YKpaiHi, TaK i B iHLUMX KpaiHaX CBITY.

KnrouyoBi cnoBa: mikobakTtepii, 4oBKiNns, mikobak-
Tepio3wn, ekonoris, Ty6epKynbo3, anepris, ximiopeauc-
TEHTHICTb

Beryn

BignosigHo no Bergey’s Manual of Systematic
Bacteriology, mikobakTepii HanexaTb 40 NOPSAAKY
Actynomycetales, poauHun Mycobacteriaceae i poay
Mycobacterium, 10 BKMoYa€e NaToreHHi, yMoBHO-NaTo-
reHHi Ta canpoditHi Bugu [1, 32]. [lns BCix npeacras-
HUKIB poay Mycobacterium xapakTepHOK O3HaKo €
KMCNOTO- i CNMPTOCTINKICTb, NOAIOHI KynbTyparnbHO-
MopdornoriyHi ocobnNMBOCTi, aHTUreHHa CNOPIAHEHICTb,
TUHKTOpIanbHi BNacTUBOCTI, a TaKOX 34aTHICTb 4O 3a-
dapboByBaHHA MeTogoM Linnb-HinsceHna. Mikobak-
Tepil € Hepyxomumm aepobamu, He yTBOPIOKOTb CNOpP
i Kancyn, He MaloTb Ha CBOI NOBEPXHi BOPCUHOK. Oco-
onuBicTio mikobakTepini € Te, WO BOHU AYyXe MOBIfbHO
POCTYTb Ha LUTYYHUX MOXMBHUX CEpeaoBULLLaxX — A0
90 gpi6. Kpim Toro, ui mikpoopraHiamu 3gatHi 4O 3BO-
pOTHOI aucouiauii y R-, L- Ta S-cpopmu, wo pobutb
X We BinbLU NiACTYNHUMU.
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Lli mikpoopraHiamu € BaXnMBmMmMun areHTamu Ans mMe-
OVLVHK Ta BETEPUHAPIT Yepes IXHI0 30aTHICTb BUKITUKaTH
iHCpeKLUiMHI 3aXBOPIOBaHHS, SIK-OT Ty6epKynbo3, naparty-
Oepkynbo3, Npokasa Ta iHwWi MikobakTepiosn. OCHOBHUM
cnocobomM 60poTEOY MakpoopraHiaMy Npu NOTPaNMAHHI
MaTOreHHNX KynsTyp MikobakTepin € KNiTMHHWI iIMYHITET,
a NepBUHHMM MapKEPOM IXHbOI NAaTOreHHOI Aii — He3a-
BepLueHun cparoumTos [2, 3]. MNpoTe 3HaYeHHs Mikobak-
Tepin He 0OMEXYETLCA TiNbKWM MATOrEHHICTHO; iX eKorno-
ris B NpMpOaHMX cepenoBuLLax € NpegmeTom nocTinHMX
JocnigpkeHb, SKi NOKMMKaHI Kpalle 3po3yMiTH iXHI0 porb
Y NPUPOAHUX i LUTYYHUX ekocmcTemax [6].

PisHOomaHiTHiCTb Ta aganTauis mikobakTepin
[0 JoBKinna

Ha cworogHi y cBiTi ineHTudikosaHo noHaa 300 Bu-
AiB i nigBmnagie mikobakTepin, a B YkpaiHi BUOINA0Tb
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noHapg 50 [1]. Takox BuB4eHO noHag 20 Buais mikobak-
Tepil, siKi € NaToreHHMMM abo YMOBHO-MATOreHHUMU A1
niogen. Lli mikpoopraHiamu nowmpeHi Ha BCiX KOHTU-
HEeHTax 3eMHOI Kyni, (pakTU4HO, BOHM € YBiKBITApPHUMMU.
HaBiTb y TUX KpaiHax, siki MaloTb CTillke eni3ooTn4He
Gnarononyyys wono TyGepKynbo3y, Yac Big 4Yacy BUHM-
KaroTb CropaguyHi BUNagKn BUAINEHHS NaTOreHHNX BU-
ais mikobakTepin Big TBapuH abo ntaxis [11]. 3a kynbTy-
panbHO-MOPMONOriYHMMM 03HaKaMm MikobaKTepii pos-
NOAINATb Ha YOTMPK rpynu (knacudikauis PaHboHa,
1959): dpotoxpomorenHi (I rpyna), ckotoxpomoreHHi (11),
HedpoToxpomorenHi (I1l) i wsuakopocni (1V) [32] . LiikaBum
€ TOW dhaKT, WO Ha TepuTopil YKpaiHuM i30M00Th Nvile
mikoBakTepii Il, Il i IV rpyn 3a knacudikauieto PaHbiio-
Ha. Buaw, wo Hanexartb 4o | rpynu (poTOXpOMOreHHi),
B YkpaiHi He BuainsatoTh. LLlo ctocyeTbcs BUOOBOMO po3-
MaiTT, TO HanvacTile B YKpaiHi Big TBapvH, nogen abo
3 00’eKTiB [OBKINMS i30MNt00Th Taki BUAW aTUMOBUX MiKO-
Gaktepivi: M. scrofulaceum, M. fortuitum, M. gordonae,
M. vaccae, M. phlei, M. avium-intracellularae complex,
M. thyfimurium, M. flavescens, M. triviale, M. xenopi,
M. smegmatis Ta iHwi [35].

MikobakTepii AEMOHCTPYIOTb BUCOKY €KOMOTiYHY
MNAaCTUYHICTb, MPUCTOCOBYHOUMCH O LLUMPOKOTO CriekTpa
cepenoBuLL, — Bif IPYHTIB | BOA4 A0 cepefoBuLL i3 eKc-
TpemarnbHVMN yMOBaMU, SIK-OT BUCOKA Y/ HU3bKa TeMne-
patypa abo Bucokui BMicT meTanis [15]. Oeski Buam
MmikobakTepin, Sk, Hanpuknaa, Mycobacterium smegmatis,
MELLKalTb Y I'PYHTI 1 aKTMBHO GepyTb y4acTb y npoue-
cax biogerpagadii opraHiyHMX pevyoBuH. IHLWi, 30kpema
Mycobacterium avium, BUSIBNSOTb Y NPUPOOHMX | LUTYY-
HMX BOOHWX CUCTEMAX, 30KpEMa B OYMCHUX Cropyaax, aAe
BOHW MOXYTb CTaTu 30ygHMKaMU AN CIPUARHATINBUX
opraHiawmiB [4, 7]. LLlo cTocyeTtbea ekoreorpacpidHnx oco-
GrmBocTen, To HanbinbLLe aTunoBi (CanpodiTHI) BUAN Mi-
kobakTepint Ha TepuTopii YkpaiHu NepcncTyioTb Ha 3abo-
TNOYEHIN MiCLLEBOCTI, TOPdY'HUKAX, Y MiCUAX 3 MigBuLLe-
HOO BonoricTto NoBiTps [9, 34, 35]. Nicns X noTpannsaHHs
[0 MaKpoopraHiamy BigbyBaeTbCs NULLE KOpOTKOYacHa
ceHcubinizauis — ctaH rinepyyTnMBOCTi (anepris) 4o Aii
CMOpiAHEHNX B @HTUFEHHOMY BiAHOLLUEHHI PEYOBUH, PO3-
BWTOK iHGEKLINHOro NaTonoriyHoro npoLecy npu Libomy
He BigbyBaeTbca [14]. MexaHiyHMMY nepeHoCHKamu
MikoBaKTepiN, L0 CNPUsIFOTE iXHLOMY PO3MOBCIOIKEHHHO,
HamyacTile € cMHaHTponHa abo guka ntuusa (ropobu,
rony6u, BOPOHW, Ka4yku, NacTiBkx Ta iHwi) [31, 34].

B3aemodis 3 bioueHo3amu

MikobakTepii MOXyTb yTBOPIOBATU CKNagHi CUM-
GioTn4yHi abo NaToreHHi 3B’A3KK 3 iHWKMK OpraHiama-
mu [18, 19]. Hanpuknag, y rpyHTOBUX CUCTEMAaX BOHMU
34aTHi criBicHyBaTK 3 rpubamy abo HaMMpoCTiWnMu,
CMpUs0YUN Po3LLENTEHHIO OPraHiYHNX PEYOBUH | MiHe-
panisauji. Y BOOHMX ekocucteMax — KOSIOHi3yBaTu Mo-
BepxHi BionniBoK, A€ KOHKYPEHLLiS 3a pecypcu BU3Havae
TXHIO XXMTTE3ATHICTb. 3anexHo Big NEBHUX YMOB A0-
BKinnst MikobakTepii MoxyTb 36epirat CBOi BNaCTUBOCTI
BNpoaoBx 6aratbox pokis [9].
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HanbinbLw 6nmM3bkumMmn 4o MikobakTepin y aHTUreH-
HOMY BiHOLLEHHI € TaKi MiIKpoopraHiamu, sik KOpUHe-
GakTepii, Hokapaii, pOAOKOKKWN, epcuHil [1, 32].

AHmMponoaeHHUl 8rnue Ha emionoaivHi U eKornoaidHi
eriacmueocmi Mikobakmepiti

MikoGakTepii akTMBHO pearytoTb Ha aHTPOMOreHHi
3MiHW B JOBKINMi, 30KpeMa Ha 3abpyaHeHHs Boau, 3MiHY
TEMMNEPATYPHOIO PEXUMY abo 3pOCTaHHS PiBHSI TOKCKY-
HMX cnonyk. B ymoBax 3abpygHeHHS BOOHNX eKOCUCTEM
NigBULLYETLCA NOLUMPEHHS YMOBHO-MATOrEHHUX BUAIB
MmikobakTepin, ak-oT Mycobacterium intracellulare, wo
MOXe CTaTu 3arpo30t0 A1 300POB’S NoauHK. Tpanns-
tOTbCH TAKOX MOBIAOMIEHHS MPO BUAINEHHS MikobakTe-
pin Big p1b [8, 13, 16, 17, 20, 25]. isnbHicTb Ntogen Mae
BENUKWUIA BMMMB Ha Pi3Hi MiKpoOpraHiamu, 3okpema Le
cTocyeTbes | MikobakTepin. Llen BNnvB yMOBHO MOXHaA
pO3MnoaiNMTK Ha fnokanbHWUIA i rmodanbHWiA. FnobanbHuiA
BMNJIMB NOB’A3aHUI 3i 3MiHamu knimaTy (rnobanbHe
NOTEMNIHHS), NMOSIBO0 aHTUBIOTUKOPE3UCTEHTHUX i XiMiO-
PE3NCTEHTHUX POPM, LLIO 3yMOBIHOKOTL IHADEKLIiVHI 3aXBO-
PIOBaHHSI, 30Kpema TybepKyrbo3, ski BaXKKO NigaatoTbes
niKyBaHHIO 32 JONOMOIOH TPaAULLINHUX NiKapCbKUX 3aCo-
6iB. [MobanisaLisa CBiTy TakoX NPU3BOANTE A0 LUBUOKOIO
PO3MNOBCIOMKEHHSA NATOreHHMX BUAIB MiKoBaKTepin Mix
KOHTWMHEHTaMu 3eMHol Kyni [11].

JNokanbHUM BNAUB aHTponoreHHUX cakTopis

JlokanbHWM BB aHTPOMNOreHHNX GhaKkTopiB ABMNSE
coboto 3miHM eko-reorpadii Ta iMyHo-6ioxiMiYHMX Bnac-
TMBOCTEN MiKoGaKTepin BHACNigoK rocnogapcbKoi ai-
ANBLHOCTI NOOVHMW, HAaNpPUKNag, oCcyLleHHs abo, HaBMNakw,
CTBOPEHHS LUTYYHUX BOOHUX EKOCUCTEM, OYAiBHMLTBO
TBapPUHHMLbKMX 200 NTaxXiBHNYMX KOMMMEKCIB 3 BUCO-
KOO KOHLIeHTpaLiero noronis’a Towwo [3, 6]. Takox BOEHHI
4ii, 0cobNMBO SKLLO BOHM TOMATBLCS NPOTArOM TpMBano-
ro yacy, 3Ha4yHo BMNMMBaoTb Ha EKOOrito MikobakTepin,
3yMOBJIIOKOYM, 30KpEMA, PU3VIK CranaxiB TyOepKynbOo3HOi
iHbeKUiT Ta IHWKMX HebGe3nevYHMX 3axXBOPHOBaHb.

OpHieto 3 ekonorivyHKX i coujianbHUX npobrem B Ykpa-
THi Mig Yac BiNHKM cTano 3abpyaHEHHS NOBITPS, BOau Ta
rpyHTy. [NoCTinHi GoMbapayBaHHs 1 0OCTPINKM MIiCT i Ha-
cereHux NyHKTIB NPU3BENn 40 BUKUAY BENUKOT KifbKOC-
Ti TOKCUYHUX XIMIYHUX PEYOBUH Y AOBKINNA. SHULWEHHS
nicis, NoXxexi Ha Nonsix, HagTonepepobHMX NiaNpPUeEM-
CTBax, 3aBofax, enekTpOCTaHLisX TOLLO — YyCe Le npu-
3BOAUTL 0 HULLIBHOTO BSMBY HA EKOCUCTEMY HE TiflbKu
B 30Hi BejeHHs1 DONOBMX i, a 11 3aranoM Ha TepeHax
yciei kpaiHn Ta 3a il Mexxamu. XiMidHi pe4oBUHM 3abpya-
HIOKOTb I'PYHT, [XXepena Boaum 1 NoBiTps, LLO HeraTuBHO
BNAVBAE Ha TBAPWIH i CNPUYMHAE HU3KY Npobnem 3 no-
ripLUEeHHs1 300POB’A HaceneHHs.

PynHyBaHHA NaHawadoTie, iHppacTpyKTypK, po3nmneu
i BUTOKM HeBe3nevHx MaTepianis, sik-OT HadTa, XiMika-
TW, TOKCUYHI N pafioakTUBHI Pe4OBUHW, Y HABKOSTULLHE
cepefoBULLE YNHATb HEFATUBHUI BMIIMB HA 'PYHTOBY
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Mikpodbriopy Ta BCIO eKOCUCTEMY MiKpoopraHiamis. He
3'ICOBaHNM 3anuLLIAETLCS BMIVB NepepaxoBaHMX BULLE
abioTnYHNX i BIOTUYHNX YNHHUKIB HA eKOSOrito Mikobak-
Tepin, No3asik Wwob ue 3'sicyBatu, Tpeba NnpoBecTu cneLli-
anbHi OOCHIMKEHHS, 30KpemMa BU3HAYNTK IXHE NOLUMPEH-
Hs1 Ta naToreHHicTb. OaHak 6pak cTabinbHOCTI Ta 6e3nekm
YCKNaHOE AOCTYMN HAYKOBLIiB, €KOrOriB i NpeacTaBHUKIB
3aUiKaBneHnx yCTaHOB Ta OpraHi3auii 40 TepuTopin, SKi
noTpebyroThb yBar n OCHIMKeHb LWOoAo eTonorii | po3no-
BCIOPKEHHS MiKOBaKTepii, BUHUKHEHHS Y HUX MOXITMBMX
MyTaUiRHNX 3MiH TOLLO.

MaToreHHicTb Ana noaen i TBapuH

Heski Buan mikobakTepin € 36ygHMKamu Hebeaneu-
HUX 3aXBOPOBaHb, 30kpema i TybepKynbo3y B Nniogen,
wo 3ymosntoe Bug Mycobacterium tuberculosis.

Bigomo, o Ty6epkynb03 y BenMKoi poratoi xynobu
30aTHi BUKNvKaTu 36yaHukun Buais Mycobacterium bovis
(M. bovis) i M. tuberculosis. BogHo4ac xapaktep nepebi-
Iy 3aXBOPIOBaHHS Y TBAPWH CYTTEBO BiAPI3HAETECS. Takox
Hemae eanHOT AYMKM cepef HayKoBLiB LLoao poni ae-
SKUX BMAIB aTMNoBUX MiKOBaKTepin, a Takox 30yaHuKa
Buay M. avium y BUHUKHEHHi nNaTonoriyHoro npowecy
B OpraHiami Benukoi poratoi xygobu. TpannsaTbes nosi-
OOMITEHHS, WO KynsTypu M. avium 3gaTHi 3ymoBnioBaTu
B nofen, ocobnumeo y Aiten, Ty6epKynbo3Hi ypaKeHHsI
B KICTKOBIV TKaHWHiI [21, 22, 23, 36].

CaiToBa KOHLIENLLS1 Cy4acHoi cucteMmn 6opoTLbm 3 iH-
eKLINHNMMN 3aXBOPIOBaHHSAMU Nepegbadvae npuHumn
«One health», makcumanbHe BUKOPIHEHHS 300aHTPO-
MOHO3HMX 3aXBOPHBaHb 3 METOI PO3PUBY 3BOPOTHOMO
Kona 3apaXkeHHs1 TBapWH i nogen, To6To 300poB’s Nio-
aen — yepes 300poB’a TBapuvH. ligrotoBneHnn mo-
6anbHWI NnaH 6opoTbOu 3 TyOepKynbO3oM noaen Ha
2023-2030 pp. (Global Health Campus) [10] HemoxrnmBo
yChilWwHO peanidyBaty 6e3 npuaineHHs yeBaru 4o nogo-
NaHHs TYGepKynbOo3HOI IHGeKLT TakoX | cepeq TBapUH.

Oxkpemo BapTO 3yNUHUTMCS Ha Npobriemi Hecrneuu-
didYHMX peakuin 9K y TBapWH, Tak i B Noaen, Ha Miko-
bakTepianbHi aneprexun (TyoepkyniH, AAM), siki BUKO-
PUCTOBYIOTLCH Y MeAULUUHI ANA NPUXUTTEBOI AiarHoc-
TVKM 3aXBOPHOBaHHA Ha Tybepkynbo3s [33]. MNepeBaxHa
OiNbLUICTb aTUNOBMX BMAIB LIMX MIKpOOpraHiamis, Matoum
CNiNbHI aHTUreHHi geTepMiHaHTy 3i 36yaHnKamm Ty6ep-
KyrnbOo3y, € MPUYMHOKO TaK 3BaHUX NapaanepriyHx peak-
Lin BHacnigok doopmMyBaHHSA Y MakpOoOpraHiami CTaHy ri-
nepyyTNNBOCTI cnoBsifnbHeHoro Tuny. Lien peHomeH
3HAYHO YCKMafHIE AiarHOCTUKY TyOepKynbo3y, aka mae
OyTM KOMMIIEKCHOO, @ y TBApPWH, 30KpEMa Y BENUKOI po-
ratoi xygobu (BPX) npussoautb o 3aboto, Skun 3ain-
CHIOETBCS 3 [iarHOCTUYHOIO METOH, 3A0POBUX MPOAYK-
TUBHUX OCOOWH, LLIO CBOEID YEProt0 CMIPUYMHIOE 3HAYHI
€KOHOMIYHi 3aTpaTu y ranysi TeapyHHuuTBa [24, 30, 35].

Y nogen siBvLLe Napaaneprii TakoX CyTTEBO ycknaa-
HIO€ KOHTPOSb TyOepKyrnbOo3HOI iHGpeKLii, 0cobnmBo Lie
CTOCYETbCS iTEWN, LWENNEHNX KyNbTYpOH BaKLUUHHOIO
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wramy BCG, y SIKMX 4acTO BUSABNSAOTb NO3UTUBHY pe-
akuito MaHTy, ane npu LboMy PO3BUTKY iH(eKLiNHOro
npoLecy He BiabysaeTbea [2, 3, 25, 26].

LLlo ctocyeTbes ranysi TBApMHHULITBA, TO B YKpaiHi,
noYnHaro4m 3 xxoBTHS 2016 p., 3a odilinHUMK JaHUMN,
NPOBELEHO i MOBHE 0300POBINEHHS Big TyOEpKynbO3HOI
iHdpeKUjT, NpoTe, Hanpuknag, y nepLuiomy nispivdi 2024 p.,
3a gaHumn [lep>xkaBHOrO HayKOBO-OCHIAHOIO iHCTUTYTY
nabopaTopHOI AiarHOCTVKKM Ta BeTcaHekcnepTuaun (Kuis),
Mg Yac NnaHoBMX anepriyHnx JocnimKeHb (TybepKyniHi-
3auist) 6yno susierneHo 208 ronis BPX i3 44 rocrnogapcts
y BOCbMW 0BNacTsx, siki MO3UTUBHO pearyBanu Ha BHY-
TPILUHBLOLLIKipHE BBeAeHHs1 PPD-TyGepKyniHy onsi ccaBLiB
y CTaHOapTHOMY PO34uHi. MNpryrHM LBOro sABULLIA NOTpe-
OyIOTb peTenbHUX OOCHIIKEHb Y KOXHOMY KOHKPETHOMY
BMMNagKy — 3 MeTo AndbepeHuiaLlii cneundivHmx Big na-
paanepriyHmMx abo nceegoanepriYHMX peakuin Ha Tyoep-
KyniH ans ccasuiB. Lle HeoOxiaHo ans 3anobiraHHst pos-
BWTKOBI iHGDEKLIIMHOIO 1 €ni300TMYHOIO Ty6epKyb03HOro
npoLeciB, SKi MOXYTb ByT HEMOMIYEHNMM Ha Tni rinep-
ceHcmbinizavii TBAPWH iHLWNMMK aHTUreHamu, Lo MaroTb
CNiNbHi aHTUrEHHi AeTepMiHaHTK 3i 30yaHMKamy TyGepKy-
nbo3y. OcobnmBoi akTyanbHOCTI Ui NUTaHHS HabyBatoTb
nia Yac Aii BOEHHOTO CTaHy, KOnv NOLLUMPEHUMU € BUNAOKM
MacoBOro nepemileHHs noronis’a BPX i3 30HM 6ooBux
Ain y 6e3neyHilwi perioHn, a BogHo4ac, i3 06’eKTMBHUX
NPUYKH, KAPaHTUHHI diarHOCTUYHI AOCNioYKEeHHS TBApWH
30iACHIOITLCSA HEesIKiCHO abo B3ararni He MPOBOAATLCS.
[o Toro x cuTyaLito yCKnagHoe 3aranbHe 3HUXEHHS
PiBHS XUTTA NOAEN, a TaKOX YMOB YTPUMAaHHS 1 roaisni
CiNbCbKOrocnoAapCbKuX i CBINCbKMUX TBApPUH. Y 3B’A3KY
3 UMM Ha CbOroAHi NUTaAHHSM KOHTPOSO enigeMiyHoi Ta
eni300TUYHOI cMTyaUil B HaLUii KpaiHi cnig npuainatm
ocobnuey yeary [29]. Lle Takox CTOCYeTbCA 1 0BEPEXHNX
MPOrHO3iB LLOAO NOsiBY NapaTyoepkynbo3y B YKpaiHi, ki
Moxe ByTu cnpudnHeHun M. avium-paratuberculosis
complex [4, 33, 35].

MoripLyeTbes 1 enigemMidHa cuTyauia wono Tyéepky-
NbO3HOI iH(peKLiT. BpaxoBytoum aHTPOMNO30OHO3HUI Xa-
pakTep TybepKyrnbo3y, NOoMinweHHst enigemivyHoi cutyauii
HeMOoXrmBe 6e3 YXXUTTS BiAMOBIOHMX NPOTUTYBEPKYNbOo3-
HMX 3axofiB i y TBapMHHULTBI. Lle cTocyeTbca He nuiie
ranysi ckotapcTsa, ane 1 nTaxiBHULTBa, CBMHApPCTBa
Towo [5, 27, 28].

B ocTtaHHi poku B YkpaiHi HaByBae nonynspHoCTi
YTPMMaHHS B JOMALLHIX YMOBaX Pi3HMX BUAIB EK30TUYHNX
MTaxiB-kOMMNaHbLMOHIB (3okpema nanyr). OgHak Taki nTaxu
4acTo € AKepernom, Lo BUainsie B AOBKINNS pisHi Buamn
mikobakTepin, cepen SKuX i Ti, LLO MOXYTb CTAHOBUTU He-
©e3neKy ans 30opo.’s noaen. Nepeaycim Le ctocyeTbes
mikobakTepii komnnekcy M. avium-intracellularae, ski
MOXXYTb CMPUYMHATY B NOOEN, | 0COONMBO B AITEN, 3aXBO-
proBaHHSA Ha TyOepKynbo3 TpyoyacTux Kictok. HanbinbLwu
HebesneyHi 3 ornsAay Ha ue nTaxu, AKMX yTpUMyoThb Y J0-
MaLLHiX YMOBax YNpopoBx GaraTbox pokiB (MiTHi ocodu-
HK). Ha ocobnuBy yBary 3acnyroBye akT BUAINEHHS
Bi, NTaxiB-KOMNaHbWOHIB B YKpaiHi BMIPO4OBX OCTaHHIX
TPbOX-M'ATU POKIB HOBOIO BMAY MiKOBaKTepin, SKkun 3a
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KynsTypanbHO-MOpPdOnoriYHUMKM 03HaKamm nonepenHso
ineHTndikoBaHo gk M. genavense [12]. Cnig 3a3HaunTy,
LLIO paHille NoBiAOMMEHb NPO i30M4Uil0 LbOro Buay
B HaLWin KkpaiHi He Oyno. OTxe, Hebe3nevyHum € Te, Lo
naToreHHiCTb Ans noguHu Bugy M. genavense 3anu-
LIAETLCA He A0 KiHLUSA 3'ACOBaHOI0.

Ekonorist Ta eBoMtoUiIMHI MexaHi3aMn aganTawii pisHMX
BMAIB MikobakTepivi cnpustoTb OPMYBaHHIO iX NigBu-
LLIEHOI CTINKOCTI A0 Aii NpoTMMIKPOBHMX Npenaparis, 30-
Kpema aHTUBIOTUKIB, a TakoX A0 Ae3iH(EeKLinHNX 3aco-
6iB, LLIO 3HA4YHO yCKIafHE abo HaBiTb YHEMOXITUBIIIOE
NiKyBaHHs1 3yMOBMEHMNX HUMM 3aXBOPIOBaHb. Tak, yHa-
CMiOK TPMBAIoro 3aCTOCyBaHHS NPOTUMIKPOOHMX | Ae3-
iHbeKUiNHMX 3acobiB YTBOPHOKOTHCH XiMIOPE3UCTEHTHI
dopmm MikobaKTepin, ki CTaloTb HEBPA3NMBUMK OO0 Aii
TpaauLiHKX NikyBanbHMX 3aco0iB abo Ae3iHEKTaHTIB.
Lle nuTaHHs B cydacHux ymoBax HabyBae rnobanbHOro
XapakTepy i BUMarae rmmboKkoro BUBYEHHSI HA MOJEKY-
NAPHO-FEHETUYHOMY PiBHI MeXaHi3MiB Pe3MCTEHTHOCTI
" aganTauji MikobakTepiii 4O CydacHUX OVHAMIYHMX 3MiH
OOBKINNS, a TakoX A0 po3pobrneHHs KoHuenuii HOBUX
MPOTOKOMiB NiKyBaHHS, 3axogiB 60poTLOM | npodinakTku
mikobakTepiosis [10, 11, 24].

MikobakTepii € eKonoriyHo BaxXnMBMMKU MIKPOOp-
raHiamamu, siki BigirpatoTb BaXnuBy porb y Npupoa-
HMX eKocucTeMax, a TakoX MakTb 3HAYHWUIA BNAMB Ha
300poB’A nogen i TBapuH. BpaxoBytoun BUCOKY CTil-
KICTb LIMX MiKpOOpraHiaMiB 40 3MiH JOBKINNs, iXHin no-
BINbHUI PICT | PO3BUTOK, @ TAKOX 34aTHICTb BUKMMKATK
HN3Ky Hebe3nevyHmx iHPEeKLINHNX 3aXBOPIOBaHb, BBa-
)KaeMmo, Lo cTparterito 60poTbby 3 NOLWMPEHHSIM MiKO-
BakTepiosHoi iHdpekuii cnig BubygoByBaTh Ha niacTasi
KOMMMEKCHNX MiAXO0AiB i 3aBY4aCHO MnaHyBaTn 3axoau
NpodinakTukm Ta QiarHOCTUKW.

MNopanbLui gocnigykeHHs1 ekonorii Ta B3aemogil Miko-
BGaKkTepin 3 iIHWNMMK OpraHiaMamu, a TakoX MoLUyKu
HOBMX CMOCODIB i 3acobiB GOPOTLOM 3 iXHIMKU NaTOreH-
HUMU POpMaMK1, € HaA3BUYAMHO aKTyanbHUMU ANis Cy-
YacHOI HayKu.
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ral and climatic conditions, as well as the influence of anthropogenic factors. The risks to human health that are likely to be expected
from these microorganisms, as well as the necessary measures to prevent the realization of these risks, have been studied. The
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Qur jubilarians

IpnHen Bopucosny PaTtuy Hapoamscs 15 OBTHS
1939 p. B c. OpixiBeub [ligBonovmcekoro p-Hy TepHo-
ninbcbkoi 06rn. 1956—1959 pp. — cTyaeHT J1bBiBCLKOrO
300BETEPUHAPHOIO TeXHiKymy; 1959-1960 pp. — cTap-
wwn nabopaHT Bigainy Gioximii CinbCbkorocnogapcbKux
TBapuH IHCTUTYTY 3emnepobcTBa | TBApMHHMLTBA 3a-
XigHux paroHis Ykpainn; 1959—1966 pp. — cTyaeHT Be-
TepunHapHoro cakyneteTy JIbBIBCLKOro 300BETEPUHAP-
Horo iHCcTUTYTy; 1960—-1976 pp. — cTapwwmii nabopaHT
Ta MOnoALniA HayKoBU CniBpoBiTHWMK nabopaTopii di-
3i0M0riYHMX OCHOB YTPUMAHHS CiflbCbKOrOCnoaapChbkmx
TBapwH, a B nepiog 1976-1994 pp. — ctapwwun Ta
NpOBIAHUIA HaykoBUI cniBpobiTHUK nabopartopii 6inkis
i amiHokMcnoT [HcTuTyTY dpisionorii i Bioximii Cinbcbko-
rocnogapcbknx TBapuH HAAH; 1994—-1998 pp. — 3a-
CTYMHUK QUPEKTopa 3 HaykoBoi poboTun Ta B nepio
1998-2001 pp. — ampekTop IHCTUTYTY 3emnepobeTBa
i Gionorii TBapuH YAAH Ta IHCTUTYTY dpisionorii i Gioximii
cinbcbkorocnogapcebkux TBapuH HAAH. 3 2001 p. —
FOfIOBHMI HayKoBWU cniBpoBiTHUK nabopatopii isio-
norii, 6ioximii Ta >xmBneHHsa NTuui IHCTUTYTY Gionorii
TBapuvH HAAH. Y 1971 p. 3axuctmBe kaHAUAATCbKY AMC-
eprauito Ha TeMy «[locnigKeHHs NoKasHUKIB BinkoBo-
ro obmiHy B KpOBI i LUKipi TENAT 3a ynsTpadioneToBoro
ONpPOMIiHIOBaHHSA», a 'y 1994 p. oTpumaBs HayKoBuUi CTy-
NiHb JOKTOpPA CiNlbCbKOrocnogapCbkMX HayK Ha NigcTasi
3axMCTy MaTepianis, BUKnageHnx y moHorpadii «bio-
norivyHa porb Cipkv i MeTaboniam cynbdaTy y nTuui».
3 1994 pno 1998 pp. — 4neH ekcrnepTHoi pagun Buuwloi
arecTauiHoi Komicii Ykpainu. Y 1999 p. obpaHuin yneHom-
kopecnoHgeHToM HaLjioHanbHOT akagemii arpapHUX Hayk
YkpaiHu.

I. B. Patny 30cepenmB OCHOBHY yBary Ha BUBYEHHI
BMAIMBY LWUTYYHUX DKepern ynbrpadioneToBoro BMnNpo-
MiHIOBaHHSA Ha npouecu BiNKoBOro o6MiHy B LWKipi
i KPOBi MONOAHSAKY BENWKOI poraTtoi xygobw.

IpyHen BopucoBny BrepLue NPoBiB iMYHOXIMIYHY
iAeHTUdIKaLilo PO3YMHHUX NPOTEIHIB LUKIpW | cupoBaT-

Patnuy IpnHeeBi bopucosuyy — 85!

15 )xoemHs 2024 poky
OOKMOpY CirlbCbKO20CN00apchbKUX HayK, rnpogecopy,
4rieHy-kopecrioHoeHmy HAAH,
oupekmopy IHcmumymy (1998-2001 pp.),
3aCHOBHUKY HayKoe020 XypHarly «bionozis meapuH»
Pamuu4y IpuHeeegi bopucosu4y
eurnoesHursocs 85 pokis

KM KpOBI Benukoi poratoi xygobw. Nig yac imyHoenek-
Tpohopesy pO3YNHHUX NPOTEIHIB LLKIPU ONPOMiHIOBa-
HVX i HEOMPOMIHIOBaHUX TBAapUH BMSIBNEHA OgHaKoBa
KiNbKIiCTb Ayr npeuunitawii.

HoBsun etan HaykoBo-gocnigHoi pobotu I. b. Pa-
TMYa po3noyascs nicns nepexoay Ao nabopartopii
6inkiB i amiHokMcnoT. [locnigXeHHa Lboro nepioay
Oynu cnpsiMoBaHi Ha BMBYEHHSA OOMiHHUX NpoLuecisB
i NPOAYKTUBHICTb NTUL Y 3B’A3KY 3 NPOTEIHOBMM, aMi-
HOKMCITOTHMM Ta MiHeparnbHUM >XUBMEHHAM Pi3HUX Bi-
KOBUX, BUOOBMX i NPOAYKTUBHUX rpyn ATuui. Mowykm
HayKOBMX NigXoAiB 4O BMPILLEHHA NOCTaBNEHUX 3a-
BAaHb Aann MOXNMBICTb BNepLlle MeTodom aBTopa-
aiorpacdii amiHOKMCNOTHMX XpoOMaTorpam Kyps4oro
si€4Horo Binka BCTaHOBUTU BUKOPWUCTaHHSA MiHeparnb-
HOT CipKM, MiYeHOI 3a3°S, ons CUHTE3y LUUCTUHY BXe
yepes 24 rogunH nicng it napeHTepanbHOro BBEAEHHS.

MposepeHi |. b. Patnyem gocnigXeHHs 3 BUKOPUC-
TaHHAM pafioaKTUBHUX CiIPKOBMICHMX CMIOMNYK CTanu Te-
OPETUYHOIO OCHOBOK Afs NPAKTUYHOIO 3aCTOCYBaHHSA
MiHepanbHOI CiPKM Y XXUBMEHHI NTuL;.

IpuHen Bopucosuny PaTtuy € naypeaTtom npemii
iMm. C. 3. Ixuubkoro. Haropogxenun BigsHakot Kpa-
KiBCbKOrO arpapHoro yHiBepcuteTy 3a CrninbHi gocni-
OXeHHs1 Ta nybnikauii, Mo4vecHoto Big3Hakot YAAH,
mMegannto «3Hak nowanny MiHarpononitukmn Ykpainu,
[MoyecHoto rpamoToto KabiHeTy MiHicTpiB YkpaiHu,
rpamoToto BepxosHoi Pagu YkpaiHu, 3onoTvm repbom
micTa JIeBOBa Big Micbkoro ronosu JlbBoBa AHApIs
Caposoro, pamoToto Big rnaeum YkpaiHcbkoi [peko-
Katonuubkoi Liepksu BnaxeHHiworo CeaTocnasa 3a
«nnigHy 6araTopivyHy HaykoBY npadto, Lo yBiHYanacs
YncneHHMMKM 300ByTKamu B ranysi arpapHOi HayKu.

I. B. Patny ony6nikysas noHag 330 HaykoBuX
npaub, 7 KHWr, 2 NocibHMkM, 10 METOANYHMX PEKOMEH-
aauin, otpumas 11 aBTOPCbKUX CBIAOLUTB i NATEHTIB.
MMig noro KepiBHNLTBOM 3axuLlieHa Of4Ha OOKTOpCbka
Ta 6 KaHaMOATCbKNX gucepTauin.

Konekmue npauieHukie IHcmumymy 6ionoeii meapuH HAAH wupo eimae rosinsipa,
3U4UmMb MiUHO20 300p08’s1 | meop4yo20 doszonimmsi!



IHCTUTYT BION10T1I TBAPUH HAAH
NMPOBOAMUTD:

o [JocnimkeHHa BioXiMiYHMX NOKA3HMKIB
(ananizatop Humalyzer 2000, Hime4y4nHa)

o [emaTtonoriyHun aHanis
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o IMyHObepMeHTHI JocnigxeHHs
(ananizatop Stat Fax 3000, Hime4unHa)

o OuiHka penpoayKTUBHOI 34aTHOCTI TBapWH,
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o ATOMHO-abcopOuinHu | aTOMHO-EeMICIMHMI aHani3
KOHUEHTpaUil XiMiYHNX efleMeHTIB

o AHani3 opraHiyHnx gobpus L

OpraHi3oBye npoBeAeHHs1 AOCioKXEHb Ha NabopaToOpHUX TBapUHax
| Hagae kBanigikoBaHy iHTepnpeTaLito OTPUMaHUX pesynbsTarTiB.

* MOXIu8e rpo8edeHHs IHUWUX O0CITIOXKEHb
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e-mail: markinfo@inenbiol.com.ua
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3anpouwyemMmo po3mMmicTuTm peknamy Bawoi komnaHii
Ha CTOpiHKaxX HayKoBoro XypHany «bionoria tBapumH»!

Mw rotosi cniBrnpautoBaT 3 Bamu anga cTBOPEHHS e(PeKTUBHOI pekSiaMHOI cTpareril,
sika Bignosigae Bawunm notpebam i 6rogxery.

[MponoHyeMOo pi3Hi BapiaHTV pO3MILLEHHS peknamu, 3oKkpema baHepu, OronoLLEHHS
abo cTaTenHO-peknamHi maTtepianu.

Peknama B Halwomy xXypHani 4o3sonutb Bam:

" 3aNny4Y1Tn yBary HaykoBuUiB i paxiBuiB 4o Baluol komnaHil Ta npoaykuit;

" NiABULWMTK Bri3HaBaHICTb 6peHay Ta No3nLioHyBaHHA Balloi KOMNaHil Ha PUHKY;
" 3aNy4UTN HOBUX KNIEHTIB | po3wmpnTi Bawly KnieHTCbKy Gaay.

Mpono3uuii go cnisnpaui Ha 2024 pik:

" peknamMHum 6nok Ha Y2 ctopiHkn — 1000 rpH B 04HOMY HOMEPI XYypHany,
2500 rpH y TpbOX HOMepax XypHarny.

» peknamHum 6nok Ha 1 ctopiHky — 2000 rpH B 04HOMY HOMEPI XypHany,
5000 rpH y TpbOX HOMepax XypHarny.

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



