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The article contains the experimental studies of the liposomal drug based on plant raw
materials — hypericum (Hypericum perforatum L.) effect on the intensity of oxidative modification
of proteins (OMP) in the blood and milk of cows with subclinical mastitis. Studies have shown
that cows with signs of subclinical form of mastitis in the serum have an increase in the content
of aldehyde-derived OMP5;, and ketone-derived OMP 3, respectively, 1.3 and 1.2 times relative
to similar indicators in healthy animals. In the milk of sick cows, the content of derivatives OMP4,
and OMP,;, was1.99 and 2.29 times higher, respectively, than in animals of the control group. At
the beginning of the study sick cows’ milk was recorded a significantly low value of the activity of
the enzymatic link of antioxidant protection — superoxide dismutase. At the same time, a 2.6-fold
(P<0.001) increase in the number of somatic cells was noted compared to their number in the milk
of clinically healthy cows. Intracisternal injection of liposomal drug to cows caused a decrease in
the intensity of oxidative processes. In the blood of sick cows the content of aldehyde derivatives
OMP;;, on the 9 day of the experiment was 23.1% (P<0.05) less than before the drug, and in
milk the content of OMP3,, decreased by 61,8% (P<0.01). Similar changes were observed with
respect to the level of ketone derivatives. In particular, on the 9th day of the experiment, the content
of OMP,3, decreased by 11.7% (P<0.05) compared with its value in the blood of sick animals before
the introduction of the study drug, and in milk it decreased by 64.2% (P<0.01). During the treatment
on the 9™ day of the experiment, the number of somatic cells in milk decreased by 41.8% (P<0.01).
In the course of treatment on the 3 and 9" day there was a tendency to increase superoxide
dismutase activity in the milk of sick cows compared with the beginning of the experiment. Thus,
intracisternal injection of liposomal drug to cows with subclinical mastitis leads to a decrease
in aldehyde and ketone derivatives of proteins oxidative modification in serum and milk. At the
same time, an increase in the activity of the enzymatic link of antioxidant protection and a de-
crease in the number of somatic cells in the milk of cows were recorded.

Key words: cows, subclinical mastitis, somatic cells, oxidative modification of proteins,
liposomal drug

The problem of cattle mastitis in Ukraine is defined
by researchers as the main issue of the livestock in-
dustry. Because ofthe widespread spread of udder
diseases among cows, dairy farming and processing
industry suffer significant economic losses due to re-
duced dairy productivity, deteriorating quality of milk
and dairy products [11].

The Animal Biology, 2021, vol. 23, no. 2

Milk undergoes significant physicochemical changes
during mastitis which seriously affects the technological
processes of its processing into dairy products, espe-
cially reducing their quality [10].

Any pathological processes in the body are accom-
panied by the activation of free radical processes in the
tissues and organs of a sick animal. Free radicals in-
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clude compounds that contain unpaired electrons and
have a much greater reactivity to their non-radical coun-
terparts [8, 13]. All functionally important free radicals
that are formed in the body contain oxygen.

These compounds are combined by the term “reactive
oxygen species” (ROS). The main forms of ROS gener-
ated in a living organism are: superoxide radical, hydroxyl
radical, nitric oxide, peroxyl radical, hydrogen peroxide
and others. The main forms of ROS are primarily normal
components of cellular metabolism and perform certain
biological functions. Their reactive aggressiveness is re-
strained by a powerful antioxidant system. However, with
the development of pathological processes, this balance
is disturbed in the direction of uncontrolled synthesis of
ROS, which ends with the formation of oxidative stress.

It is established that under conditions of oxidative
stress and excessive ROS generation, the processes of
proteins uncontrolled modification develop, causing pro-
tein fragmentation, their denaturation, as well as the for-
mation of primary amino acid radicals, which then enter
into secondary interaction with neighboring amino acid
residues. All these in totalcreate a difficult situation of the
damaging effect of ROS on protein macromolecules. This
leads to the loss of proteins biological activity and disrup-
tion of metabolic, in particular regenerative processes [4].

In view of the various functions of proteins in ani-
mals, as well as taking into account the data of literature
sources on the primary damage of protein molecules
ROS [1, 6], the study of peroxidation processes, es-
pecially proteins, is important.

Destruction of cellular proteins in the process of oxi-
dative modification of proteins (OMP) in proteosomes
leads to cell death [12], i.e. a direct link between the pro-
cesses of OMP and many diseases is established [15].
It is believed that the level of OMP compared to the level
of lipid peroxidation (LPO) is a more informative marker
of the presence of oxidative stress in the body [16].

Both LPO and OMP are normal functional process-
es in the body that involve vital functions. Moreover, the
processes of OMP are largely associated with protec-
tive and adaptive reactions of the organism. However,
the violation of protective reactions leads to a decrease
in the body’s resistance. Thus, oxidative modification of
proteins plays a key role in the molecular mechanisms
of oxidative stress, which is an important part of many
pathological processes in the body in various diseases
and requires further study. The aim of the study was to
determine the effect of liposomal drug on the intensity
of oxidative modification of proteins in blood and milk,
as well as on superoxide dismutase activity in the milk
of cows with subclinical mastitis.

Materials and Methods

We hereby declare all ethical standards have been
respected in the preparation of the submitted article.
Permission to use animals approved by the State

Agrarian and Engineering University in Podillya in ac-
cordance with the European Convention for the Pro-
tection of Vertebrate Animals used for experimental
and other scientific purposes.

Experimental studies were conducted at LLC “Lany-
Vinkovechchyna” (Khmelnytsky region) on cows which
were divided into two groups: control (healthy animals)
and experimental, 7 animals in each group, based on
the analogue’s principle. The experimental group was
formed from animals with subclinical mastitis (CM) [2].

Subclinical mastitis was determined by the reaction
of secretion from each quarter on a milk control plate
with 2% solution of mastidine. Cows of the experimen-
tal group in the affected quarters of the udder were
injected intracisternally liposomal drug three times with
an interval of 24 hours — the first day 10 cm?3, the next
two days — 5 cmd. Before the drug injection cowswere
milked by hand, the teats were disinfected. After drug in-
jection, the udder was massaged from the bottom to the
top for its even distribution. The cows were transferred
to manual milking. Half of the therapeutic dose was pro-
phylactically injected to healthy quarters of the udder.

A liposomal drug made on the basis of plant raw
materials is an antibacterial preparation developed in
the laboratory of immunology of the Institute of Animal
Biology NAAS. The composition of the drug: novo-
imanin — extract from Hypericum perforatum L., vita-
mins A, Ds, E, lecithin, twin. The drug is active against
gram-positive bacteria including Streptococcus pyogenes
and Streptococcus agalactiae. The anti-inflammatory
effect is due to the presence of flavonoids in the drug.
It has the ability to heal the wound surface and stimu-
lates tissue regeneration [3].

For biochemical studies, cows were bled from the jug-
ular vein before morning feeding on the 1t day (before
drug injection), on the 3 and 9" day after its use.

The level of oxidative damage of proteins was eval-
uated by the content of aldehyde (OMP;;,) and ketone
derivatives (OMP,,) of oxidative modification of proteins
in reaction with 2,4-dinitrophenylhydrazine [7]. Super-
oxidedismudase activity in cows’ milk was determined
by the method described by E. E. Dubinina [5].

To control the recovery of milk quality, we used the
analyzer AMB 1-02 designed to measure the condi-
tional milk stickiness and calculate the concentration
of somatic cells in it [9]. Statistical data processing was
performed using Microsoft Excel software.

Results and Discussion

Free radicals with high reactivity are formed as a re-
sult of metabolic transformations of substances under
the action of pathogenic factors in the body of animals.
Formed in the body, they interact with the components
of the cell, cause damage to cell membranes, thus
accompanying the development of the pathological
process. Protein degradation is a more reliable mark-
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er of oxidative tissue damage than lipid peroxidation
products (LPO) because protein oxidative modification
(OMP) derivatives are more stable.

As a result of our research, it was found that before
treatment animals with signs of mastitis have blood
content of oxidative modification of proteins, namely:
aldehyde-derived OMP;;, and ketone-derived OMP 43,
thatis 1.3 and 1.2 times higher than the blood of con-
trol cows groups (table 1). The introduction of the stud-
ied liposomal drug caused a decrease in the intensity
of oxidative processes, as indicated by a decrease of
23.1% (P<0.05) of aldehyde derivatives OMP, in the

experimental group cows blood on the 9" day of the
experiment than before the introduction of liposomal
drug. Similar changes were observed with respect to
the level of ketone derivatives. Thus, on the 9" day
of the experiment, the content of OMP,;, decreased
by 11.7% compared with the value of this indicator
in the blood of sick animals before the introduction
of the study drug (P<0.05). These data indicate the
inhibitory effect of the components of the studied lipo-
somal drug on the intensity of oxidative modification
of proteins in the blood of cows with subclinical mas-
titis [14].

Table 1. The content of aldehyde and ketone starting oxidative modification of proteins in the serum of cows (M+m; n=7)

Parameters Control group

Experimental group

" o
before treatment 31 day of treatment ey e i el
of treatment
OMPs7,, . 21.34+1.64 27.46+1.23* 24.53+2.05 21.45+1.96*
nmol/mg protein
OMPaso, 32.18+1.32 38.65+2.08* 37.6+2.06 32.92+2.35*

nmol/mg protein

Note. * — P<0.05 — probability in animals of this group compared to the indicators before drug injection (1t day of the experiment);
** — P<0.05 — the difference is significant compared to the control group data.

Research has shown that before treatment cows
with signs of mastitis have the content of derivatives
OMP3;, and OMP 3, in milk 1.99 and 2.29 times higher
compared with similar indicators of cows in the control
group (table 2).

The content of both aldehyde and ketone derivatives
of oxidative modification of proteins in cows’ milk proba-
bly decreased in the dynamics of treatment, which is
also an important diagnostic indicator of normalization of
the intensity of oxidation processes and confirms the ef-
fectiveness of the study drug. Thus, the content of alde-
hyde derivatives OMP3,, in the milk of the experimental
group cows on the 3 and 9" day of the experiment was
36.8 and 61.8% (P<0.01), respectively, less than before

the drug injection. Similar changes were observed with
respect to the level of ketone derivatives. In particular,
on the 3 day of the experiment, the content of OMP 3,
in milk decreased by 40.6%, and on the 9" — by 64.2%
(P<0.01) compared with the value of this indicator in sick
animals before the introduction of the study drug.

On the 34 and 9" day during treatment, there is a ten-
dency to increase superoxide dismutase activity in the
milk of the experimental group animals compared with
the indicator at the beginning of the experiment. The ob-
tained results confirm that the components of the drug
cause a regulatory effect on the intensity of oxidation
and maintenance of pro- and antioxidant balance in
the body of sick cows.

Table 2. The content of derivatives of oxidative modification of proteins and superoxide dismutase activity in cow’s milk (M+m; n=7)

Parameters Control group

Experimental group

9 day from the beginning
rd

before treatment 31 day of treatment of treatment
OMPsro, 7.78+1.84 15.4742.25% 10.12+1.54 6.25+1.16"
nmol/mg protein
OMPug, . 6.14+1.72 14.06£2.08** 8.65:1.43 5.32+0.96"
nmol/mg protein
SOD, 11.96+1.86 11.84+2.34 12.3411.65 13.47+1.85

unit of action/mg min.

Note. In this and the next table * — P<0.01 — probability in animals of this group compared to the indicators before drug injection
(1t day of the experiment); ** — P<0.001 — the difference is significant compared to the control group data.
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Before treatment a significant increase in the num-
ber of somatic cells of 2.6 times (P<0.001) is observed
in the milk of the experimental animals group, compared
with clinically healthy animals, which is associated with
the subclinical form of mastitis (table 3). The introduc-
tion of the studied liposomal drug revealed a decrease
in the number of somatic cells from the third day of treat-
ment, and on the 9" day of the experiment the number

Table 3. The content of somatic cells in the milk of cows (M+m; n=7)

of somatic cells in the secretion of the mammary gland
of the experimental group cows was lower by 41.8%
(P<0.01) than in the beginning of the experiment, and
differences compared to animals in the control group
were not significant. These data indicate a normaliz-
ing effect of the study drug components on the content
of somatic cells in the milk of cows suffering from a sub-
clinical form of mastitis.

Experimental group

Parameters Control group N _—
before treatment 3rd day of treatment E day;ﬁ?;;?;:ﬁ?'mmg
SC, - . .
thousand/cm? 259.3+40.05 667.9+64.9 573/7+52/08 388/7+44/97

Thus, the use of liposomal drug contributed to a pro-
longed decrease in the intensity of oxidative processes,
as well as the number of somatic cells in milk, due to
both normalizing and stimulating effect of drug compo-
nents on the activity of these protective mechanisms
in cows suffering from subclinical mastitis.

Conclusion

Intracisternal injection of the studied liposomal drug
to animals led to a decrease in the content of products
of oxidative modification of proteins (P<0.05-0.01). At the
same time, the use of the drug caused a decrease in the
number of somatic cells in the milk of cows by 41.8%
(P<0.01) with a simultaneous increase in superoxide
dismutase activity compared to pre-treatment values.

Prospects for Further Research

Itis planned to conduct a comprehensive functional
study of immunocompetent cells, under the conditions
of using a new complex liposomal drug in the treatment
of cows with a clinical form of mastitis.
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Bnnue ninocomanbHOro npenapary Ha iHTEHCUBHICTb nNpoueciB OKUCHOI moaudikauii npoTeiHiB
3a cy6KniHiYHOro MacTuTy KopiB
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"TofinbCbKNUN AepXaBHWUIN arpapHO-TEXHIYHUIA YHIBEPCUTET,

Byn. LLeeueHka, 13, M. Kam’siHeup-INoginbcbkuii, XmenbHuubka obn., 32316, YkpaiHa

2lncTuTyT Gionorii TBapmMH HAAH,
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3[1bBIBCbKWUIA HAUOHANbHWUIA arpapHUn yHIBEPCUTET,

Byn. Bonognmupa Benukoro, 1, M. [lybnsiHu, XKoBkiBcbkuin p-H, JIbBiBcbka 0bn., 80381, YkpaiHa

HaBepeHi pesynsrati ekcnepMMeHTanbHUX AOChiaXeHb BMMBY MinocomManbHOro npenapary, BUrOTOBMEHOro Ha OCHOBI poc-
TNIVHHOT CMPOBUHM, 3Bipoboto NpoaipsasneHoro (Hypericum perforatum L.), Ha iHTEHCMBHICTb NPOLIECIB OKUCHOT MoaMdiKkaLii npoTeiHiB
(OMIM) y kpoBi Ta MornoLi KOpiB, XBOPUX Ha CyBkniHiYHY chopMy MacTuTy. [ocnigkeHHst nokasanu, Lo Y KOpiB 3 03HaKaMu CyOKmMiHIYHOT
dopMM MacTuUTy B CMpPOBAaTLL KPOBi KOHCTATOBaHO MiABULLEHHS BMICTY anbaerigonoxigHux OMIs,yi keToHonoxigHux OMI,;, — Bigno-
BigHO, B 1,3 i 1,2 pa3sa o040 aHanoriYHNxX NoKas3HUKIB y 300poBMX TBApPUH. [pun LibOMY y MOMoLi XBOpUX kopiB BMICT noxiaHux OMTIs,,
Ta OMIM,3 6yB B 1,99 i 2,29 pa3a 6inbLuMi, HiX y TBAPUH KOHTPOILHOI rpynu. Ha noyaTky AocnigKeHHs1 y MoroLi XBopux KopiB 3adik-
COBaHO BipOriHO HW3bKe 3HAYEHHsI NOKa3HWKa aKTUBHOCTI EH3MMHOI NaHKM aHTUOKCUAAHTHOIO 3aXMCTy — CyNnepoKCUaAMCMYTasu.
BopHouac koHcTaToBaHo 36inblweHHs y 2,6 pasa (P<0,001) KinbkoCTi COMaTUYHMX KMITUH MOPIBHAHO 3 iX KiNbKICTIO Y MOSOL KIiHIYHO
300pOBUMX KOPIB. IHTpauncTepHanbHe BBEAEHHS KOpOBaM MiNocoManbHOro npenaparty CnpUYMHANO 3HMKEHHS iHTEHCUBHOCTI OKMC-
HMX NpoLeciB. Y KPOBi XBOPUX KOPIB BMICT anbaerigHux noxigHux OMI,;, Ha 9-Ty o6y ekcnepumeHTy 6yB Ha 23,1% (P<0,05) meH-
LMK, HiXX A0 nodaTKy BBeAEHHsI npenapary; B moroui BMicTOMI 3, 3MeHwWwmBest Ha 61,8% (P<0,01). AHanorivHi 3MiH1 KOHCTaTOBaHO
LLOAO PiBHSI KETOHOBMX NOXiAHWX. 30Kpema, Ha 9-Ty 400y ekcniepumeHTy BMIiCT OMI 3, 3HM3MBCSA Ha 11,7% (P<0,05) nopiBHsAHO 3 1oro
3HAYEHHSIM y KPOBi XBOPWX TBapvH 0 BBEAEHHS AOCHIAKyBaHOro npenapary, a B Mool ctaB MeHWwuM Ha 64,2% (P<0,01). 3a npo-
BeAEHOro NikyBaHHSA Ha 9-Ty 0Oy eKCnepuMEHTY KifNlbKiCTb COMaTUYHMX KIITUH y Moroui 3Hmu3unack Ha 41,8% BigHOCHO noyaTky
pocnigy (P<0,01). Y npoueci nikyBaHHst Ha 3- i 9-Ty 406U BUSIBNEHO TEHAEHLO A0 NiABULLEHHS CYNEPOKCUAANCMYTa3HOT aKTUBHOCTI
y MOJSIoLji XBOPMX KOPiB MOPIBHSIHO 3 NoKa3HWKaMu Ha noyatky gocnigy. OTxe, iHTpauMcTepHanbHe BBeAEHHS NinocoMaribHOro rnpe-
naparty KopoBam, XBOPUM Ha CyOKMiHIYHY hOpMy MacTuTy, NPpU3BOAUTL A0 3HWXKEHHS anbAerigHNX Ta KETOHOBUX MOXiLHUX OKUCHOT
moaumdikauii NpoTeiHiB y cupoBaTui KpoBi Ta monoui. Npu uboMy 3adikcoBaHO NiABULEHHSA aKTUBHOCTI €H3UMHOI JTaHKN aHTUOKCU-
OAHTHOrO 3aXMUCTY Ta 3HUXKEHHS KINbKOCTi COMaTUYHMX KMNiTUH Y MOMOLi KOpiB.

KnouyoBi cnoBa: kopoBu, CyOKNiHIYHMIA MaCcTUT, COMaTUYHI KNITUHK, OKUCHA MoauMdikalisi NpoTeiHiB, ninocoMansHWin npenapat

Chepurna VA, Suprovych TM, Vishchur Ol, Mizik VP, Solovodzinska 1Y. Influence of liposomal drug on the intensity of proteins oxide
modification processes in subclinical mastitis of cows. Biol. Tvarin. 2021; 23 (2): 3—7. DOI: 10.15407/animbiol23.02.003.
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Innovative technology of obtaining organic marble beef
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14 V. Vernadsky str., Dnipro, 49009, Ukraine

The aim was to develop an innovative technology for obtaining high-quality organic marble
beef. In the experimental farm “Polyvanivka” of the Institute of Grain Crops NAAS the cultivation of
bulls of the gray Ukrainian breed up to 30 months of age has been organized using fodder which
is traditional for steppe zone of Ukraine. The work has been performed according to the research
program of the National Academy of Agrarian Sciences of Ukraine no. 37 “System of work in popu-
lations and conservation of biological diversity of genetic resources of farm animals” (‘Preservation
of breed gene pool”). The expediency of organic production of high-quality marble beef obtained
in the steppe zone of Ukraine from gray Ukrainian cattle has been proven. This breed has such
economically useful features as the duration of production use, longevity, high growth energy
(stable average daily gain over 1 kg), and the conversion of diet into products (feed consumption is
70-80 MJ per 1 kg of growth) correlating with the age of the animal, slaughter rates (>60%, meat
contentis >4 kg per 1 kg of bones, hard skin is >30 kg which belongs to the category of bull production).
We have found that it is necessary to determine the cattle fatness not by subcutaneous fat which
has no dietary value, but by the beef marbling as a sign of its quality which takes into account the
presence of intramuscular and intermuscular fat including unsaturated fatty acids, vitamins A
and D, as well as the amount of protein and moisture and taste and culinary features of the carcass
flesh, such as tenderness, juiciness and aroma. This meets the requirements of the consumer.
The proposals based on the results of research on technological changes in animal husbandry
promote the development of meat cattle breeding and are of great economic importance for

strengthening the health of the population and food safety in Ukraine.

Key words: breed, bulls, age, growth energy, live weight, slaughter rates, beef, organic
products, muscle, adipose tissue, marble meat, quality

Beef always was and will be one of the staple foods
for humans. The medical norm of beef consumption is
31 kg per year. In Ukraine it was actually consumed
less than 10 kg in 2020 [8]. In order to increase live-
stock productivity and make a large profit, most livestock
enterprises introduce intensive production technologies
using growth stimulants and even interfere in the animal
genome. Such beef does not bring the expected bene-
fits to the consumer who wants it to be environmentally
friendly, tender, fragrant, juicy.

Therefore, scientists have developed an alternative
concept and proposed the term “organic products”, the
main feature of which is the valuable biological quality
and health properties obtained in the absence of chem-
icals and veterinary drugs [1]. In recent years, the stan-
dard of organic animal husbandry has been spreading
around the world, based on closed agricultural systems
and minimal use of energy sources.

In Ukraine such production also doubles every year,
both in terms of production and the number of enterpris-
es that conduct and certify the industry as organic. This
is facilitated by the demand for such products both in the
domestic market and for export. In accordance with the
Program of Harmonious Development of the country in
the XXI century, the initiative group “Agro-Organic Club”
has developed a project of environmentally friendly
and competitive agriculture, which maintains the bal-
ance of the environment and clean food.

The resolutions of the Council of the European Union
set out the principles of organic animal husbandry, which
provides for loose housing with maximum access to
pastures, low livestock load per unit area, taking into
account its ethological features, creating comfortable
conditions for growing (microclimate, litter), concentrat-
ed feed in the diet for nutrition should not exceed 40%
and it is allowed to use vitamin and mineral supplements
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(premixes) only when the need for them can not be met
by natural feeds and pastures (the use of artificial amino
acids, hormonal drugs, stimulants, extracted components
of feed and antibiotics is generally prohibited).

Many farmers in France, Canada, Switzerland, the
United States and other countries raise livestock in
accordance with these requirements [4]. Of course,
the implementation of these principles leads to some
increase in production costs. In some agricultural
enterprises in Germany, Great Britain, Austria, Poland,
the cost of such beef has increased [6].

However, the demand for it increases every year and
economic efficiency increases due to higher sales prices.
Despite the higher costs, organic livestock production
in Ukraine is also becoming especially relevant because
a large share of beef, unfortunately, comes to the market
from dairy cattle which is not the highest quality [11]. At the
domestic legislative level, the Ukrainian Parliament has
adopted a relevant law that defines the legal, economic,
social and organizational framework for organic agricul-
ture (including livestock) for the receipt, processing, certi-
fication, transportation, storage and sale of products and
raw materials, aimed at protecting public health and the
environment [7, 9]. Today there are already agricultural
formations in Dnipropetrovsk, Kyiv, Poltava and other
regions of Ukraine where these requirements are met.
But the prices have not yet been settled.

Materials and Methods

In order to confirm this, we organized the cultivation
of gray Ukrainian breed bulls (n=15) up to 30 months
in the experimental farm “Polyvanivka” of the Institute
of Grain Crops NAAS in compliance with the require-
ments of organic production. Slaughter of animals was
carried out at one and a half-, two- and 2.5 years of age
for 5 heads. Zootechnical, statistical, biometric research
methods were used.

Results and Discussions

Particular attention was paid to the amount and topo-
graphy of fat because age-related deviations in the pres-
ence of moisture, protein and dry matter in the carcasses
were natural. The meat ratio (the ratio of pulp mass to
bone mass) ranged from 5.1 at 18 months of age to 4.8
at 30 months of age.

The quality of the pulp was determined by its fat,
protein and moisture content. The process of fat depo-
sition in the body of cattle occurred simultaneously
and unevenly throughout the body of the animal. Intra-
muscular fat, which contains unsaturated fatty acids,
vitamins A and D, provides the greatest nutritional, di-
etary value and marbling. They give beef tenderness,
juiciness, aroma and good culinary and technological
qualities.

The Animal Biology, 2021, vol. 23, no. 2

Marble beef is valued for nitrogenous extractives,
biotin, pantothenic acid, essential amino acids which
increase the secretory function of the human gastro-
intestinal tract and improve digestibility. The content of
these substances is higher than in other types of meat
(including beef dairy breeds). The presence of trace
elements in such meat inhibits the formation of chole-
sterol in the blood [12].

Beef is called marbled because of the fat between
the muscle fibers so the muscles resemble a pattern of
marble with light layers. The degree of marbling is deter-
mined by cutting the longest muscle of the back in the
carcass between 12 and 13 ribs: the more intramuscular
fat there is, the higher is the marbling. The following
categories of marbling are accepted in the world in
ascending order: select, choice, prime. Each of them also
has ascending subcategories “A” and “B”, in which the
marbling is determined from 1 to 5 points (the highest
quality “A5” is top of the top).

All the fat in the body of cattle is successively de-
posited first of all under the skin, then around the kid-
neys, stomach, intestines, heart and only after that in
the middle and between the lumbar muscles which are
less “working”. It has a yellowish or grayish color, melts
during cooking (temperature processing) giving the
meat juiciness, tenderness and aroma [3].

The cattle breed, both imported and domestic which
include the gray Ukrainian, should be specialized in the
direction of meat productivity. It is suitable for such eco-
nomically useful features as the duration of production
use, longevity, high growth energy (for fattening up to
1200g/day), proportionality of the physique, the harmo-
ny of muscle development (uniformity index 0.74), at
30 months of age bulls reach live weight up to 700 kg,
amino acid value of protein in beef.

Livestock technology plays an important role in the
production of organic marble beef. More than 120 differ-
ent technologies are known [10]. Each of them has its
own characteristics and the right to exist. But they also
have common elements. At the same time, the inter-
national scientific community is in need of developing
new environmentally friendly technologies for livestock
production. In this regard, in the steppe zone of Ukraine
we have developed, tested and implemented low-cost
ethologically-based organic technology for raising cattle for
meat. Its significance lies in the fact that throughout the
spring-summer-autumn period (from March to November)
the animals are kept free of charge 24 hours a day
without feeding with compound feeds on a large fenced
area (2 hectares of natural pastures per 1 animal)
without shepherds. The use of any premises, equipment
(fuels and lubricants), electricity is excluded.

At the same time, labor costs per 1 quintal of growth
are 3—4 people/hour, which is 10 times less than the
average in the Dnipropetrovsk region. Animals up to
8 months were raised on suckling with their mothers,
then on free grazing to a live weight of 300-350 kg, and
then transferred to a feeding area or on a leash (or in
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a separate machine) to limit movement, which leads to
loss growth (including intramuscular fat). At this time,
more carbohydrates (corn, barley, special feeds) were
added to the feeding rations including biologically active
and aromatic substances [5].

Naturally, the rate of fat synthesis in cattle with age
gradually outpaced muscle tissue, its total amount in
the body increased, including intra- and intermuscular.
Its mass in the flesh of the carcass also increased, which
was a characteristics of the beef marbling (table).

Table. Marbling of meat of gray Ukrainian breed bulls

Age, months
Indicator
18 24 30
Number of animals, n 15 10 5

Carcass weight, kg 323.5+£3.83 359.6+5.61 380.0+9.14

Mass of pulp

. 270.842.94 296.2+4.73 314.6+8.71
in the carcass, kg

Proportion of pulp

P —— 83.71 83.09 82.80
Mass of fat 336£1.40 41.7+1.72  49.01.61
in the carcass, kg
Piepaniten o i 1044111 11.6£1.30  12.9+1.41
in the carcass, %
Mass of internal 18.8+1.40 22.7+172  27.0+1.64
muscle fat, kg
Proportion of internal
muscle fat:
in the carcasses, %  5.8+1.08 6.31+1.21 7.1£1.30
in the pulp, % 6.9+£1.60 7.7£1.70 8.6+2.11
Celois Eoilin 9.0:0.81  9.8:0.90  14.01.32
of 1 kg of pulp, MJ T T T
Pulp acidity, pH 6.5+£0.10 6.0£0.10 5.910.10
Pulp tenderness, % 0.48+0.02 0.43+0.02 0.40+0.01
Pulp boiling, % 35.7+1.80 33.611.61 31.8£1.70

But the proportion of the most valuable flesh in the
carcass remained almost stable (2.5%) for 2.5 year
of the bull’s life, and the mass of intramuscular fat ac-
cumulated and was heavier than all the fat in the car-
cass. Marbling and caloric content of beef correlate
with the age of the animals. Compared to 18 months
of age, the total amount of fat increased by 22%, and
in the flesh by 1.5 times.

The coefficient of marbling of beef (the ratio of the
mass of intramuscular fat to the mass of flesh) also
increased more intensively, and this attracts the con-
sumer even with increasing its caloric content because
the juiciness, aroma and tenderness of meat remain
optimal without changes and culinary qualities (boiling)
are improving. Normal acidity indicates the possibility
of long-term storage.

10

It has been proven that it is better to raise bulls than
heifers. They differ in the physical and biochemical struc-
ture of all tissues and the energy of growth — in the body
of bulls less moisture and more dry matter; as a result,
the meat is more complete. They have higher viability.
It is advisable to slaughter them at the age of 2-2.5 years.
The slaughter yield is 60% or more, and the ratio of total
fat to protein — 1.5-2.0 that is liked by the consumer.

Veal meat of bulls up to one year old has almost
no intramuscular fat layers and cannot be marbled.
This is due to the fact that in a young body the synthesis
of muscle tissue (protein) precedes the synthesis of adi-
pose tissue, and with age, on the contrary, the synthesis
of adipose tissue gradually outstrips muscle growth and,
thus, the salting of the carcass. Veal is a dietary product
that is especially useful for children and people with
impaired gastrointestinal tract.

Marble meat matures better in bran and lasts at least
two weeks at { 0...+2°C under the action of biochemical
processes. Fermentation destroys the fibers, the meat
becomes tender and closer to the “reference protein”,
the composition of which is proposed by the FAO/WHO
balanced in amino acid composition.

In international practice, two systems of evalua-
tion of marble meat have been acquired: American
(BMS — 12-point standard) and Japanese (5-point scale).
The Australian beef rating system is based on similar
principles but defines only three categories — from 3
to 5 stars. European scientists, including Ukrainian,
conduct research to determine the limit parameters
of the composition of organic marble beef [2].

In Ukraine, more than 100 farms operate on the
principles of organic production in Dnipropetrovsk,
Zaporizhia, Donetsk, Kirovohrad and other regions,
who understand that maintaining the existing high fer-
tility of arable land is possible only through organic and
not chemical fertilizers. The obtained products become
a special national feature of our state among the coun-
tries of the international community.

Organic livestock is more natural for animals. High
concentrations of livestock in limited areas and unbal-
anced feeding reduce the resistance and productivity of
animals and product quality, which has a negative impact
on the economic efficiency of the industry. Therefore, tech-
nological changes in beef production are very urgent.

Conclusions

1. Gray Ukrainian breed with observance of the cor-
responding technology gives organic marble beef.

2. Different specific gravity of intramuscular fat of
carcass flesh allows to classify beef by marbling. Deter-
mining the fattening of cattle for irrigation does not meet
consumer demand and needs to be clarified in the direc-
tion of determining the amount of intramuscular fat.

3. The introduction of the marbling coefficient will
help accelerate the development of beef cattle breed-
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IHHOBaUiMHa TeXHOsOrisA ogepXKaHHA OpraHivHOI MapMypOBOi ANTIOBUYUHU

B. C. Kosup
izkzo03337@gmail.com

[epxaBHa yctaHoBa «IHCTUTYT 3epHOBUX KynbTyp HAAH»,
Byn. B. BepHaacbkoro, 14, m. Hinpo, 49009, YkpaiHa

MeTa — po3pobuTi iHHOBALLINHY TEXHOIOTI0 OAEPXaHHS BUCOKOSIKICHOI OpraHiyHOi MapMypoBOI SNIOBUYMHW. Y [OCAiZHOMY rocno-
napctsi «[MonuBaHiBka» IHCTUTYTY 3epHoBUX KynbTyp HAAH opraHisyBanu BUpOLLYBaHHS GyranLiB Cipoi ykpaiHCbKOi nopoau BEMUKOT
poratoi xyno6u Ao 30-micsi4HOro Biky 3 BUKOPUCTaHHSIM TpaaMLiiHMX KOPMIB CTENOBOI 30HM YkpaiHu. [Mpy LiboMy BUKOPUCTOBYBanu 300-
TEXHIYHi, CTaTUCTWYHI, BiomMeTpryHi MeToamn gocnimpkeHb. PO6OTY BUKOHAHO 3riHO 3 Mporpamoto HaykoBMX AocnigeHb HauioHanbHoi
akagemii arpapHux Hayk Ykpainn Ne 37 «Cuctema poboTtu B nonynsiuisix i 36epexxeHHsi 6ionoriyHoro pisHOMaHiTTS reHETUYHUX pecypciB
cinbcbkorocnogapcbkmx TBapuH» («36epexeHHs reHodoHay nopigy). [loBeaeHo AOLiNbHICTE OpraHiyHoOro BUPOBHMLTBA BUCOKOSIKICHOT
MapMypOBOI AITOBUYMHW, OAEePXXaHoi B yMOBaXx CTEMNOBOI 30HM YKpaiHu Bif Cipoi yKpaiHCbKOi Xyaobw, sika Mae Taki rocriofapcbko KOPUCHI
03HaKK, K TPUBanicTb BUPOOHMYOrO BUKOPUCTaHHS (BeCATb i BinbLue oTeneHb), 4OBropocnicTb (MoHaA M'siTb POKIB), BUCOKI EHEeprito poc-
Ty (cTabinbHi cepenHbO0060BI MPMPOCTM XMBOI Macu noHad 1 Kr) Ta KOHBepCilo pauioHy B npogykuito (BuTpaTtu kopmiB— 70-80 MOx
Ha 1 Kr npupocTy), KOpento4mM 3 BikOM TBapuH, 3abilHi nokasHuku (noHag 60%, koediuieHT M’ACHOCTI NoHaA 4 Kr Ha 1 Kr KiCTOK, BaKi
wikipy — noHag 30 kr, siki HanexaTb 40 KaTeropii «buunHay). [loBegeHo HeobXigHICTb BU3HAYEHHS BIO4OBAHOCTI BENUKOI poraToi Xyaobu
He 3a MiALKIPHUM X1POM (MOMMBOM), SIKWI HE MaE Xap4oBOi LiHHOCTI, a 3@ MapMypOBICTHO ANIOBUYMHK SIK 03HAKW SIKOCTI, Ka BPaxoBye
HasABHICTb BHYTPILLHBOM SI30BOTO i MiXXM’S30BOr0 XMpY, A0 CKnagy SKOro BXOAATb HEHACUYEHi XUPHI KMCNOTK, BiTamiHn A i D, a Takox
KinbKicTb Ginka i Bonoru, Ta CMakoBi i KyniHapHi 0COBNMBOCTI M’AKOTI TyLUi — HiXKHICTb, COKOBUTICTb i apomart. Lle Bignosigae Bumoram
cnoxusaya. MNpono3aunii, chopmynboBaHi Ha NiacTasi oaepXaHuX pesynsTaTiB 4OCHiMKEHb, 38 TEXHOMOMYHUMM 3MiIHAMM BUPOLLLYYBaHHS
TBapWH CMpUSIOTb PO3BUTKY M'SICHOTO CKOTapCTBa i MaloTb BeNvKe HapoAHOrocnoaapcbke 3HaYeHHs! LWOoAO 3MiLHEHHS 300POB’S Ha-
ceneHHs i N(poaoBoNLYOi 6e3nekn YkpaiHu.

Knrouosi cnoBa: nopoga, byranui, Bik, eHepris pocTy, xuBa mMaca, 3abiliHi NoKa3HUKW, ANOBUYMHA, OpraHidyHa NPoAyKLisd, M’S30Ba,
XXMpOBa TKaHWHW, MapMypOBICTb, AKICTb
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NMpookcnaaHTHO-aHTUOKCUAAHTHUN roMeocTas
Ta BiATBOplOBanbHa 34aTHICTb KHYPiB-NNiAHUKIB

3a BNJIMBY LUMTpaTy Mmiai

A. C. Csa6po

siabro.aliona@gmail.com

[MonTaBcbka AepxaBHa arpapHa akagemis,
Byn. Ckoopoau, 1/3, m. MonTtasa, 36003, YkpaiHa

Mpouecn NepoKCMAHOIO OKUCHEHHS BiAirpatoTb NPOBIAHY POSb Yy 3abe3neyeHHi pyxnu-
BOCTIi, BMXMBAHOCTI Ta 3annigHioBanbHOI 3aaTtHOCTI cnepmii. Npu LboMy ocobnuea porb
HanexXxuTb NiMITYIOYMM aHTUOKCUOaHTaM — BiTaMiHaMm, aMiHOKMCNOTaM, MiKpoeneMeHTam.
Tomy po3pobrieHHst TporpaM HOpMOBaHOI rofiBni AN 3abe3nevyeHHst aHTUOKCUAAHTHOTO XKUB-
NEHHS € 0OHMM 3 e(hbeKTMBHMX METOAIB penpoayKTUBHOI GioTexHororii. MeToro gocnigkeHb 6yno
BCTAHOBUTM BNNMB LUTPATY Midi HA SKICTb criepMonpoaykuii Ta opMyBaHHS MPOOKCUAAHTHO-
aHTMOKCUAAHTHOro roMmeocTasy y cnepMi KHypiB-nrigHuKiB. B gocniai BUkopucTaHi Jopocrii KHypuy
BENuKoi Binoi nopoau, aHanory 3a BikoM, XMBOK MACOH0 Ta sIKICTHO cnepmonpogykLii. JocnigHum
rpynam 3rogoByBanuv uutpar migi noHag Hopmy Ha 10% Ta 20% signosigHo. BctaHoBneHo, Lo
3rofoBYBaHHS KOPMOIKOPMY KHypaM-nnigHnKaM 3 gogaBaHHAM Liei cnonyku B KinbkocTti 10%
noHazg HopMy BiporigHo 36inbLye macy eskynaty Ha 12,5% (P<0,05), nigeuLlye pyxnusicTb Ta
BMXMBaHICTb criepMiiB Ha 6,5% (P<0,01) i 13,5% (P<0,001). Taki 3miHn y cnepmi BiabyBatoTbCH
Ha Tni 36inbweHHs aktueHocTti COM Ha 80,6% (P<0,05), ameHweHHs KT Ha 43,5% (P<0,05),
CMOBINIbHEHHS NPOLIECIB NepOKCUAaL|ii — 3HMKEHHS OieHOBMX KoH'toraTiB Ta TBK-akTnBHMUX cno-
nyk. [looaTkoBe BBEOEHHS 40 pauioHy uMTpaty migi Ha 20% noHag HopMy 36inbLuUye KOHLEHTPa-
uito cnepmiis Ha 13,2% (P<0,01), kinbkicTb xmBmx crnepmiiB Ha 20,7% (P<0,01) 3 ogHOoYacHUM
3HWKEHHSM iX BUXKMBAHOCTI, L0 3yMOBMNEHO MPUCKOPEHHSIM NpoLeciB nepokcuaadii — 306inb-
LLIEHHSIM BMICTY AlieHOBWX KOH'toraTiB, TBK-akTnBHMx cnonyk, JAK Ta 3HWKEHHAM BiJHOBNEHOTO
rnyTaTioHy. BctaHoBneHo, Lo 3annigHoBanbHa 30aTHICTb CNepMiiB iICTOTHO 3anexarna Bif Kinb-
KOCTi 3rogoByBaHOro MikpoenemeHTy. [1icns ociMeHiHHS cnepmoto KHypiB-nNnigHuUKiB, JobaBka migi
B pauioHi siknx ctaHoBuna 10%, CBMHOMAaTKN Marnu BULL MOKa3HMKKW 3annigHeHocTi Ha 7,1%,
BaratonnigHocTi — Ha 3,6% i macwu rHisga npu BignydeHHi — Ha 8,8%. [logaTkoBe BBEAEHHSA
umuTpaty migi y kinekocTi 20% npv3Beno 00 3HWXKEHHS 3anfigHoBanbHOI 30aTHOCTI CNepMIiB:
nokasHuK 3annigHeHocTi cauHomatok Il rpynu 6yB HarHWk4MM, Ha 7,7% i 14,3% mMeHWwnm no-
piBHsiHO 3 | Ta Il rpynamu. MogibHy TeHAeHLUito criocTepirany i 3a Noka3HUKaMu BENMKOMIIAHOCTI,
Macwu rHisga npy HapomXkeHHi Ta BignyyeHHi. OTxe, 4oAaTKOBE 3ro4oBYyBaHHSA HE3HAYHOI Kifb-
KOCTi Migj NO3UTMBHO BNAMBae Ha OyHKLiOHaNbHY aKTUBHICTb CNepMIiB, MpoLec HopMarbHOro
nepebiry 3annigHeHHs, POCTY i PO3BUTKY eMOpPIOHIB Ta HOBOHAPOAXKEHNX MOPOCSIT 3a PaxyHOK
onTumisauii popMyBaHHSA NPOOKCUAAHTHO-AHTUOKCUAAHTHOIO roMeocTaay.

KnoyoBi cnoBa: KHypu-niigHWKK, unTpat Migi, cnepMonpoaykLisi, NepoKCUaHE OKUC-
HEHHs, BiATBOPEHHS

36inbLUeHHa BUpOBHULTBA CBMHMHU HanpsiMy 3a-
NeXnTb Bif, YCNILHOCTI BiATBOPEHHS CTaga 3a paxyHOK
NpaBUNbHOrO BUKOPUCTaHHS METOAIB penpoayKTUBHOI
BiotexHororil. LLinpoke 3acTocyBaHHs MeTOAY LUTYYHOrO
OCIMEHIHHS NiaBULLIYE iHTEpeC A0 OTPUMaHHS BUCOKO-
AKICHOI cnepmonpoaykuii, npuaaTHOI Ans 36epiraHHA

12

Ta KpiokoHcepBaUii. TOMy paHHE BU3HAYEHHSA KHYpPIB
3i 3HWKEHOI (PEPTUNMBHICTIO € NPIOPUTETHUM 3aBAaH-
HAM O11S Nnporpam LUTYYHOro ociMeHiHHs [7, 10].
BcTaHoBneHo, Wo npotsarom 36epiraHHs cnepmu i
AKICTb 3HWXKYETBCS, OCHOBHOK NMPUYMHOKD YOrO € OKMC-
HWUI cTpec (MepoKkcugHe OKUCHEHHS ninigis). Benvka
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KINbKICTb NOMNiHEHACUYEHNX XXUPHUX KUCAOT Y nnasma-
TUYHIN MeMbpaHi cnepmiiB, a TakoXx obmexeHa aHTu-
OKCMOaHTHa 34aTHICTb NPUrHiYyBaTU reHepyBaHHS
akTMBHUX hopmM KucHo (APK) pobuTth ix Bpasnmeimmn
00 3MiH MPOOKCUAAHTHO-aHTUOKCUAAHTHOrO roMeocTa-
3y (MArl) B opraniami [20].

AKTUBHICTb @aHTUMOKCMAAHTHOrO 3axXUCTy Bigirpae
BaXXIMBY pOrib y NiATPUMLUI LiniCHOCTi MemMbpaH, pyx-
NMBOCTI Ta 3annigHOBanbHIM 30aTHOCTI cnepmMiis. Tomy
TOHKWI BanaHc Mix reHepyBaHHAM ADK i piBHEM aHTU-
OKCMAAHTHOTO 3aXUCTY BBAXAETbCS BAXIMBUM haKTO-
POM, SIKUI BU3HAYa€e AKICTb CnepMmn KHYpIiB-NNigHWKIB
i 30KkpeMa Ti 3gaTHICTb A0 3annigHeHHs [17]. JoseneHo,
LLIO NPMPOaHI HedEePMEHTHI Ta (PEPMEHTHI aHTUOKCK-
OaHTK, 9Ki 30CepepKeHHi NepeBaXXHO Y crepmaribHin
nnasmi, 3gaTHi 3axuiaTi rameTu Big Aii BiNbHUX pagu-
KaniB i TOKCUYHMX NpoaykTiB ix meTaboniamy [10].

OpHum 3i cnoco®iB nigTpumaHHa ctany MAT €
OOTPUMaHHA HOPM rogieni Ta 3abeanevyeHHs TBapuH
NOXVBHUMW PEHOBMHAMM, BiTaMiHAMM1, MaKpo- Ta MIKpo-
enemeHTamu. 3okpema, Kynpym BBaXKaeTbCs BaXIn-
BMM MIKPOHYTpieHTOM. 3aBOsKN OKUCHO-BIHOBHOMY
noTeHujany BiH € KOYaKTOPOM NoHaA, AECATU EH3UMIB,
cepeq skux cynepokcuaamcmytasa (COM) — oCHOBHMI
AHTUOKCUOAHTHUN €H3UM, KU 3anobirae KoNMBaHHIO
pagukanisa OkcureHy, a Takox 6epe yyacTtb y BCix eTa-
nax cnepmaroreHesy [9]. dediumt abo HaaNMLLIOK LiOro
MikpoernemMeHTa MoXe Npu3BecTy 40 NOripLIEHHSA AKOCTI
cnepmMonpoayKLii, NopyLUeHHs (PyHKLUIA CIM SIHWKIB, LLO,
y CBOIO Yepry, 3HmkKye hepTUnbHicTb y camuis [18].

Uepes HM3bKy 3aCBOIOBaHICTb MiHEpanbHUX COnewn,
BENUKY yBary B OCTaHHi POKV NoYany Npuaindat BUBHEH-
HIO KOMMJIEKCHOIO MOeAHAHHA MeTaniB 3 6ionorivHo ak-
TUBHMMU PEYOBMHAMN — BiTaMiHaMK, amMiHOKMCNOTaMu,
opraHiyHMn kucnotamu. Lli cnonyku kpatle gucodito-
OTbCS, aKyMyrOITLCS | NEPETBOPIOIOTECA B MeTaboniy-
HO-aKTMBHY chopMy, LLIO JO3BONSIE 3anobirT aHTaroHismy
Ta 36inbWnTK 6IOAOCTYMNHICTL MiKpOeneMeHTiB. 3amiHa
cornen MetaniB IXHbOK OpraHiYHO POPMOLO (XernaTHi
crnonyku) 3abesnedye nigBULLEHHS KOHBEPCIT CKNagoBmX
KOPMY, 3MEHLLUEHHS TX KiNTbKOCTi B KOPMaXx, 3HUXKYE BU-
BiflbHEHHS TX 4O HABKOMULLHBLOIO CepefoBuLLa, YNM
3anobirae 3abpyaHeHHo ekocuctemm [5].

MeToto gocnigxeHb 6yno BCTAaHOBUTY BMNUB Lin-
TpaTy Migi Ha SKiCTb cnepMonpoayKLUii Ta dhopmMyBaHHSA
NPOOKCUOAHTHO-aHTUOKCUAAHTHOIO FOMEeOCTasy y CrepMi
KHypiB-nnigHukiB. [N AOCATHEHHA METU BUKOHYBanu
Taki 3aBAaHHA: 4OCNIAUTU BNAMB LUMTPaTY Midi Ha AKiCTb
crnepmonpoayKuii KHypiB-MNigHWKIB; 3'scyBaT 0CobnmMBoC-
Ti BAAMBY LMTPATy Midi Ha CTaH NPOOKCUAAHTHO-aHTUOKCU-
AaHTHOro roMeocTasy B criepMi KHypiB-nnigHUKIB.

MaTepianu i meToam

EkcnepvmeHTn Oyriv npoeeneHi B ymosax MpAT «[nem-
cepsicy i nabopartopii gisionorii BigTBOPEHHS IHCTUTYTY
CBMHAPCTBA i arponpoMmncoBoro BupobHmuutea HAAH.
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Ons pocnigy 6yno BigibpaHo 9 kHypiB-NMiAHUKIB BENW-
Koi 6inoi nopoan — aHanoriB 3a BikOM, XXMBOK Macoto
i SIKiCTIO cnepmonpoaykuii, 3 AkMx cpopmoBaHo 3 rpynu
TBapWH Mo 3 TBapuHU B KOXHIN: | (KoHTpornbHa), i 1l
(nocnigHi). Noaiento KHypiB-NMiAHUKIB NPOBOAUNN 3riAHO
3 IHCTPYKLU€H 3i LUTYYHOrO OCIMEHIHHS cBMHeW. PauioH
TBapWH | rpynu 3anuwascsa 6e3 3viH, a TBapuHam Il Ta
[l rpyn AogatkoBO 3rogoByBanv LMTPAT Midi y KinbKOCTi
10% Ta 20% noHag gobosy noTpeby.

TpuBanicTb ekcnepumeHTy ctaHosuna 105 gi6,
30Kkpema nigrotoumii nepiog — 30 gi6, OCHOBHUIN —
45 pni6, 3asepwanbHun — 30 gi6. CnepMmy Big KHypiB-
NNiAHWKIB 0aepXKyBanu ABivi Ha TWXKAEHb MaHyanbHUM
MeToaoM. AKICTb CnepMonpoaykKLii ouiHoBanu 3a ma-
CO0 eSKYNATY, KOHLEHTPALElo | pyXnmBICTIO CNepmMiiB,
a TaKoX TXHbOK BUXMBAHICTIO MPOTArOM TPUTFOOUHHOTO
iHKyOyBaHHs 3a Temnepatypu 38°C [8].

Y pocnigXyBaHUX 3paskax crnepmMu KHypiB BU3Ha-
Yanu nokasHuku crady MNAIlL [ns ouiHkv piBHS nepebiry
NepPOKCUAHOIO OKUCHEHHS BU3HAYaun KOHLEHTpaLito
AieHOBUX KOH'toraTiB cnekTpodotoMeTpmyHo [16] | TBK-
aKTUBHUX KOMMIEKCIB (anbaerign i keToHn) — doTo-
enekTpoKornopmMmMeTpuyHo [12]. PiBeHb aHTMOKCUAAHT-
HOro 3axMCTy BM3HaYanu 3a akTUBHICTIO CyNepoKcua-
avcmyTasu (COL) doToMeTpUYHO [2]; akTUBHICTbL KaTa-
nasu (KT) — 3a metogukoro M. A. Koportoka 3 BUKopuc-
TaHHAM BaHagj-monidaaTHoi peakuii [4], BMiCT BigHoBNE-
HOI oopMu rMyTaTioHY — DOTOENEKTPOKONIOPUMETPUYHO
3 peaktuBoM EnmaHa [16]; KoHUeHTpaLjito ackopOiHOBOI
i perigpoackopbiHoBoi kucnot (AK i JAK) — 3a KinbkicTo
03030HiB MoANMdIKOBaHUM MeToAOM [6].

OTpumaHun undpoBuin maTepian cTaTUCTUYHO
onpaubOoByBanu 3a Jornomorot nporpamu Statistica
ana Windows XP. na nOpiBHAHHS OOCHIAXYBaHUX
MOKa3HWKIB Ta MiXKIPyMOBMX Pi3HULb BUKOPUCTOBYBaNM
t-kpuTepin CTblogeHTa, a pesynsraTt BBaXkanu Biporia-
Hum 3a P<0,05.

Pe3ynbraTtu

[oaaTtkoBe 3rogoByBaHHSA LUTPATY Mifi KHypam-
nNigHMKaM NO3UTMBHO BMMAMHYMO Ha SKICHI Ta KiMbKiCHI
MOKa3HUKM criepmMonpoaykuii (tadn. 1). BctaHosneHo,
LLIO AoaaTKOBe BBEAEHHSI MiHeparnbHOI 400aBKM B Kirb-
kocTi 10% Ta 20% cnpusano 36inbLIeHHI0 MacuK esiKy-
naty. Tak, y kHypiB-nnigHukiB |l rpynu nicnga 3aBepLueH-
Hs1 OCHOBHOrO Nepioay mMaca eskynaty 6yna BuLLO Ha
12,5% (P<0,05), Hi>xx Ha noyaTKy gocnimkeHb. Hanpu-
KiHLi 3aBepLuansHOro nepiogy Maca eskynsity kHypis,
AKi OTpUMyBanu UMTpar Migi y kinekocTti 20% Big Hopmw,
6yna 6inbLoto Ha 12,9% (P<0,05) i 18,1% (P<0,01)
nopieHsHO 3 | Ta Il rpynamu BignoBigHo.

KoHueHTpauis cnepmiiB B esKynaTi KHYpiB-MnigHUKIB
| rpynu npoTtarom gocnigy 3ameHLyBanachk i nicns 3asep-
LLEHHs1 OCHOBHOTO nepiogy 6yna Ha 11,4% MeHLLO0, HixX
Ha noy4aTky. BapTo 3a3HaunTu, WO BUKOPUCTAHHS MiHe-
panbHoi 4o6aBkn cnpusno 30iNbLUEHHIO KOHUEHTpaLLi
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MNpPOOKCMAAHTHO-aHTUOKCMAAHTHMIA TOMEOCTa3 Ta BiATBOPHOBa/IbHA 3aTHICTb KHYPIB-MJIiAHWUKIB 32 BNAUBY LATPATY Midi

cnepwmiis. MNpoTarom 30 Ai6 ekcnepumeHTy y TBapwH
Ta Il rpyn NOKasHWKK KOHUEHTpaLil raMeT nigsuLyBa-
nucek, BignosigHo, Ha 5,7% i 13,2% (P<0,01), Ta 6ynu
BMLLMMU Big kKOHTporto Ha 10,5—-17,6 % (P<0,01). Micnsa
3aKkiH4EeHHs1 OCHOBHOrO Mepiofy HamBULLY HAaCUYEHICTb
crnepMiiB B esKynaTi CnocTepirany B KHypiB-NnigHWUKIB
I rpynu, wo Buwe Ha 17,1% (P<0,01) i 5,7% nopis-
HAHO 3 | Ta Il rpynoto BignosigHo.

[MigBULLIEHHST MacK eaKynATY Ta KOHUEeHTpaLLi cnepmi-
B CNpmsno 36inbLUEHHIO X 3aranbHOI KiflbKOCTi, Lo Aano
3Mory ogepaTy BinbLUy KinbKiCTb CnepmMoo3 Big 0gHo-
ro kHypa-nnigHvka. TBapuHW, SKMM 3rogoByBanu umuTpar
migi B kinbkocTi 20% noHag Hopmy, Marm Ha 10,1% (ocHo-
BHUN) i 14,4% (P<0,05) (3aBepLuanbHuiA) GinbLuy KinbKicTb
rameT B esIKynsTi MOPIBHAHHO 3 NiArOTOBYMM MEpiogoMm.
MMicns 3aBepLueHHs gocnigy B eskynsaTi kHypis Il rpyny ymn-
cenbHicTb cnepmiiB Oyna GinbLuoto nopieHAHO 3 | i |l rpyna-
MM, BignosigHo, Ha 9,9% Ta 18,3% (P<0,05).

3rogoByBaHHs Mifli TaKOX NMO3UTUBHO BNMBAnNIo Ha
KiNbKICTb XXUBWUX CnepMiiB B edkynsaTi. [ns KHypiB, siKi

oTpumyBanu gobasky B kinbkocti 20%, 6yno xapakrep-
HUM MigBULLIEHHS aKTUBHOCTI cnepmii Ha 20,7% (P<0,01)
B OCHOBHOMY i Ha 20,6% (P<0,01) y 3aBepLuansHOMYy ne-
piogi. MNicnsa 3akiHiyeHHa gocnigy TBapuhm Il rpynn manm
GinbLUY KiNbKIiCTb XXMBUX cnepmii B eskynaTti— Ha 13,1%
i 22,1% (P<0,01) nopisHsiHO 3 | i Il rpynamm.

BcraHoBneHo, Lo pyxnmBiCTb CepMIiB CyTTEBO 3are-
)ara Bi HasiBHOCTi B paLjioHi aobasku migj. B eskynsiTi
kHypiB-nnigHvkiB Il Ta Ill rpyn pyxnmBeicTb cnepmiia Byna
BMLLIOIO, BiAMOBIAHO, Ha 5,5% (P<0,01) i 7,8% (P<0,05)
Ha 30-y goby Ta Ha 6,5% (P<0,01) i 9,7% (P<0,001)
Ha 45-y noby nopisHAHO 3 NnoyaTkom gocnigy. Micns
3aBepLUEHHSA OCHOBHOTO Mepioay Lier NOKa3HUK y TBapuH
AocnigHux rpyn 6yB BULLMM, NOPIBHAHO 3 KOHTPONEM,
Ha 7% (P<0,001).

Micns 3aBepLUEHHSA NepLUOro MICALSA eKCNePUMEHTY
BUXMBAHICTb cnepmiiB 6yna BiporigHo GinbLuot Ha
12,2% (P<0,001) Ta 13,8% (P<0,001) npu 3roqoByBaHHi
unTpaty migi B kinekocTi 10% Ta 20% BignosigHo, WO
BULLIE BiJ, MOKa3HUKIB KOHTPOSLHOI rpynu Ha 6,4% (P<0,01)

Ta6nuus 1. Bnnue unTtpaTty Migi Ha SKiCTb cnepMonpoayKuii KHypiB-nnigHukis (M+m)
Table 1. Influence of copper citrate on the quality of boars sperm production (Mtm)

Mepion excnepumenTy / Experiment period

OcHoBHui / Basic

MokasHuku pynu

Indices Groups niaroToB4YNN 3aBepLuanbH1n
lislpfel ey 30 no6a /300 day 45 noGa / 450 day el
(n=24) (n=24) (n=12) (n=24)

[ 240,966,80 228,428 81 260,5049,58 230,7116,57
Maca eskynsty, r Il 205,25+7,19 197,79+8,43 230,92+9,26* 220,46+8,06
Ejaculate volume, ml

1l 238,67+4,90 216,08+7,09 240,17+6,92 260,37+8,46*°

[ 212,507,71 206,75+8,09 188,338, 11 217,58+5,95
KoHueHTpauis cnepMiie, MnH/cm?®
Spermatozoa concentration, 1l 229,96+7,56 243,047 ,17°° 208,7045,24° 213,37+8,56
million/cm?

1] 201,67+5,11 228,37+7,54** 220,58+6,55*°° 211,46+6,34
SaranbHa KinbKICTb cnepwiis [ 51,34+2,54 47,91+2,96 48,57+1,99 50,21+2,04
B EAKyNATI, MIPA. Il 47,26+2,33 48,12+2,57 48,03+1,94 46,64+2,16
The total number of spermatozoa
in the ejaculate, billion I 48,211,69 49,14+2,11 53,10£2,43 55,16+2,64*
KinbKicTs KuBIX criepwiis [ 42,33+2,33 40,55+2,37 40,60+2,04 41,84+1,82
B esKynaTi, Mnpa.
The number of Ive spermatozoa Il 39,62+2,15 42,55+2,37 42,74+1,60 38,76+1,89
in the ejaculate, billion Il 39,24+1,65 43,02+1,92 47,35+2,24*° 47,312,026

[ 82,08+1,44 84,58+1,02 83,33+1,36 83,33+0,96
Pyxnusicte cnepwiis, % Il 83,75+1,42 88,33+0,76** 89,17+0,79** 82,92+0,93
Spermatozoa mobility, %

1l 81,25+1,48 87,60+0,89** 89,17+0,79*** 85,83+1,01*

[ 64,17+1,01 65,00+1,02 62,50+1,25 63,33+0,96
BwxuBaHictb cnepmiis, % Sxx00 *kk000 *k*000
Spermatozoa sumival, % Il 61,670,76 69,17+0,56 70,00+1,18 71,25+0,67

1l 63,33+0,96 72,08£0,83%**°°° 66,66+1,36° 67,08+0,92**°°

lMpumimka. TyT i B HacTynHin Tabnuui: * — P<0,05; ** — P<0,01; *** — P<0,001 nopieHsHO 3 nigrotoB4nm nepiogom; °© — P<0,05; °° — P<0,01;

ooo

— P<0,001 nopiHsiHO 3 | rpynoto; « — P<0,05; «« — P<0,01 nopisHsaHO 3 I rpynoto; n — KinbKicTe JOCNIAKYBaHUX 3paskiB.

Note. Here and in the next table: * — P<0.05; ** — P<0.01; *** — P<0,001 compared to the initial period; ° — P<0.05; °° — P<0.01; °°° — P<0,001
compared with the control group; « — P<0.05; «« — P<0.01 compared with Il group; n — the number of test samples.
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i 10,9% (P<0,001). HanpwkiHui ocCHOBHOrO i 3aBepLuanb-
HOrO NepIoAaiB HaMBULL NOKa3HMKM BWKUMBAHOCTI BCTAHOB-
neHo B kHypiB |l rpynu, wo GinbLe Ha 12,0% (P<0,001)
i 12,5% (P<0,001) BignoBigHO NOPIBHAHO 3 KOHTPOMEM.
3ronoByBaHHs KHypaM-nnigHUKam uuTparty Migi Bnnu-
Barno Ha ctaH ATl (Tabn. 2). BctaHoBneHO, WO akTuB-
HICTb €H3MMIB aHTMOKCUAAHTHOIO 3aXUCTY KonuBanach
3anexHo Bif, KINMbKOCTi B paLioHi LIbOro MikpoernemeHTa.
Y xopgi gocnimkeHHa Oyno BUABNEHO 30iNbLUEHHS aKTVB-
HocTti CO[l, ogHak cnocTtepirany TeHOEHLUIO 3HWKeHHs KT.
AkTmBHicTb CO[l y cnepmi kHypiB-naigHukiB 1l rpynu

nicns 3akiHYeHHs1 OCHOBHOTO Ta 3aBepLUanbHOro nepiogis
36inbLyBanack Ha 80,6% (P<0,05) Ta 47,2% BignosigHo.
Havsuwmi piseHs CO[] 6yno Big3Ha4YeHo y TBapuH
[l rppynn Ha 30-y goby ekcnepuMeHTY, Lo Byno BuLLe no-
piBHsiHO 3 | Ta |l rppynamu, BignosigHo, Ha 68,1% (P<0,01)
Ta 99,2% (P<0,001). PiBeHb KT npoTsarom 0CHOBHOrO
nepiody ocnigy 3MeHLLYBaBCS Y BCIX rpynax TBapwiH,
ofHaK 36inbLUEHHS KiNbKOCTi Mifi B pauioHi MoHaa HOpMy
Ha 10% npr3BOAUINO A0 BiPOriQHOMO 3HKEHHS LIbOTO EH-
3umy Ha 45-y noly ekcrnepumeHTy B 1,4 pasa (P<0,05),
Lo Hwk4Ye B 1,3 pa3a NOPIBHAHO 3 KOHTPOSMEM.

Ta6nuusa 2. CtaH NpooKCMAAHTHO-aHTUOKCMOAHTHOrO roMeocTasy y cnepmi kHypiB-nnigHukis (M+m)
Table 2.State of prooxidant-antioxidant homeostasis in the sperm of boars (M+m)

Mepiog excnepumenTy / Experiment period

Moka3Huku Mpynu MiaroToBuwiA OcHoBHui / Basic 3aBepLIANbHMI
indexes S preparatory 30 goa /30" day 45 go6a / 45t d gzl
~24) noba ay noba ay (n=24)
( (n=24) (n=12)

[ 0,371£0,044 0,313£0,027 0,410+0,046 0,354+0,038
CynepokcnancmyTasa, y.o./mn "
Superoxidedismutase. unit/mi [ 0,284+0,039 0,264+0,029 0,513+0,083 0,418+0,080

Il 0,444+0,046 0,526£0,053°°s+ 0,529+0,114 0,503+0,089

[ 27,85£3,40 23,99+4,07 19,6+4,26 19,20+2,66
Karanasa, H,0,/xe./n I 2511383 23,23+3,54 14,182,16* 21,69+2,69
Catalase, H,O,/min/|

Il 22,33+3,62 24,05+3,86 15,68+2,12 21,87+2,68

[ 0,327+0,056 0,305£0,043 0,358£0,061 0,295+0,050
BigHoBrenui ryTarioH, MKMons/n [ 0,337+0,074 0,266+0,029 0,281+0,042 0,268+0,041
Reduced glutathione, pmol/l

Il 0,332+0,057 0,218+0,026 0,245£0,033 0,229+0,028

[ 8,69+1,25 10,36+1,23 8,73+0,99 10,74+0,89
Ackop6ioBa KNGNOTa, MKMOJTb/T I 10,52+0,85 9,25+0,88 10,27+0,90 12,97+0,79*
Ascorbic acid, pmol/l ’ ’ ’ ’ ’ ’ ’ ’

Il 8,2510,65 9,69+0,99 10,32+1,04 10,95+0,93*

[ 8,86+1,12 10,28+1,00 7,20£1,03 10,26+1,11
[erinpoackop6iHoBa K1cnoTa, MKMOrb/In I 10.84+0 84 12.45+1 08 8764128 7 5440 79**
Dehydroascorbic acid, pmol/l T R e e

I 8,43£0,71 14,75£1,27%°  14,17+1,04**°°%  13,1620,89***ees

[ 3,05+0,32 2,84+0,21 2,68+0,33 2,95+0,26
Beta Ta npe-6eTtaninonpoteign,
MKMOMB/M [ 3,43+0,41 3,96£0,46 3,85£0,41 3,76£0,47
Beta and pre-betalipoproteins, pmol/l

Il 3,760,34 4,16£0,52 3,26+0,46 2,46+0,33*

[ 1,7240,21 1,58+0,27 1,4040,35 1,63+0,29
Rierosi kow'iorati, MKMone/n I 1,73£0,23 1,040,33 1,53£0,26 1,35£0,24
Diene conjugates, ymol/l ’ ’ ’ ’ ’ ’ ’ ’

I 1,46£0,22 1,74%0,31 2,29+0,45 2,19£0,21%se
TEK-akTesi cronyin [ 26,46£3,41 22,07+3,21 25,17+3,36 21,40%3,21
[0 iHKYGYBaHHS, MKMOMb/
TBA-active compounds [ 24,42+2,24 30,05+4,07 29,80+4,04 26,91+2,66
221 et e (e Il 21,47£3,14 26,68+3,68 30,6414,12* 23,33£3,50
TEK-akTBHi crionyin I 36,86+3,70 28,44+3.43 32,4113,71 33,204,09
nicnst iHKyGyBaHHS, MKMOMb/n [ 32,25+2,91 31,42+4,05 31,754,02 28,24+2,72
TBA-active compounds
after incubation, ymol/l i 30,87+3,37 28,27+3,71 32,68+4,16 29,97+3,78
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MNpPOOKCMAAHTHO-aHTUOKCMAAHTHMIA TOMEOCTa3 Ta BiATBOPHOBa/IbHA 3aTHICTb KHYPIB-MJIiAHWUKIB 32 BNAUBY LATPATY Midi

Tabnuua 3.BigTeoptoBanbHa 3aaTHICTb cBMHOMATOK (M+m)
Table 3. Reproductive capacity of sows (Mtm)

BinTBoptoBarnbHi sikocTi cBuHOMaTok / Reproductive qualities of sows

= a gﬁir:&'ae:& KinbkicTb HOBOHapOAXKEHWX MOPOCAT Maca rHiaaa npu Maca rHiana
=3 . 3annia- Number of newborn piglets Benuko- np . :
2 - Inseminated wepfigs, O nninHlcTBRkT HapOMKEHHI, KT Mpu BiaNyHeHH, kT
sows Fertility, % Bcboro Y T.4. KUBUX Large-foetus, kg L'ttirir‘t"r’]e'ght at alt_i/ts::;r\?ﬁlgh;
Total including alive 19 9. k9
| 30 86,7 10,8+0,19 10,610,17 1,350,019 14,45+0,28 85,77+1,97
Il 30 93,3 11,2+0,18** 11,0£0,17** 1,310,024 14,41£0,21 ***  94,04+2,20***°°
I 30 80,0 10,4+0,22 10,1+0,19 1,29+0,023° 13,03+0,24°°° 75,43+1,83°°°

lMpumimka. * — P<0,05; ** — P<0,01; *** — P<0,001 nopisHsiHo 3 lII rpynoto; ° — P<0,05; °° — P<0,01; °** — P<0,001 nopisHsiHO 3 | rpyrnoto.
Note. * — P<0.05; ** — P<0.01; *** — P<0,001 compared with Ill group; °® — P<0.05; °° — P<0.01; °°° — P<0.001 compared with | group.

Y pocnimKyBaHNX 3paskax cnepmMm KHypiB-nnigHuKIBe,
SKi 4O4aTKOBO OTpuMyBanu fobaBky Migi B KinbKOCTi
20% noHag, HopMy, cnocTepirany NiaBULLEHHS NPOLECIB
nepokcuaadii, Npo Lo cBigvnTb 36iNbLIEHHS] NEPBUH-
HMX Ta BTOPUHHWX NPOAYKTIB NEPOKCUAHOIO OKUCHEHHS.
KoHueHTpaLisa AieHOBUX KOH'OraHTiB y cnepmi TBapuH
[l rpynn 3poctana npoTAroM BCbOro AOCHIMKEHHS: Ha-
NpWKIHL OCHOBHOIO Nepiogy — Ha 56,8%, Lo NopiBHSAHO
3| T1a ll rpynamu Ha 63,6% Ta 49,7% 6GinbLue BiANOBIOHO;
HanpuKiHUj 3aBepLuanbHoro nepiogy — Ha 50% (P<0,05),
wo nopisHaHO 3 | Ta Il rpynamu 6inbwe Ha 34,4%
i 62,2% (P<0,001).

Y kHypis-nnigHukis Il Ta lll rpyn BmicT TBK-akTnBHUX
CMONyK Y CEeKpeTi nicns 3aBepLUeHHA OCHOBHOrO nepio-
4y 6yB BULLMM, BiANoBiaHO, Ha 22% Ta 42,7% (P<0,05),
wo Ginbwe Ha 18,4% Ta 21,7% nopiBHSHO 3 | rpynoto.
OpHak nicns iHkyOyBaHHsS cnepMmn Y MPOOKCUAAHTHOMY
Bydbepi piBeHb LuX MeTaboniTiB y TBApUH KOHTPOSbHOI
rpynu 3poctas Ha 28,9% Ha 30-y goby, Ha 28,8%
Ha 45-y noby i Ha 55,2% y 3aBepLuanbHOMY nepiogi.
Y pocnifgpKkyBaHUX 3paskax TBapuWH, SIKMM 3rogoByBanm
nobaeky Migi B kinbkocTi 10% Ta 20% noHag HopMy,
Liei NOKa3HWUK iICTOTHO He 3MiHIOBaBCS.

Y cnepmi KHypiB-NAiAHUKIB KOHTPOMBHOI rpynn Npo-
TATOM eKCNepUMEHTY BMICT acKopOiHOBOT KUCNOTH
konueascs. [poTe y TBapuWH, SIKMM 3roi0ByBan KOPMOBY
[o6aBKy, piBeHb L€l KUCMOTK NiCNs 3aKiHYEHHS OCHOB-
Horo nepioay 6yB BuwwmmM Ha 17,6% (Il rpyna) i 18,2%
(I rpyna). MNicnst 3aBepLUEHHS EKCNEPUMEHTY KOHLIEH-
Tpauis AK 6yna HavBuLLow y TBapwH Il rpynu.

BcTaHoBneHo BiporigHe 36inbweHHs BmicTy JAK
y cnepMi KHypiB-MniaHWKIB, SIKi 100AaTKOBO OTpUMYyBanm
Aobasky Migi B kinbkocTi 20%. Y TBapuWH Ui€i rpynn BMICT
L€l KUCMOTU NPOTArOM EKCNEPUMEHTY 30ibLLIYBaBCA: Ha
74,9% (P<0,001) — Ha 30-y poby, Ha 68,1% (P<0,001) —
Ha 45-y noby, Ha 56,1% (P<0,001) — Ha 75-y poOy.
[Micnsa 3akiHYeHHS OCHOBHOIO Ta 3aBepLUanbHOro nepioais
y TBapuviH Il rpynu Ler nokasHuk OyB BULLIMM, NMOPIBHAHO
3| 1a ll rpynamu, y 2 pasm (P<0,001) i 1,6 pasa (P<0,01)
TaB 1,3 pasai 1,7 pasa (P<0,001) BignosigHo.

KHypu-nnigHuKku, skum 3rogoByBanu uutpat Mifi
noHapg Hopmy Ha 10% Ta 20%, xapakTepu3yBanucb
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6inbwmm BMicTOM GeTa Ta npe-6eTa ninonpoTeigis
y cnepmi. B gocnigxyBaHux 3paskax TBapuH |l rpynum
nicnsi 3akiH4eHHs1 OCHOBHOTO Ta 3aBepLUANIbHOro nepio-
AiB KinbKicTb ninigis 6yna binbLoto, nopisHaHo 3 | Ta lll
rpynoto, Ha 43,6% i 18,1% 1a 27,5% i 52,8% (P<0,05)
BignoBigHo. IMOBIpHO, Ha TNi 36iNbLLIEHHS BMICTY nino-
npoteigis i JAK BigOynocb 3HWXEHHS BiAHOBNEHOIO
FMyTaTioHy Y OOCNIAHUX rpynax TBapyH. Y crnepmi KHypiB-
nnigHukis Il Ta lll rpyn npoTarom BCboro nepioay Aocni-
JPKEHHS piBEHb LbOro NoKasHuKa 3MeHLLYBaBCS i nicrns
3aKiHYeHHs1 3aBepLuarnbHOro nepiogy 0yB HKYMM, Bif-
nosigHo, Ha 20,5% Ta 31% BiAHOCHO Mo4aTky.

Micnsa 3akiH4eHHS OCHOBHOrO Nepiogy gocnigy 3a-
NNigHEHICTb CBUHOMATOK, SIKUX OCIMEHSANU CnepMoto
kHypiB-nnigHwukiB |l rpynn, ctaHosuna 93,3%, Lo BuLe
Ha 7,1% i 14,3% nopisHsaHo 3 | i lll rpynamu BignosigHo.
Lli >k cBMHOMaTKM Manu BinbLuy KinbKiCTb HOBOHAPOMKeE-
HUWX | )KMBMX MOPOCHT, Lo BuULLe Ha 3,6% i 7,1% (P<0,01)
Ta 3,6% i 8,2% (P<0,01) Big nokasnukis | Ta Ill rpyn
BignoBiaHo. Maca ruizga npy HapomKeHHi Ta BiAnyYeHHi
y CBUHOMATOK, 3aKkpinneHux 3a kHypamu Il rpynu, Byna
BU1LLOIO, NopiBHsAHO 3 Il rpynoto, Ha 9,6% (P<0,001) Ta
19,8% (P<0,001) BignosigHo.

HanHwx4i nokasHWKK BigTBOPHOT 30aTHOCTI Manu
csuHomatku [l rpynn: 3HWKeHHS 3annigHeHocTi Ha 7,7%,
BiporigHe 3MeHLLeHHs BenukonnigHocTi Ha 4,8% (P<0,05),
Macw rHisga npu HapogpxkeHHi — Ha 9,8% (P<0,001)
i Nnpn Bigny4yeHHi — Ha 12,1% (P<0,001) nopiBHsiHO
3 KOHTPOMEM.

O6roBopeHHA

OTpumaHi pesynbsratn JOCHigKeHb CBig4aTb Npo
BMNMAMB LMTPATY Midi Ha (PYHKLOHanbHY akTUBHICTb cnep-
MiiB Ta doopMyBaHHs Al y cnepmi KHypiB-MigHUKIB, WO
NposiIBNAETLCS Hacamnepern, 36iNbLUEeHHAM KinbKOCTi K-
BMX CrniepmiiB B eskynsiTi. O4eBnaHo, Le 3yMOBIEHO nia-
BULLEHHSIM PYXIIMBOCTi raMeT Yepes3 NOCUMNEHHS aKTUB-
HocTi CO[ Ta 36inbweHHsam BmicTy AK [3]. Mpu ubomy
BMCOKUI piBEHb aKTUBHOCTI CriepMiiB y NOeHaHHI 3 Benu-
KOO KiNbKIiCTIO MOMIHEHACUYEHUX KMPHUX KUCAOT B IXHIN
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MembpaHi Np13BOAMTL 0 NIABULLEHHS NPOLECIB nep-
okcuaauii, To6To 36iNbLUEHHS] BMICTY AiEHOBMX KOH'IOraHTIB
Ta TBK-akT1BHMX Cronyk, LLO NPOSBASETLCA 3HUKEHHAM
BVXXMBAHOCTI CNEpPMIiB y TBApWH, SIKUM 3rogoByBarm
MiHepanbHy Job6aBKy B MakcumanbeHin gosi [11,14].

Y cnepMi KHypiB-NMigHAUKIB, SKUM O0OATKOBO 3rofoBY-
Barv Migb y HeBenukin kinbkocTi (10%), 3MiHn ctany MAI
NPOSIBNSANMUCH HE3HAYHUM 3HWXKEHHSIM BMICTY Li€EHOBMX
KOH’toraHTiB Ta TBK-akTUBHMX CMONYyK, LLO CBIAYUTbL NPO
ranbmysaHHs npouecy [NOJ. Taki 3miHu cynpoBog4XyBano
nigeuweHHst aktneHocTi CO Ta 3HWkeHHs KT, wo nia-
TBEpDKYtoTb daHi J1. |. KonecHukosoi [3]. OaHak 3i 36inb-
LLEHHSAM KiNnbKOCTi 3rogoByBaHoi Migi (20%) BinOyBaeTbCs
NMPUCKOPEHHS MPOLECiB NepokecuaaLlii y cnepmi KHypiB-
NNigHKKIB, LLO NPOSIBASETHCS Y MiABULLEHHI BMICTY MeTa-
GoniTiB — AjeHoBMX KOH'toraHTiB i TBK-akT1BHKX crnomnyk
Ta BOAHOYAC iHTEHCVBHMM BUKOPUCTAHHSM NyTaTioHy
Ta aktueauieto CO[. Mpo 6nmaeki ocobnueocTi doopmy-
BaHH4A [MAl™ y cnepmi Lboro B1ay TBApWH MICA BXXUBAHHS
BENUKNx o3 mikpoenemeHta nosigomnsnu C. O. YceH-
ko Ta B. O. PokoTtdaHcbka [14, 19]. Lle nos’si3aHo 3 Tm,
Lo Migb y hopMi BiNbHOMO MeTany € katanisatopom npu
YTBOPEHHI CyNepoKCMOHMX Ta rApOKCUINbHUX paamKarnis
(peakuist abepa-Bevica) [15]. Bucoka koHUeHTpaUis Libo-
ro enemeHTa nNpu3BoauTbL OO HE3BOPOTHOI iMMOBinizauii,
3HMKEHHI aKpOCOMHOT peakLil, NOLWKOLXKEeHHS ninigis
Ta 6inkiB KNiTMHHUX MembBpaH, aectpykuii AHK, wo
HeraTMBHO BMNIIMBA€E Ha PyX/MBICTb, BMXXMBAHICTb Ta
3annigHoBanbHy 3aaTtHiCTb cnepmiis [1].

BcTaHoBneHM NO3MTUBHUIN BNNUB 3rodoBYBaHHS
LbOro enieMeHTa Ha 3annigHBanbHy 34aTHICTb crep-
MiiB KHYpIiB-NMiQHWKIB, SKUIA, OMeBUAHO, 0BYMOBMNEHNI
aKyMmyrnoBaHHAM Mifi B OpraHi3mi, CpuynHae Komn-
nekc BioxiMiYHUX NepeTBOPEHb Y cnepMi, Hacamnepes
y copmyBaHHi MNAl. OgHak iCTOTHE MiABULLEHHS KiNb-
KOCTi 3rogoByBaHOIO MiKpoenemMeHTa He3Ha4YHO 3HUXYE
IXHIO PenpoayKTUBHY 34aTHICTb, WO NigTBEPAXYIOTh
OaHi L. Roblero [13], e B OCHOBI NeXunTb NOPYLLEHHS
B3aEMO3B’A3Ky CMEepMIiB 3 ooLMTaMK, a OTXe, i npoLecy
3annigHeHHs. Came TOMy 4iTKi HOpMKM rogieni KHypiB-
NAigHUKIB 3a BMICTOM Mifi € 3anopyko N5 Hop-
ManbHoro nepebiry cnepmartoreHesy, a OTXXe, O4HUM
i3 pakTOpiB BNMMBY Ha iXHIO PEPTUNBHICTb.

BucHoBKu

1. BcTaHoBREHO, WO foAaTKoBe 3ro4oBYyBaHHA
KHypaMm-nnigHukam umtpaTy migi B kinbkocTi 10%
noHag HopMy Crpusie BiporigHOMY NiABULLEHHIO Macu
eakynaTy (P<0,05), pyxnueocTi (P<0,01) Ta BumxuBa-
HocTi cnepmiiB (P<0,001) Ha 45-Ty OBy CNOXUBaHHSI.
Taki 3miHM BigOyBatoTbCsA Ha TIi 36iNbLIEHHSA aKTUB-
HocTi CO[ Ha 80,6% (P<0,05) 3 ogHOYacCHMUM 3MeH-
weHHsaM KT Ha 43,5% (P<0,05), 3HmKeHHAM gieHOBUX
KoH’toraTiB i TBK-akTuBHMX cnonyk.

2. logaTkoBe BBEAEHHS A0 pauioHy uuTpaTty Migi
Ha 20% OinbLue Big HOPMK BipPOrigHO NiABMULLYE KOH-
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ueHTpauito cnepmiis (P<0,01), ixHi0 pyxnuBicTb Ta BU-
xmBaHictb (P<0,001) nicns 30-i 4obu ekcnepuMeHTy.
36inbLlUeHHA TepMiHY 3rofoByBaHHS LIbOrO enemMeHTa
NigBULLYE KiNbKICTb XXUBUX CEPMIiB B €AKynATi Ha
20,7% (P<0,01), ogHak TxHsi 30aTHICTb 0 BUXMBAHHSA
3MEHLLYETHCS, L0 CYNPOBOSKYETLCH iHTEHCUAiKaLlieto
npoueciB nepokcuaadii.

3. KinbKicHi Ta sIKiCHi MOKa3HMKM cnepMmn 3anexarb
Bifl BMICTY 3rofoByBaHoi 406aBku B pauioHi. [lonaBaHHs
umTtpaty migi noHag Hopmy Ha 20%, nopisHaHO 3 10%,
niaeuLye macy eskynaty Ha 18,1% (P<0,01), saranb-
Hy KinbkicTb cnepmiiB Ha 18,3% (P<0,05), kinbkicTb
XMBUKX cnepmiiB Ha 22,1% (P<0,01) i ixHi0 pyxnuBicTb
3,5% (P<0,05). OgHak BUXMBaHICTb CNepPMIiB Yy KHypiB-
nnigHukis |l rpynu 6yna suwoto Ha 6,2% (P<0,01) Big
nokasHuka lll rpynu. BctaHoBREHHI BigMIHHOCTI 3yMOB-
neHi ocobnmeocTaAMM hopMyBaHHS MPOOKCUOAHTHO-
aHTUOKCMOAHTHOIO rOMeOoCTasy: NepeBaXkaHHsA aKkTuB-
HocTi CO[ Ha 99,2% (P<0,001), Bmicty JAK — Ha
74,5% (P<0,001) i gieHoBuUx koH’toraTiB — Ha 62,2%
(P<0,001), wo cBig4nTb NpPO NiABULLEHHS NpoLecCiB
nepokcuaadii Ha 45-y oby cnoXvnBaHHS y TBApWH, siKi
OTpMMYyBanu MakCMMarnbHUI piBeHb Migi.

4. BcTaHoBneHo, Wo aopatkose 3rogoByBaHHA 10%
OpraHiyHoi hopMu Migi MiABULLYE PEnpPOAYKTUBHI NMOKas-
HWUKM CBMHOMATOK: 3ansigHeHicTb — Ha 7,1%, Garato-
nnigHicte — 3,6%, Macy rHizaga npuv Biany4YeHHi — Ha
9,6%. OcCiMEHIHHS cepMoao3amm KHypIB-MigHWKIB, SKi
oTpyMyBanu makcumarsHy Aosy (20%) uboro Mikpoene-
MEHTa, 3HWXXYE BigTBOPIOBarbHi MOKa3HMKN CBUHOMATOK,
nopiBHsiHO 3 | Ta Il rpynoto, BiAnNoBiAHO: 3annigHeHICTb —
Ha 7,7% Ta 14,3%, KinbKiCTb HOBOHAPOAKEHNX NOPO-
cat — Ha 3,6% i 7,1% (P<0,01), BenukonnigHicte — Ha
4,4% (P<0,05) Ta 1,5%, macy rvisga npy HapOmKEHHI —
Ha 9,8% (P<0,001) Ta 9,6% (P<0,001), npu Bigny4eHHi —
Ha 12,1% (P<0,001) Ta 19,8% (P<0,001), o, BoueBMap,
3YMOBJIEHO Pi3HNMUN OCOBNMBOCTSAMU DOPMYBaHHS Mpo-
OKCYAAHTHO-aHTMOKCMOAHTHOIO roMeocTasy y crepmi.

MepcnekTuBM noganbLINX AOCAIAXKEeHb

Mopjanblui AOCHIMKEHHS NOnsAraoTb Y 3'ACyBaHHi Xa-
pakTepy BBy GionoriYHO aKTUBHUX PEYOBWH NPUPOOHOIO
MOXOMPKEHHST Ha pi3ionoriyHi NpoLiecy B opraHiami KHypiB-
NNigHWKIB i CBUHOMATOK, L0 A03BONUTL €(PEKTUBHILLE
BMKOPUCTOBYBATW NMPOrpaMy HanpaefeHoro XBMEHHS
AN NOKpaLLEHHS iXHBbOI BiATBOPHOI 34aTHOCTI.
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Prooxidant-antioxidant homeostasis and reproductive capacity of boars
under the influence of copper citrate

A. S. Siabro
siabro.aliona@gmail.com

Poltava State Agrarian Academy,
1/3 Skovorody str., Poltava, 36003, Ukraine

Peroxide oxidation processes play a leading role in ensuring the motility, survival and fertilizing ability of sperm. A special role is given
to limiting antioxidants (vitamins, amino acids, microelements). Therefore, the development of standardized feeding programs to provide
antioxidant nutrition is one of the effective methods of reproductive biotechnology. The aim of the study was to determine the effect of
copper citrate on the quality of sperm production and the formation of prooxidant-antioxidant homeostasis in sperm of boars. The exper-
iment used adult boars of a large white breed, analogs in age, live weight and quality of sperm products. Experimental groups were fed
copper citrate above the norm by 10% and 20%. It has been determined that feeding combined feed to boars with the addition of this
compound in an amount of 10% above norm probably increases the weight of ejaculate by 12.5% (P<0.05), the sperm motility and sur-
vival by 6.5% (P<0.01) and 13.5% (P<0.001), respectively. Such changes in sperm occur against the background of an increase in SOD
activity by 80.6% (P<0.05), a decrease in catalase by 43.5% (P<0.05), a slowing down of peroxidation processes — a decrease in diene
conjugates and TBA-active compounds. The additional introduction to the diet of copper citrate by 20% more than normal increases the
concentration of spermatozoa by 13.2% (P<0.01), the number of live spermatozoa by 20.7% (P<0,01), with a simultaneous decrease
in their survival, due to the acceleration of peroxidation processes — an increase in the content of diene conjugates, TBA-active com-
pounds and DAA and a decrease in reduced glutathione. It has been found out that the fertilizing ability of sperm significantly depended
on the amount of fed microelement. Sows inseminated with sperm of boars receiving copper supplement in the diet by 10%, had higher
fertility rates by 7.1%, multifertility by 3.6%, and a litter weight at weaning by 8.8%. The additional administration of copper citrate
reduced the fertility of sperm by 20%, as the fertility rate of sows of 11l group was the lowest and was 7.7% and 14.3% lower compared
to l and Il groups. A similar trend occurred in terms of high fertility, a litter weight at birth and weaning. Therefore, the additional feeding
of a small amount of copper has a positive effect on the functional activity of sperm and the processes of normal fertilization, growth
and development of embryos and newborn piglets by optimizing the formation of prooxidant-antioxidant homeostasis.

Key words: boars, copper citrate, sperm production, peroxide oxidation, reproduction
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[iarHoCTUYHe 3HaYeHHSA iHTerparibHMX iMyHOreMaTosioriyHuX iHAeKciB
AIK MapKepiB XPOHIYHOro cTpecy y Kypeu

FO. B. Ocadua

seledat@ukr.net

HauioHanbHuiA yHiBepcuteT BiopecypciB i NpUPOAOKOPUCTYBaHHS YKpaiHu,

Byn. MepoiB O6oponu, 15, M. Kui, 03041, YkpaiHa

BrBYeHHSA cTpeciB B yMoBaxX MPOMUCIIOBUX TEXHOMOTIN YTPUMaHHS Kyper Ta BUSHaYeHHs!
CTYNEHs1 BMMUBY TEXHOMOMYHMX CTPECOopPIB Ha iXHiln isionoriyHni cTaH € HeobXiaHOK BUMOrOHD
Yy po3po0reHHi HOBMX MeToAiB NpodinakTku CcTpeciB Yepe3 BUGIp onTMMarnbHUX cnocobis
yTpumMmaHHs ntuui. MeTa gocnigxeHb nonsirana y BU3Ha4eHHi iHOpMaTUBHOCTI iHTerpansHMX
iMyHOremaTonoriYyHux iHgeKciB 4ns AiarHOCTUKM CTPeC-iHOYKOBaHUX MNOPYLUEHb B OpraHi3Mi Kypen
3a BMNMBY TEXHOSMOMYHOIO CTPECOPY Pi3HOI IHTEHCUBHOCTI. XPOHIYHWIA TEXHOMOTIYHWIA CcTpec byB
3MOAEMNbLOBaHWIN JOBrOTPMBANMM YTPUMaHHAM Kypen 3a NigBULLEHOI LWiNbHOCTI Nnocagku. IHTeH-
CVBHICTb il cCTpecopa B1U3Hayanv 3a Mipoto MiABULLEHHS LLINbHOCTI YTPUMaHHS Kypen. IHTerpans-
Hi iIMyHOremMaTornoriyHi iH4eKCcH po3paxoByBanv Ha OCHOBI PO3LLMPEHOIO 3arafibHOro aHanisy Kpo-
Bi. B opraHiami kypen, siki BHacMigoK TpUBaroro yTpuMmaHHs 3a nigBuULLIEHOI LLiNbHOCTI nepedysa-
NN y CTaHi XPOHIYHOIo CTPeCy, BUSIBNEHO BUCOKUI PiBEHb €HOOMEHHOI iHTOKCUKaLi | NOpyLUEHHS
iMyHOMOriYHOI PeaKTMBHOCTI, Ha LLIO BKa3ye NiABULLIEHHS iIHOEKCY 3CyBY NEMKOUUTIB Ta iHOeKCy
iIMyHOPEaKTUBHOCTI, a TaKOX iHAEKCIB cniBBigHoLWeHHs: nerkoumTiB i LUOE; retepodoinis i nimdo-
uuTiB; NiMcoLUMTIB | MOHOLIMTIB; reTepodiniB i MOHOLMTIB. 3a XPOHIYHOIo CTpecy y Kypen crocTe-
piranu akT1eawjto KNiTMHHOT NaHKN CUCTEMW IMYHITETY, aKTUBHY afjanTMBHY peakuijto 6inoi Kposi,
a TakoX nepeBaXkaHHA peakLUin yNnoBiribHEHOrO TUMY Hag, rinepyyTNMBICTIO HErANHOIO TUMY, Ha Lo
BKa3YylOTb 3HXKEHHS NiMcoLmUTapHO-TpaHynoLUmMTapHoro, 3aranbHoro, niMgoLmUTapHoro iHaeKciB
Ta iHOeKcy cniBeigHOLEHHA niMdoumTiB | eo3nHodpinie. [loBeaeHo, WO iHTerpanbHi iMyHoremaro-
NOriyHi iIHOEKCH € NepCcnekTUBHUMN MapkepamMu Ang AiarHOCTUKM XPOHIYHOTO CTPECY Y Kypen.

KnrouoBi cnoBa: iMyHoreMaTtonoridHi iH4ekcu, Kypu, CTpec, iMyHOrNoriyHa peakTUBHICTb,

€HJOreHHa iHTOKCUuKaLis

B ymoBax 3pocTaHHs cneujanisadii, KoHUeHTpauii Ta
iHTeHcMiKaLii NTaxiBHULTBA aKTyarnbHUM € BUBYEHHS
BMMAMBY OCHOBHMX TEXHOMOrYHMUX NapameTpiB KniTKo-
BOrO yTpUMaHHs Ha GionoriyHi ocobnueocTi Kypen [6].
Y nepiog aganTtauii 40 TEXHOMNOrYHMX NpPOLECiB opra-
Hi3M NTULj NOCTIMHO 3a3Hae BMNMBY HeraTMBHUX dhak-
TOpiB cepenoBMLLA YTPUMAHHA — CTPECOPIB, SKi Yepes
HepBOBY | EHAOKPUHHY CUCTEMU NPU3BOAATL 40 MOPEO-
NOriYHMX | (PYHKLLIOHANbHMX 3MiH B OpraHax i TKaHuHax,
LLIO CYNPOBOAXYETHCA 3HMKEHHAM NPOAYKTUBHOCTI,
NPUPOOHOI PE3NUCTEHTHOCTI OpraHiamy Ta 3MiHOH Mno-
BeniHkn kypen y rpyni [10, 34]. Tomy BUBYEHHS CTpeciB
B YMOBaX MPOMUCIIOBUX TEXHONOTIN YTPUMAHHS Kypen
i BU3HAYEHHs1 CTYNEeHs BNNMBY 30BHILLHIX (hakTopiB Ha
dpisionoriyHniA cTaH NTuLi € HeOOXiAHOK YMOBOO PO3PO0-
NEHHS HOBMX METOAIB NPOodiNakTUK1 CTPeCiB B yMoBax
BMBOpY onTumansHuX cnocobiB ix yTpumaHHs [18].
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OpHak eguHoro niaxoay 4o AiarHOCTUKK CTpeciB
y ATaxiBHULUTBI goci He icHye [3]. Yci meToan matoTb
CBOI nepeBaru i Hegoniku, Wwo noTpebye obepexHo-
ro Bubopy mapkepa ctpecy. BogHo4ac nepekoHnmeso
poBefeHa epeKTUBHICTb METOAIB AiarHOCTMKM CTpe-
CYy Y KypeWn, 3aCHOBaHMNX Ha BUBYEHHI FTOPMOHaIIbHOMO
cTaTycy, MOpdONoriYHNX NOoKa3HWKIB KpoBi, 6a30BMX
BGiOXiMiYHMX KOHCTAHT OpraHiaMy i MOKa3HWKIB pe3unc-
TEHTHOCTI, Ta BUKOPUCTaHHA 3a3HavyeHoro niaxogy ons
BM3HAYEHHS BMNMBY TEXHOMOTIYHUX haKTOPiB Ha Op-
raHiaMn NTULI, a TakoX BigMnoBiAHOCTI TEXHOMOTYHMX
napameTpiB gidionoriyHum notpebam kypen [7, 33].

OAHUM 3 HenpsIMMX MeTOAiB OLiHKM CTPECOBOTO
CTaHy y nTuui, SkMn 6asyeTbcst came Ha mopdonoriy-
HMX MOKa3HMKax KPOBi, € BU3HAYEHHS CMiBBiHOLLEHHS
y Hin retepodinis i nimcpoumTis [17, 21, 31]. Ockinbku
aoseneHo [9], Wwo nig Yac po3BUTKY CTPECOBOIO CTaHy
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Len nokasHWK 30iNbLIyeTbCS BHACMIAOK NiABULLEHOT
nporsicgepadii reMonoeTUYHNX CTOBOYPOBUX KITITUH,
36inbLeHoro BupobneHHa retepodinis i 3a paxyHok
abOopPTMBHOIO BMKMAY HE3PINMX KNiTUH retepodinis i3
KICTKOBOro MO3KY Y KpOB i MirpaLii niMgounTiB 3 HeOro
y TKaHuHU. Kpim TOro, 3MmiHK CniBBigHOLLEHHS reTepo-
dinis i nimpounTiB KOPENIOKTb 3 KOHLIEHTPALIE KOP-
TUKOCTEPOHY Y KPOBI Kypen Ta NponopLiiHi CTyNeHto
BMMMBY cTpecopiB pi3Hoi npupoan [30, 35].

CniBBigHoLweHHs retepodinis i nimounTis € iHTE-
rpansHUM iMyHOreMaTonoriyHUM iHOEKCOM, KU B ryMaH-
Hii MeguLmHI BigoMui gk iHaekc Kpebcea [28]. Kpim Hboro,
B N'YMaHHin MeQULIMHI BUKOPUCTOBYHOTL Liiny NaHesb iMyHo-
reMaTonoriyHux iHOekKcCiB, siKi HeNnPSIMUM YUHOM BiAl-
[O3epKarntoTb CTaH iIMyHHOI CUCTEMM | xapakTep nepebiry
3ananbHOro npolecy B opraHiami [2, 25, 26, 29].

OcTaHHIM Yacom MapKepHy MaHenb, 40 SKOi Harne-
Xatb iHaekc 3cysy newnkouuTie (I3JIK), iHaekc cniBBia-
HoweHHs1 HenTpodinis i nimdpouutis (ICHJT abo iHaekc
Kpebca), ingekc cnieBigHoweHHs nenkouunTis i LUOE
(JTWOE), nimdouunTtapHo-rpaHynoumMTapHumn iHgekc
(1), saraneHum iHgekc (3l), iHaekc iIMyHopeaKTUBHOC-
Ti (IIP), ingekc cniBBigHOLIEHHSA HEUTPOINIB i MOHOLIM-
TiB (ICHM), iHgekc cniBBigHOLLIEHHS NiMAPOUNTIB | MOHO-
uuTie (ICIMM), nenkountapHun iHgekc (J1l) Ta ingekc
cnieBigHoLWeHHSs nimdouuTiB i eosnHodinie (ICJ1E),
BUKOPUCTOBYIOTH i Y TBapnHHMUTBI [1, 13, 27, 37].

Bigomo, o nepeyLlinbHeHHs Sk cnocib pecypco-
36epexeHHs y NTaxiBHULTBI MPOBOKYE B Kypen cTaH
dopycTpaLii, KU MOXe NOBTOPHOBATUCS KOXHI 1-2 rog.
i TpMBaTK OO 3HECEHHS YeproBoro snus. MNMocTiHe nepe-
OyBaHHS Kypewn y cTaHi dpycTpauii npussognTb 40
XPOHiYHOro ctpecy [15]. Tomy meTa poboTu nonsarana
Yy BU3HAYEeHHi iHPOPMATMBHOCTI iHTErpanbHUX iMyHO-
remMaTtororiyHuX iHAEeKCIB ik MapKepiB CTpecy B Kypen
3a BMIIMBY XPOHIYHOIO nepeyLinbHEeHHS.

MaTtepianu i meToaun

B ymoBax cy4acHoro Komnnekcy 3 BUpobHMUTBa Xap-
YOBUX SELb CHOPMYBanm YOTUPY rPYNn Kypen npoMmc-
noeoro craga kpocy «Hy-Line W-36» (Tabn. 1), KoXHy
3 AKVX YTPUMYBanu B OKPEMOMY MTaLLHWKY-aHanory 3a
nnotueto (2640 M?), obnagHaHoMy 12-pyCHUMM KITiTKO-
BUMM BaTtapesamm «Salmety» (HimewunHa), siki cknaganues
3 18144 knitok nnoweto 7506 cm? (120x62,55 cm).

XpoHiyHuIn cTpec 6yno amoaensoBaHo 33-TKHEBUM
YyTPUMaHHAM Kypen, a caMme BiJ novaTKy Hecy4ocTi
(y 19-TwxkHeBOMY BiLi) | 4O 52-TWKHEBOrO BiKy 3a Pi3HOI
LLiNbHOCTI YTPMMaHHS. 3rigHo 3 BiTYM3HAHMMU HOpMa-
mMu (BHTTI-AINK-04.05.), WIiNbHICTb YTPUMaHHA Kypen
y KniTkax mae 6yTu B Mmexxax 22—25 rorn./m? (3abeaneve-
HicTb nnoweto 400—450 cm?/ron.), a BigNOBIAHO A0 BU-
MOT HacTaHoBM po3pobHuka kpocy (Hy-Line W-36 Final
Hybrid Content Guide, 2019) — B mexax 13-20 ron/m?
(490-750 cm?/ron.) i 3a 3abe3neyeHiCcTIO PPOHTOM
rogieni He MeHLwe, Hix 7,0 cm/ron. Ak cBigyaTb AaHi
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Tabnuus 1. Cxema gocnigy
Table 1. The scheme of the experiment

XapaktepucTuka I'pyna kypew / Group of hens

Characteristic 1 2 3 4

KinbkicTb nTaxiB y kniTwi
Number of hens in the cage 10 18 19 20
KinbkicTb nTaxis y rpyni
Number of hens in the group 181440 326592 344736 362880
LLinbHicTe nocaaku, ron./m? 133 240 253 26.7
Planting density, hens/m? ’ ’ ’ ’
3abe3neyeHicTb NoLLeto,
cm?/ron. 7506 417,0 395,11 375,3
Provision of area, cm?/hen

®poHT rogisni, cM

Front of feeding, cm 12,0 6,7 6,3 6,0

Tabn. 1, WinbHICTb YTPMMaHHS Kypen 1-i rpynu Bigno-
Bidana eBponencbkMM Hopmam i BUMoraMm po3pobHuka
Kpocy, 2-1 rpynu — BITYM3HAHMM HOPMaM, a Kypen 3- Ta
4-i rpyn yTpyMyBanu 3 HapoCTaHHAM nepeyLLinbHEHHS.
Takum cnocobom MoaentoBanu NOCTyrnoBe HapOCTaHHSA
iHTEHCUBHOCTiI TEXHOMOrMYHOro cTpecopa.

Ynpogosx gocnigy Kypewn 3abesneyysany nMTHO
BOJO'0, MOBHOPALLiOHHMMU KOMBiKOpMaMy OHAKOBOIO
cknagy n ytpumysanu 3rigHo 3 Bumoramu (BHTTI-
AlK-04.05.). BigmiHHICTb MiX rpynamm nonsirana nviie
Y WIMLHOCTI YTPUMaHHSA HECYYOK, piBEHb SKOI 3anexas
BiZ IXHBOI KiNbKOCTI Y KIiTKax, Lo NPU3BOAUIIO 4O Pi3HOI
3abe3ne4yeHOoCTi PpoHTOM rogieni.

Mopdboriori4Hi MoKa3HWKK KPOBI Kypen-HeCy4OK BU3Ha-
Yanu Ha remarororiyHomy aHanisaropi Micros 60 (Horiba
Ltd.) y nabopartopii «banbg» (ceptudpikat NeLB/02/2016).
Ons uboro 6panu no 30 Npob KPOBi y HECYYOK KOXHOT
rpynu y Biui 52 TuwxHi. Bigbupanu no 1,0-1,5 mn kposi
3 NigKpunbLeBoi BeHW y Npobipky 3 EDTA.

[ns ouiHKM aaanTauiiHOro | 3aranbHOro PeakTUBHOTO
iMYHORNOFIYHOro NoTeHUiany Kypen Bu3Ha4dyanu iHte-
rpansHi iMyHoreMaTonorivHi iHgeKcK: iHToKcuKauil —
iHaekc 3cyBy nenkoumTis (13J1K); akTMBHOCTI 3ananeHx-
HA — iHAEKC cniBBiQHOLLEHHS reTepodinis i nimdouunTie
(ICTT1 abo iHgekc Kpebca) abo retepodinbHo-nimdoLum-
TapHWUIA KoeqiLlieHT, iIHOEKC CniBBiAHOLIEHHS NENKOUNTIB
i LWOE (JTWWOE), nimcountapHo-rpaHynoumMTapHum iH-
aexkc (INT), saranbHui ingekc (31); HecneundivHOi pe-
aKTUBHOCTI — iHAekKC imyHopeakTmeHocTi (IIP), ingekc
cnieBigHoLWeHHSA retepodinis i MoHoumTiB (ICT'M), iH-
Jekc cniBeigHoLweHHA nimdpouuTis i moHouuTie (ICTTM),
nenkoumTapHu inaekc (1), ingekc cniBBigHOLWEHHS
nimcpoumTis i eosuHodinis (ICIE) [14, 22, 25, 28].

[ns Bu3HayeHHs1 iHGOpMaTMBHOCTI 3MiH NOKa3HUKIB
CUCTEMMU IMYHITETY SK MOXMNMBUX MPOrHOCTUYHUX YMH-
HWKIB JOCNIM4XKyBanu CTyniHb iMYHOSOMYHUX NOPYLUEHb
(CI). 3a HasBHOCTI iIMyHOOEMILMTY NOKa3HWK OyB Hera-
TUBHUM «—», 3HAK «+» CBIgQYMB NPO rinepdpyHKLIiLO iMyHHOI
cuctemm. 3HadeHHs pesyniraTty B Mexax 1-33% TpakTty-
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Banu sk | cTyniHb iMyHonoriyHux posnagis, 34—66,7% —
Il ctyniHb, noHag 66,7% — Il cTyniHb [2].

OTpumaHi umMdpoBi pesynsTaTy onpaLboByBanu MeTo-
AaMu BapiaujiHoi ctaTucTykn. BiporigHicTb BigMiHHOCTEN
MiK cepeqHiMm BeNnYMHaMmM BU3Hadanu 3a t-kputepiem
CTtblogeHTa, pisHuLi BBaxkanu BiporigHumn 3a P<0,05.

Pe3ynkTaty 1 06roBopeHHs

BusiBneHo, o nimdoumTtapHui iHgekc (1), nimdo-
uuTapHo-rpaHynounTapHun ingekc (IJ11), 3aranbHui iH-
Aekc (3l) Ta iHaekc cniBBigHOLIEHHS NiMdouMTIB | €03UHO-
dinis (ICINE) 3HmwxyBanucs 3 NigBULLEHHAM LLiNbHOCTI
YTPUMaHHS Kypew, Todi SK iHAEKC 3CyBY NenKounTiB
(IBIK), iHaekc imyHopeakTmHocTi (IIP), iHaekc cniBgia-
HoweHHs nevikoumTis i LUOE (INNLLOE), ingekc cnisgia-
HoLleHHs retepodoinis i nimdoumTis (ICIT1), iHaekc cnie-
BigHOLWEHHs niMmcpoumTis i moHouuTis (ICITM) Ta iHaekc
cniBBigHOWEHHSA retepodinis i moHouuTiB (ICTM) —
HaBnaku, nigsuwyBanuck (Tabn. 2).

Tabnuua 2. IHTerpanbHi iMyHoreMaTonorivHi iHaAeKkcu Kypen
Table 2. Integral immunohematological indices of hens

IHgekc,on. / Index, un.
1

IHaexc 3cysy nevikountis (I13J1K), sk xapaktepu-
3Yy€ CNiBBIAHOLLIEHHS rPaHynounTiB Ta arpaHynouuTis
i HEe 3aNeXuTb Bif KiNbKOCTI NerMKoumMTIB y KpoBi [26], nia-
BMLLYBaBCS 3 MOCUNIEHHAM i cTpecopy. BiH BusiBuBCS
BULLMM B Kypen 4-i rpynn — Ha 0,52 oa. abo 136,8%
(P<0,001) nopiBHsiHO 3 1-t0 rpynoto, Ha 0,43 og. abo
91,5% (P<0,001) i 0,38 oa. abo 73,1% (P<0,001) no-
piBHSIHO 3 2- Ta 3-10 rpynamu BignoBigHo. BogHouac
y kypen 2-i rpynu I3J1K 6yB Buwmm Ha 0,09 og. abo
23,7% (P<0,001), a y kypewn 3-i rpynn — Ha 0,14 og.
abo 36,8% nopiBHaHO 3 1-10 rpynoto. PisHuuga I3NK
MK 2- Ta 3-t0 rpynamu ctaHosuna nuuwe 0,05 og. abo
10,6% i cTaTucTUYHO He nigTBepavnacs. ligBuLIEHHS
I3JTIK 3 nocuneHHAM iHTEHCMBHOCTI Aii cTpecopa Bkasye
Ha 3CyB nenkoumMTapHoi dopMynu BRiBO, L0 CBIgYUTb
Npo NOPYLLEHHS iIMYyHOMNOriYHOI peakTMBHOCTI [36] | Haa-
XOMKEHHS 00 nepudepinHOi KpOBi BEMNMKOI KifTbKOCTI
«monoanx» opm nerkouunTise [26].

IHOekc cniBBigHOLEHHS reTepodinis Ta NiMouunTiB
(ICI'T abo iHgekc Kpebea), sikuid KnacnyHo € MapKkepom
ctpecy [13, 21] Ta Bigobpaxkae CniBBigHOLLEHHS KMITWH

I'pyna kypen / Group of hens
2 3 4

IHaekewn iHTokcukauii / Intoxication index

IHOekc 3cyBy nemkoumTiB

Leukocyte shift index 0,380,006

0,47+0,015*** 0,52+0,029*** 0,90+0,097***°°°™

IHaekcn akTMBHOCTI 3ananeHHsi / Inflammatory activity index

IHOeKC cniBBiAHOLIEHHSA reTepodinis

i nimdpoumTis (IHaekc Kpebea) 0,35+0,013
Heterophil to lymphocyte ratio (Krebs index)
JlimdbounTapHo-rpaHynounTapHUm iHgekc 17 7340 433
Lymphocyte-granulocyte index e
IHOekc cniBBigHOLWEHHS nenkouuTie i LUOE

Leukocyte to erythrocyte sedimentation rate ratio 0,35£0,009
3aranbHum iHgeKkc 18,08+0.438

General index

0,39+0,002** 0,43+0,033* 0,76+0,078***°°°™

16,34+0,164* 16,14+0,633* 11,89£0,931***°°°™"

0,80i0,005*** 0,86i0,004***°°° 0,93i0,011***°°°m

17,14£0,108" 17,49£0,993 12,82+0,878***°°°"

IHaekcn HecneumdivHoi peakTmBHOCTI / Indices of nonspecific reactivity

IHAeKC iMyHOopeaKTUBHOCTI

A 7,9240,271
Immunoreactivity index
IHaekc cniBBiAHOLLIEHHS reTepodiniB | MOHOLATIB 2,610,039
Heterophil to monocyte ratio
IHOEKC CrIBBIAHOLLIEHHS NIMKIOLMTIB | MOHOLMTIB 7.62+0,254
Lymphocyte to monocyte ratio
J-llMd)OLWITa.pI:WIVI iHaekc 2,96+0,131
Lymphocytic index
IHAeKC cniBBIAHOLLIEHHS NiMAOLMTIB | €031HOINIB 21,080,207

Lymphocyte to eosinophil ratio

10,780,102 13,19£0,325™**°°°  15,75+0,813***°°°"

3,90+0,067*** 5,42+0,534***°° 18,48£0,973***°°™

10,030,132 12,20£0,400**°°°  20,65+1,873***°°"

2,5710,013*** 2,2510,118***°° 1’6510’143***000".

14,30+0,974*** 14,84+1,504 11,080,973 **'

lMpumimka. * — P<0,05, ** — P<0,01, *** — P<0,001 — nopisHsiHo 3 1-t0 rpynoto; °* — P<0,05, °° — P<0,01, °°°* — P<0,001 —

NopiBHSAHO 3 2-t0 rpynoto; ' — P<0,05, " — P<0,01; ™ — P<0,001 — nopiBHSAHO 3 3-t0 rpynoto.
Note. * — P<0.05, ** — P<0.01, *** — P<0.001 — compared with the 1t group; ® — P<0.05, °°* — P<0.01, °°° — P<0.001 —
compared with the 2" group; * — P<0.05, * — P<0.01, " — P<0.001 — compared with the 3" group.
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cneumnadiyHoro i HecneuudidHoro imyHiTety [20], nig-
BULLYBaBCS 3 MOCUMEHHAM fil cTpecopa. Haneuwmin
ICIT1 BusiBneHun y kypew 4-i rpynn — Ha 0,41 og. abo
117,1% (P<0,001) nopiBHsiHO 3 1-t0 rpynoto, Ha 0,37 og.
abo 94,9% (P<0,001) i 0,33 og. abo 76,7% (P<0,001)
MOPIBHSHO 3 2- Ta 3-t0 rpynamu BianoBigHo. Y Kypewn 2-i
rpynum ICIT1 6yB Buwmm Ha 0,04 og. a6o 11,4% (P<0,01),
a 'y kypen 3-i rpynn — Ha 0,08 og. abo 22,9% (P<0,05)
nopiBHSAHO 3 1-1 rpynoto. PisHuuUa Mix 2- Ta 3-to rpynamu
ctaHosuna nuwe 0,04 oa. abo 10,3% i cTaTUCTUYHO He
niarBepgunacs. ICIT1 xapakTtepunaye akTUBHICTb daro-
LUMTapHUX peakuin i dhakTopiB crneumnivyHoro iMyHiTeTy,
a TaKoX IXHI0 y4acTb y NiATpUMLI 3aranbHOl peakTue-
HOCTi opraHiamy [26], TOMy AOro NiaBULLEHHS 3 NOCK-
NeHHAM fii cTpecopa cBiguMTb NPo nepesary Hecreuu-
hiYHNX 3aXMCHUX KNiTKH, WO BiaOyBaeTbCA BHACNIOOK
oYyHKLiOHaNbHOro MigBULLEHHA nNponidyepaTMBHOI ak-
TUBHOCTI KICTKOBOTO MO3KY | BUPaXKa€eTbCs Y 30iNbLUEHHI
KinbKocCTi retepodinis [8].
JlimounTapHo-rpanynouutapHui ingekc (IJ17),
KU J03BONSAE AMdepeHLitoBaTM aBTOIHTOKCUKALLiHO,
BVKIMKaHy MNOpyLUEHHAM poboTu iMyHHOT abo bepmeH-
TaTVBHOI CUCTEMM, Ta IHDEKLiNHY IHTOKCUKALLIIO, @ TaKoX
BMpaxae B YMcnax CTyniHb 3CyBY nenkoumTapHoi op-
Mynu kpoBi [12, 14], 3HWKyBaBCS 3 NOCUNEHHAM il
ctpecopa. HanHwxkuun I BusiBneHo y kypen 4-i rpy-
nn — Ha 5,84 og. abo 49,1% (P<0,001), 4,45 oa. abo
37,4% (P<0,001) Ta 4,74 og. abo 39,9% (P<0,001) no-
piBHSHO 3 1-, 2-10 Ta 3-0 rpynamu BigNoBIgHo. Y Kypen
2-i Ta 3-i rpyn 1T 6yB Hwx4mum Ha 1,39 og. abo 8,5%
(P<0,001) Tta 1,59 oa. abo 9,9% (P<0,05), Hix y 1-1
rpyni. PisHyus mixx 2-10 Ta 3-t0 rpynamu cTatucTMYHO
He nmiaTBepamnacb. 3HwkeHHA T cBigunTb Npo 3cyB
nenkouutapHoi oopMynu BriBO Ta NiATBEPOXKYE HasB-
HICTb aBTOIMYHHOI iHTOKcMKaUii [12, 23, 29]. 3HMKeHHS
T TakoxX MOXHa po3rnagaTi Sk NOpYLUEHHS YAHHWKIB
i MexaHi3miB iMyHororiyHoi peakTnBHocTi [16]. OgHo-
yacHe niauueHHs I13J1K ta 3HmkeHHs T ceigunTh
Npo PO3BUTOK €HAOrNEeHHOI IHTOKCKKALT i NOpyLUEHHSA
iMYHOOrYHOT peaKTUBHOCTI BHACNIAOK aBTOIHTOKCUKALLT
OpraHiamMy nig Yac AeCTPYKLii BMACHUX KNiTuH [22].
IHoekc cnissigHoLweHHa nevikouuTis | LUOE (IJILLOE),
3MiHM SIKOTO CBigYaTh NPO HAsIBHICTb iHTOKCUKALLT,
noB’a3aHoi 3 iHdeKUinHMM (3meHweHHs IJTLLIOE) abo
aBTOIMyHHUM (36inbwenHHs JTLLOE) npouecom [19], nia-
BULLYYBaBCS 3 NOCUNEHHAM fii cTpecopa. Hansuwmi
INWOE cnocTtepiranu B Kypen 4-i rpynn — Ha 0,58 og.
abo 165,7% (P<0,001) nopiBHsHO 3 1-10 rpynoto Ta
Ha 0,13 og. abo 16,3% (P<0,001) i 0,07 oa. abo 8,1%
(P<0,001) nopiBHsHO 3 2- Ta 3-t0 rpynamMu BignoBigHO.
BogHouac JIWWOE y kypen 2-i rpynu 6yB BULLMM Ha
0,45 og. abo 128,6% (P<0,001) nopiBHsIHO 3 1-10 rpy-
noto, a B kypewn 3-i rpynu — Ha 0,51 og. abo 145,7%
(P<0,001) i 0,06 og. abo 7,5% (P<0,001) nopiBHsiHO
3 1-t0 Ta 2-t0 rpynamu BignosigHo. MNigsuwenHs NILOE
3 NOCUNeHHsAM fii cTpecopa Bkasye Ha HasiBHICTb B opra-
Hi3Mi Kypeln BUpaXKeHOI CUCTEMHOI 3ananbHoI Bigno.iaj
3 BYCOKMM PIiBHEM €HOOrEeHHOI IHTOKCMKaLi i mopyLUeH-
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HSIM iIMYyHOMNOriYHOI peakTUBHOCTI [29], a Takox niaTeep-
[PKy€e aBTOIMYHHWUIA XapaKTep NaTororiyHoro npouecy [2,
22, 28, 38].

3aranbhun ingexc (3l), akmn € cymoto nimdoumTapHo-
rpaHynountapHoro (JI1) i cniBBigHOLWEHHS Nenkoum-
TiB i LUOE (IJILLUOE) ingekciB Ta [o3BONsiE po3pisHUTH
XapakTep iHTOKCUKaUiT Ha paHHiX CTafigax po3BUTKY
naTonoriyHoro npouecy [22], 3HnxXyBaBcH 3 NigBULLIEH-
HSM cUnK BrnnMBY cTpecopa. HanHwkumn 3l BusisneHo
B Kypeu 4-i rpynn — Ha 5,26 og. abo 41,0% (P<0,001),
HiX y Kypen 1-i rpymu, Ha 4,32 og. abo 35,2% (P<0,001)
i Ha 4,67 oa. abo 36,4% (P<0,001) — Hix y kypen 2-i
Ta 3-1 rpyn BignoBigHO. BapTo 3a3HaynTK, WO pisHULS
3l mix 1-t0 Ta 2-10 rpynamu ctaHosuna nuvwe 0,94 og.
abo 5,5% (P<0,05), a mix BigmiHHOCTEN MiX 1-10 Ta 3-10,
a TakoX 2-10 Ta 3-10 rpynamm He BUSIBIIEHO. SHUKEHHSA
3l cBigYMTbL NPO HasIBHICTb B OpPraHiaMi Kypem iHTOKCK-
KauinHoro npouecy [27].

IHoekc imyHopeakTmBHOCTi (IIP), akun Binobpakae
CTaH OCHOBHWX KNITUH-NPOAYLEHTIB LIUTOKIHIB Ta Ancha-
naHc y uMToKiHoBOMY npodini [32], niaswvLlyBascs 3 no-
cuneHHaMm gl ctpec-taktopa. Hamsuwwini |IP cnoctepira-
nmy kypen 4-i rpynn — Ha 7,83 oa. abo 98,9% (P<0,001),
HiX B Kypen 1-i rpynu, Ha 4,97 og. abo 46,1% (P<0,001)
i Ha 2,56 oa. abo 19,4% (P<0,01) — Hix B Kypen 2- Ta 3-i
rpyn BignosigHo. BogHouac y kypen 2-i rpyru |IP 6yB Bu-
LwmMm Ha 2,86 oa. abo 36,1% (P<0,001) nopisHsaHO 3 1-t0
rpynoto, a y kypen 3-i rpynn — Ha 5,27 og. abo 66,5%
(P<0,001) nopiBHsiHO 3 1-t0 rpynoto Ta Ha 2,41 og. abo
47,3% (P<0,001) nopiBHsHO 3 2-t0 rpynoto. [MigBuLeHHs
[IP 3 nocuneHHsm fji ctpecopy cBiaunTb Yy Kypen 3-i i 4-1
rpyn Npo AeKoMneHcalito, a B Kypen 2-i rpynm — npo
cybkomneHcalito eHOoreHHoT iHTokcmKaii [11].

IHOeKc cniBBigHOLWEHHS reTepodinis i MOHOLIUTIB
(ICI'M), sikmin cBigUMTL NPO CMiBBIgHOLIEHHS KOMMO-
HeHTIB MikpodharanbHo-MakpodaransHoi cuctemm [29],
nigsuLlyBaBcsa 3 NOCUNEHHAM Ail cTpec-dakTopa.
Hawnsuwwmin ICI'M cnocTtepiranu B Kypewn 4-i rpynn —
Ha 15,87 og. abo 608,0% (P<0,001) nopiBHAHO 3 1-t0
rpynoto,Ha 14,58 og. abo 373,8% (P<0,001) i 13,06 oga.
abo 241,0% (P<0,001) nopiBHSAHO 3 2-t0 Ta 3-t0 rpynamm
BignoBigHo. BogHovac kypu 2-1 rpynu xapaktepusyBsa-
nuce Buwmm ICHM Ha 1,29 og. abo 49,4% (P<0,001)
MOPIBHSIHO 3 1-10 rpynoto, a Kypu 3-i rpynu — Ha 2,81 op.
a6bo 107,7% (P<0,001) i 1,52 og. abo 39,0% (P<0,01)
nopiBHAHO 3 1-10 Ta 2-10 rpynamu BignosigHo. Migsu-
weHHa ICI'M 3 nocuneHHsaM fii cTpecopa BKasye Ha
NiABULLIEHHSA aKTUBHOCTI reTepodinis y MikpodaransHo-
MakpodaranbHin cuctemi iMyHHOT Bignosigi [24].

IHOeKc cniBBiAHOLWEHHS NiMAOUNTIB | MOHOLMTIB
(ICITM), saxumin Binobparkae B3aEMOBIHOLLEHHST adheKTop-
HOT 1 eeKTOPHOI JTAaHOK iIMYHOJTOriYHOro npouecy [4],
nigBuLLyBaBCS 3 NOCUIEHHAM AiT cTpec-dakTopa.
Hansuwmn ICJIM BusiBneHo y kypewn 4-i rpynm —
Ha 13,03 og. abo 171,0% (P<0,001) nopiBHsiHO 3 1-t0
rpynoto, Ha 10,62 oa. abo 105,9% (P<0,001) i 8,45 oga.
abo 69,3% (P<0,001) nopiBHsIHO 3 2-t0 Ta 3-t0 rpynamu
BianosigHo. BogHo4vac y kypewn 2-i rpynu ICJIM 6yB
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BULLIMM Ha 2,68 oa. abo 35,2% (P<0,001) nopisHaHO 3 1-10
rpynoto, a y kypen 3-i rpynm — Ha 4,58 og. abo 60,1%
(P<0,001) nopiBHaHO 3 1-t0 rpyrnoto Ta Ha 2,17 og. abo
21,6% (P<0,001) nopiBHSHO 3 2-t0 rpynoto. [MigBuLLeHHS
ICJIM cBigunTb Npo nepeBaxaHHs e(peKkTOPHOI NaHKu
iIMyHONOTIYHOro Npouecy Hag adekTopHoto [27].
JlimcboumTapHui ingekc (1), skuii BinoOpaxkae B3ae-
MOBIOHOLLEHHS FyMOoparibHOi Ta KNITUHHOT NTaHOK iMyHHOT
cucTeMu [22], 3HUXKYETBCA 3 MOCUNEHHSM Aii cTpecopa.
Tak, Il B kypen 2-i 6yB Hx4mm Ha 0,39 oa. abo 15,2%
(P<0,001) nopiBHsiHO 3 1-t0 rpynoto, a B Kypewn 3-i rpy-
nm — Ha 0,71 og. abo 31,6% (P<0,001) Ta 0,32 oa. abo
14,2% (P<0,01) nopiBHsHO 3 1- Ta 2-t0 rpynamu Bigno-
BiaHoO. Y kypen 4-i rpynu J1l 6yB HWx4mm Ha 1,31 og. abo
79,4% (P<0,001) nopisHsHO 3 1-t0 rpymnoto, Ha 0,92 oa.
abo 55,8% (P<0,001)i 0,6 oa. abo 36,4% (P<0,001) no-
PiBHSHO 3 2- Ta 3-t0 rpynamm BignoBigHO. 3HWKeHHs J1I

Ta6nuus 3. CTyniHb iIMyHOMOrYHMX NOPYLUEHb
3a iHgekcamu KpoBi Kypewn

Table 3.The degree of immunological disorders
by blood indices of hens

Ipyna kypen

IHaexkc, oa. Group of hens
Index, un.
2 3 4
IHOekcn iHTOKcuKaLii
Intoxication index
IHOEeKC 3cyBY nenkouuTiB
ASKC scyBy nevKou N

Leukocyte shift index

IHOEKCK akTUBHOCTI 3ananeHHs
Inflammatory activity index

IHaeKc cniBBigHOLLEHHS reTepodinis
i nimdouurTie (IHoekc Kpebea) +| +| +lll
Heterophil to lymphocyte ratio (Krebs index)

JlimcbounTapHo-rpaHynounTapHui iHaekc | 4
Lymphocyte-granulocyte index

IHOekc cniBeigHoLWweHHs nerikoumTis i LUOE

Leukocyte to erythrocyte S LU || B 1
sedimentation rate ratio

3aranbHui iHaekc

: =l — —l
General index

IHaekcn HecnewumnivyHOI peakTUBHOCTI
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CBIQYMTb NPO aKTMBALi0 KMITUHHOI NaHKN CUCTEMU iMY-
HITETY, @ TaKOX BKa3ye Ha aKTMBHY afanTUBHY peaku;ito
Binoi KPOBi Ta 3HWXEHHST HecneundiYHOro NPOTUIHGEK-
LiIiHOro 3axXmMCTy BHACIiAOK iHTOKCKKau,ii [27].

IHaekc cniBBiAHOLWEHHS nimdounTiB i eosnHodinis
(ICNE), sikun Bigobpakae cniBBigHOLWEHHS NpoLeciB
rinep4yTnMBOCTI HEramHOro i CroBiNbHEHoro Tuny [22],
TaKOX 3HWDKYBABCS 3 NigBULLEHHAM CUNW BAMMBY CTpe-
copa. ICJIE BUSIBUBCS HAaMHWX4YUM B Kypen 4-i rpynu,
Ae BnnuB ctpecopa OyB HaWiHTEHCUBHIWMM, — Ha
10,0 oa. abo 90,3% (P<0,001) nopiBHSHO 3 1-t0 rpymnoto,
Ha 3,22 og. abo 29,1% (P<0,05) i 3,76 oa. abo 33,9%
(P<0,05) nopiBHsIHO 3 2-0 Ta 3-t0 rpynamu BignoBigHo.
ICIIE y kypen 2-i rpynu 6yB HWwx4um Ha 6,78 of. abo
47,4% (P<0,001), a y kypen 3-i rpynn — Ha 6,24 op.
abo 42,0% (P<0,001) nopieHsHO 3 1-t0 rpynoto. PizHnLi
ICITIE mix 2-10 Ta 3-10 rpynamm He crnocTepiranu.
3HmxkeHHs ICJIE Bigobpakae nepeBa)kaHHA peakuin
YMOBINIbHEHOro TUMY HaA rinepyyTrMBICTIO HEramHOro
TMNY, WO NPM3BOAUTbL A0 3anycKy aneprivHMx mexa-
Hi3MiB Ha Tni iHTOKcuKKaUii [5].

Bu3aHa4eHHs iHOpMaTUBHOCTI 3MiH iHTErpanbHnX
iMyHOremMaTomnoriYyHux iHOEKCIB SK NOKa3HUKIB CUCTEMM
iIMyHITETY MOKa3ano, LLO BCi BOHW MEBHOO MipOto Bifobpa-
anu peakuito opraHiamy Kypem Ha BniuB TEXHOMNOr Y-
Horo ctpecopa (Tabn. 3).

[HopmaTUBHMMM iHOEKCaMM, SiKi BigpearyBanu Ha
CTYNiHb IHTEHCUBHOCTI fji cTpec-akTopa, BUSBUITUCH
IBITK, ICITT (IK), 1IP, ICITM, 1Nl Ta ICINE. Cepea HWX Haw-
YYTAUBILLMMW IHTErpasibHUMK iIMyHOreMaTosoriYHMK
inaekcamu, ski Bigobpasunu I, 1l Ta lll cTyniHb imyHono-
FMYHUX NOpPYLUEHb NPOMOPLIAHO OO HAPOCTAHHS iHTEH-
CMBHOCTI cTpecopa, € I3J1K ta ICJTM.

BucHoBku

KomnnekcHa ouiHka iHTerparnbHuUX iMyHoremartosno-
riYHUX iHOEKCIB Ha OCHOBI PO3LUMPEHOro 3aranbHOro
aHanisy KpoBi € iH(popMaTMBHOO B OLiHLI PO3BUTKY Ta
CTYNEHS TSHKKOCTi CTPECOBOrO CTaHy OpraHiamy Kypewn.
B Kypen y cTaHi XpOHIYHOro CTpecy crocTtepiranu nigsu-
weHHs iHaekcis I13J1K, ICIT1, NWWOE, 1IP, ICIM T1a ICJTM,
LLIO BKA3ye Ha 3CyB NnemnkouuTapHoi bopmynu Bnieo,
nepesary HecrneungivHNX 3aXMCHUX KIiTUH, Lo Biaby-
BAETbCSA BHACNiOOK PYHKLIOHANBHOMO NiABULLEHHS
nponidepaT1BHOT aKTUBHOCTI KICTKOBOIO MO3KY | BUpaxa-
€TbCA Y 36iNbLUEHHI KiNbKOCTI reTepodinis, NigBULLEHHI
TXHBbOI aKTMBHOCTI Yy MikpodparanbHo-MakpodaransHiin
cucTeMi iMyHHOIT BiAnoBigi Ta CBiAYMTL NPO HasABHICTb
B OpraHi3mi Kypein eHOoreHHoi iIHTOKCUKaLil | TopyLIeHHS
iIMYHOIOrYHOI PEaKTUBHOCTI, @ TaKOX NiATBEPIKYE aBTO-
IMYHHWIA XapaKTep naTosioriyHOro npouecy. BogHovac
BinOyBaeTbcs 3HWKeHHs iHgekcis I, 31, J1l ta ICIE,
LLIO NiATBEPOYKYE 3CYB NEeKouuTapHoi oopmynu BniBo
i CBIQYMTb NPO aKTUBAULiO KIITUHHOT NMaHKNU CUCTEMN
iIMYHITETY, BKa3ye Ha aKkTMBHY adanTuBHY peakuito 6inoi
KPOBI Ta 3HMKEHHS HecneumdiyHOro NpoTUiHeKUinHOro
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[liarHOCTUYHE 3HAYEHHS iIHTErpaibHUX iIMyHOreMaToNOrNYHMX iHAEKCIB SK MapKepiB XPOHIYHOro CTPecy y Kypen

3axMCTy BHacnigokK iHTOKCMKaLl, a Takox Bigobpaxae
nepeBaXkaHHA peakLin ynoBifibHEHOro TUMNY Hag rinep-
YYTMUBICTIO HErAMHOTO TUMY, LLIO NPU3BOAUTL A0 3anycKy
arnepriyHMx MexaHiamiB Ha Tni iHTokcuKauii. OgHovacHe
niguwenHs 13J1K ta aHwxeHHa NI cBigunTb Npo pos-
BUTOK €HOOMEHHOI IHTOKCMKaLLii B Kypen Ta NopyLUEHHSI
Y HUX iIMYHOMOrYHOT peaKTUBHOCTI BHACHIAOK aBTOIHTOK-
cviKauji opraHi3my nig vyac 4ecTpyKuil BNacHMX KITiTWH.

MepcnekTMBM NoganbLIKMX AocnigkeHb

MopanbLwui gocnimkeHHs ByayTb ckepoBaHi Ha BUBYEH-

Hs1 CTpeC-iHOyKOBaHMX NOPYLLEHb B OpraHi3Mi Kypen, cripuy-
YMHEHMX IHLLUMMW TEXHOMOMYHMMM CTpecopamu, 3 BUKO-
PUCTaHHAM iHTerpanbHMX iMyHOremMaTonoriYHuX iHOEKCIB.
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Diagnostic value of integrated immunohematological indices
as markers of chronic stress in laying hens

Yu. Osadcha
seledat@ukr.net

National University of Life and Environmental Sciences of Ukraine,
15 Heroyiv Oborony str., Kyiv, 03041, Ukraine

The study of stress in the conditions of industrial technologies of keeping laying hens and determining the level of technological
stressors influence on the physiological state of poultry is a necessary condition for the development of new methods of stress preven-
tion in choosing the best ways to keep them. The aim of the study was to determine the informativeness of integrated immunohematolog-
ical indices for the diagnosis of stress-induced disorders in laying hens under the influence of technological stressors of varying intensity.
Chronic technological stress was modeled by long-term keeping of laying hens at high planting density. The intensity of the stressor
was determined by increasing the density of laying hens. Integral immunohematological indices were determined on the basis of an
extended general blood test. It has been found that in laying hens, which due to prolonged exposure to high density were in a state
of chronic stress, there is a high level of endogenous intoxication and impaired immunological reactivity, as evidenced by increased
Leukocyte shift index, Immunoreactivity index, Leukocyte to erythrocyte sedimentation rate ratio, lymphocyte to monocyte ratio, het-
erophil to monocyte ratio. It is shown that under chronic stress in laying hens there is activation of the cellular part of the immune system,
active adaptive response of white blood, as well as the predominance of delayed-type reactions over immediate-type hypersensitivity,
as indicated decrease in lymphocyte-granulocyte index, general index, lymphocytic index and lymphocyte to eosinophil ratio. Thus,
integrated immunohematological indices are promising markers for the diagnosis of chronic stress in laying hens.

Key words: immunohematological indices, laying hens, stress, immunological reactivity, endogenous intoxication
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ExnporeHHi petpoBipycu PERV A/C y reHoMax cBUHeN yKpaiHCbKUX nopig
Ta IX 3B’S1I30K 3 piBHEM OCarnoBaHOCTI TyLU

T. M. Puk
tanya.ryk.77@gmail.com

JlbBiBCbKa MeguyHa akagemis imeHi AHgpes KpynuHcbkoro,
Byn. MNeTpa JopoweHka, 70, Jlbeis, 79000, YkpaiHa

MpencTaBneHi pesynsrat aHanisy Yyactotu petposipycy PERV nigtunis A i C y nony-

nAuisX CBUHEN nopifg yKpaiHCbKOI i 3apybixkHOI cenekuii. BcTaHOBNEHO pi3Hy YacToTy HasiB-
HocTi reHomy BipyciB PERV nigtunis A i C y TBapuH gocnigpkeHux nopig. Hanbinbwy BigHOCHY
KiNbKiCTb TBapWH, MOBHICTIO BiNbHMX Bi, PETPOBIpYyCiB 060X TUMIB, CrocTepirany y rpyni Qukmux
CBUHel (86%), HariMeHLLy — B rpynax nopig nontascbka M'cHa i meTpeH. TBapuH, BiNbHUX BiA
obox miaTunis Bipycy, BUSBNSAIOTb B YCiX AOCHIMKYBaHUX rpynax. Y CTaTTi po3rnsaHyTO rinotesy
oo 36iNbLUEHHS Yy NPoLEeCi JOMECTUKALT CBMHEN YAacTOTM OCOOWH, B FEHOMIi SIKMX MPUCYTHIN
petposipyc PERV. [HTerpauis octaHHbOro crtana npuMyvHOI MyTauii B reHax, BignoBiganbHoOi
3a XUpOoBIAKNagaHHs, ska Np1M3BoauTb A0 30iNbLIEHHS ocaneHocTi Tyw i Morna byTuy nigxonne-
Ha cenekLieto B NpoLeci CTBOPEHHS nopig. OgHak 04eBUOHOIO 3B’A3KY PO3MNOBCHOAKEHHS BipyCy
B Cy4acCHUX nopodax pi3HOro HanpsmMy npoayKTMBHOCTI HE BCTAHOBIEHO. TakoX BigCyTHIl 3B’A30K
MK NOKa3HMKaMy ocaneHocTi TyL i MPUCYTHICTIO B reHoMi ocobuH PERV. BcTaHoBREHO,
Lo iHgopmalisa npo posnoectomkeHH PERV A/C y nopogax CBMHEN, siKi po3BoaATb B YKpaiHi,
€ KOPUCHOHO LLLOJI0 MOXITMBOCTI BUKOPUCTAHHS KOXKHOT 3 HUX Ansi NoTpeb KceHoTpaHcnnaHTalLlii.
Takox Lo iHdopMaLito Moxe ByTv BUKOPUCTaHO AN 0BrpyHTyBaHHS nigbopy nopig-3aCHOBHUKIB

3 METOK CTBOPEHHS MiHili CBUHEN, BiNbHUX BiJ reHOMY eH0reHHOro peTpoBipycy.

Knrouosi cnoa: [IHK-TvnyBaHHS, KCeHOTpaHcnnaHTauid, eHaoreHHi petposipycy PERV

TvniB A i C, TOBLUMHA LLMNUKY, NOPOAN CBMHEN

OnHuMm i3 nepcnekTMBHUX HanpsamiB Ans Giomeany-
HUX JOCNigKEeHb € BUKOPUCTaHHS CBUHEN Ans noTpeb
TpaHcnnaHTonorii [3]. Mpy oMy BaXXNMBOKO NPOOemMoto
€ HasIBHICTb Y reHOMi TBapWH eHOOreHHNX pPeTpoBipyciB
PERV-A i PERV-C, siki MOXyTb 6yTn HeGe3neyHumm
ON1S NIOAVMHK 33 YMOBW KCEHOTPaHCMaHTaujii opraHis
CBUHiI [5].

Tun peTposipycy A Mmoxe iHdikyBaTK, OKpim KIli-
TUHHUX TiHi CBUHI, AesKi NiHil KNiTUH NoanHK in Vvitro,
a PERV-C 3gaTteH go pennikauii nuwe y kniTnHax
cBUHen [2]. MNpoTe ocTaHHIM YacoMm 3’ABNnSETLCS iHAOP-
MaLis CTOCOBHO YyTBOPEHHSI peKOMBiHaHTHUX BipyCiB
PERV-A/C, siki 3gaTHi 40 iHgiKyBaHHS KNiTUH NIOANHN
i JEMOHCTPYIOTb pennikaLlito 3 BUCOKMM TUTPOM [2], wo
€ AoKa3oM iHdekuinHoT KomneTeHTHocTi PERV-A/C.

BuaHayeHHst ocobuH, BinbHUx Big PERV-C, no3bta-
BUTb HAyKOBL}iB HEOOXIOHOCTI Y NpOBEAEHHi CKnagHnx
reHHO-IHXXeHEepHUX MaHinynsauii 3 HokayTyBaHHs JHK
LibOro Bipyca, a BidOMOCTI LLIOAO WOro BiACYTHOCTI Y ANKOrO

26

€BPONenNcLKoro kabaHa [1] MoxyTb ByTy nigcTasowo Ao
BUSIBINEHHS Ba)KaHUX reHHUX KOMOGiHaLii B aBOpUreHHMX
yKpaiHCbKMX nopig cBuHel. Tomy 0O0B'sI3KOBUM 3aBAaH-
HsIM Nnepes NPOBEAEHHAM CENeKLiNHMX 3axoaiB Mae Oyt
FEHETUYHMIA MOHITOPWHI BMXiAHUX NOpPig TBApWH LLoAo X
CnagKoBO OOYMOBIEHOI CTIMKOCTI JO CTPECOBMX (haKTopiB
i HasiBHOCTi GaykaHWX KoMOiHaLLM anenis, MakcUMansHO
nepeBedeHnx y roMo3nroTHUIA CTaH.

AHanis PERV y pi3Hux nopig CBINCLKUX CBUHEN MPO-
OEMOHCTPYBaB BMCOKY YacToTy BusiBneHHs PERV tunis
A i B y reHomax GinbLUOCTi JOCHIMKEHNX TBAPUH, MPO-
Te JOCUTb YacToO BUSBMSAIOTb CBUHEW, Y SIKUX BiOCYTHIN
PERV Ttuny C [10]. Ocobnueo ue cTtocyeTbcsa abopu-
FEHHUX CBINCbKNX NOpia CBUHEWN | ANKuX KabaHiB. 3rigHo
3 rinoTtesoto [7], nowmpeHHa PERYV y nonynsuisx cein-
CbKUX CBUHEN BUHUKIIO Y NpoLeci IXHbOI AoMeCcTuKaLil,
siKa CynpoBOpKyBanacs nigBuLLIEHHSM OCaneHoCTi TyLU
TBapWH. MonekynsipHoO-reHeTUYHE TECTYBAHHA 3 METOH
BUSIBNEHHS CBUHEW-HOCITB €HOOreHHOro peTpoBipycy
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Endogenic retroviruses of PERV A/C in genome of Ukrainian pigs and their relationship with the level of fat in carcasses

nigTunis A Ta C 4o3BONUTL NPOBOAMTM BiAbip TBApUH-
[OHOPIB 3i 3HUMKEHOI IHPEKLIMHO 34aTHICTIO.
MeToto poboTun Byno JocniaKeHHA PO3NOBCIOMKEH-
HS1 eHOoreHHUX peTposipyciB nigtunis A i C B reHoMax
CBUHEW nopia, siki po3BoadATb B YKpaiHi, i BCTAHOBNEHHS
MOXXITMBOIO 3B’S13KY PIBHSA OCArNeHOCTi TyLL CBUHEW 3 NPU-
CYTHicTIO B IXHbOMY reHomi PERV-A i PERV-C.

Marepianu i meTogun

Becb obcar gocnimkeHb NpoBeaeHnin Ha 6a3i nabo-
paTopii reHeTUKM IHCTUTYTY CBUHaPCTBA i arponpomumc-
noeoro BupodHuuTea HAAH.

Ona pocnigxeHHs 6yno BigibpaHo 3pa3sku BEHO3HOT
KpOBI Ta LLETWHW Bif TBAp1H OCHOBHOTO MOroriB’st MUPro-
poncekoi nopoam (M, n=40, AN «JocnigHe rocnoaapcTso
imeHi [lekabpucTiB» IHCTUTYTY CBMHApCTBa i arpornpo-
mMucnosoro BupobHmuTea HAAH); nonTaBcbKoi M'ICHOT
nopoay (MM, n=10, k/3 «[depkynbckuin», JlyraHcbka oorn.,
Ta Kk/3 «CTpineybkniny); yKkpaiHCbKOi CTENOBOI psiboi
nopoau (YCP, n=20, AckaHis-Hosa, XepcoHcbka 00n.);
B’€THAMCbKOI 3BMCnovepeBoi nopoaw (B, n=10); Benukoi
6inoi nopogu (BB, n=20, OMNAl «foHTapiBka» IHCTUTYTY
TBapuHHMUTBa HAAH); ykpaiHcekol M'sicHoi mopoam (YM,
n=22, 6aHk JHK nabopatopii reHeTukn [HCTUTYTY CBU-
HapcTea i AlB HAAH); avkoi ceuHi (C, n=7) Ta n'eTpeH
(MM, n=20, JocnigHa cTtaHLig XoeHXanMCbKOro yHisep-
cutety, HimeuunHa); cBmHi nopoam naHapac (J1, n=20,
TOB «XnibHey, JlosiBcbknii p-H, XapkiBcbka obr.).

[ocnimKkeHHs 3 NowyKy acouiauii MiXX MPUCYTHICTIO
OHK Bipycie PERV-C i PERV-A y reHomi cBMHEN Ta TOB-
LLIMHOIO LLNWKY NPOBOAWIM HA TBapUHAX MUPTrOPOACHKOI

Tabnuusa 1. YmoBu amnnidikauii reHis
Table 1. Gene amplification conditions

leH CTpyKTypa npanmepis
Gene Primer structure

nopoan (n=40). TOBLUMHY LUNUKY BU3HAYanNn Ha pPiBHi
6—7 xpebuiB NPWKUTTEBO 3a AOMOMOIO0 LLMUKOMIpa.

OHK Buainanm i3 KpoBi 3a 4ONOMOrot ioHOBIOHHOT
cmonu (5% pobouunn posunH Chelex-100) [9]. AHani3
petposipycis PERV nposogunu metogom MJIP-NAP® [4].
Jlokyc-crnieumdpivHy amnnidpikaLito MpoBOAUIM 32 CXEMOHO:
roTyBanu peakuinHy cymil (25 mkn) — 2,5 MK yHiBep-
caneHoro 10x PCR 6ydbepa, 1 mkn npsimoro F-nparimepa
(5 mkM), 1 mkn 3BopoTHoro R (5 mkM), 0,1 mkn (5 og.
akt.), Taq — OHK-nonimepasau (Thermoscientific, Nitea),
19,4 mkn geioHizoBaHoi Boan Ta 1 mkn OHK-maTtpuuj,
3rigHo 3 pekomeHgauismmn, PERV-C[11], PERV-A [12]
Ta a-Actin [6].

Peakuito npoBogunu B Tepmoumknepi « Tepumk-2»
(«OHK-TexHornoris», Pociicbka Penepauis). Ha peakuin-
HY CyMIiLL HaLLapOBOBYNW 25 MK MiHEparnbHOro Macna.
Mporpama amnnidgikauii: 95°C — 2 xB.; 35 uuknis:
95°C — 30 c, (Bignan npanmepis) °C — 30 ¢, 72°C —
3 xB, 72°C — 5 xB.

CrpykTypa npanmepis [1], Temnepartypa signany npan-
MepiB, AOBXWHA aMNIiKaTiB i hparMeHTn pecTpuKLil
npegcTaeneHi y Tabn. 1.

EnekTpodopes npogykTis amnnidikadii nposogunm
y 2% arapo3HoMy reni y Tpic-bopatHomy ernekTpodopes-
Homy Bydpepi. Meni hapbyBanu po3ynHoM 6poMMCTOro
etugito (0,5 mkr/mn) npotsirom 10 XB 3 HACTYNHWMM GaraTo-
pasoBUM BiAMMBAHHAM iX Y AUCTUMNLOBAHIN Bogi. Bisya-
nizauito pparmenTie [JHK nposogunu B YO-cBiThi.

doToaoKyMeHTaLto 3aiicHoBanu uugposoo ¢o-
Tokamepoto Canon Power ShotlS-S3.

MonynsuiiHo-reHeTUYHI XapaKTePUCTUKMN 0B4MCHAnm
3a gonomoroto Excel 2007 3 noganbLuo nobynoBoko
rpadikiB i Tabnuup.

AmMnnikoH / TeMnepartypa Bignany
Amplicon / annealing temperature

F: 5/-CTGACCTGGATTAGAACTGG-3/

281 n.H./65°C

224 n.H./60°C

PERV-C
R: 5/-ATGTTAGAGGATGGTCCTGG-3/
F:5/-TCCGTGCTTACGGGTTTTAC-3/
PERV-A
R:5/-TTGCCAATCTTTCCATCTCC-3/
F: 5/-CGCCATGTGTGACGAAGACGAGACC-3/
a-Actin

516 n.H./62,5°C

R: 5/-CACGTACATGGCGGGCACGTTGAAG-3/

Pe3ynbratn 1 06roBopeHHs

BusiBneHHs1 reHOMIB PeTPOBIPYCIiB y CNaKoBOMY Ma-
Tepiani kNiTuH TBapuH nepenbdadae MNMIP-amnnicdikadito
¢parmeHTa JHK Bipyci. [pu LibOMY KpUTEPIEM KOPEKT-
Horo nposefeHHa MNJIP 3aszBuyan € amnnigikauia
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y 3pas3ky [JHK TBapuHu cbparmeHTa ogHOro 3 reHis
«BHYTPILWHbOI ByaoBu» KNiTUHW. Y Hawin poboTi e
OyB reH a-Actin, doparmeHT sikoro po3mipom 516 n.H.
BUSIBNANU Ha enekTpodoperpami y KOXHOMY 3 JoCHi-
KyBaHWMX 3pasKiB i AKMIA CriyryBaB BHYTPILLHIM NO3u-
TUBHMM KOHTporem amnnidpikadii y dpopmati aynnekcHol
MJP (puc. 1, 2).
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Puc. 1. [JHK cB1Hen MMpropoacbkoi nopoau, enektpogopes
y 2% arapo3Homy reni npoaykTis mynstunnekc MNP
PERV-C — a-Actin (LAPC).

M — mapkep monekynspHoi macu, 50 bp DNA Ladder

(Bia 50 po 500 bp); 1-5 — npogykT mynstunnekc MNJ1P
PERV-C — a-Actin (LAPC)

Fig. 1. DNA of Myrhorod pigs, electrophoresis in 2% agarose gel
of PERV-C — a-Actin (LAPC) PCR multiplex products.

M — a molecular weight marker, 50 bp DNA Ladder

(from 50 to 500 bp); 1-5 — multiplex PCR product

PERV-C — a-Actin (LAPC)

1 2 3 4 5 6 7 8 9

224 & i : AR
n.H Vi

Puc. 2. [IHK cBrHen MMpropoacbkoi mopoau, enekrpodopes

y 2% arapo3Homy reni npoaykTiB mynstunnekc MNP

PERV-A — a-Actin (LAPC).

M — mapkep monekynsapHoi macu, 50 bp DNA Ladder

(Big 50 po 500 bp); 1-3, 6, 8 — npogykTn mynstunnekc MNJ1P
PERV-A + a-Actin (LAPC);

4,5, 9 — 3pa3sku, y sKkux BigcyTHin reH PERV-A

Fig. 2. DNA of Myrhorod pigs, electrophoresis in 2% agarose gel
of PERV-A — a-Actin (LAPC) PCR multiplex products.

M — molecular weight marker, 50 bp DNA Ladder (from 50 to 500 bp);
1-3, 6, 8 — products of multiplex PCR PERV-A + a-Actin (LAPC);
4, 5,9 — samples with no PERV-A gene

[MpoBeneHo aHanis reHoMis petposipycis PERV-C
i PERV-A y cBuHeR pisHUX nopig i Hanpsimis npoayk-
TMBHOCTI. Y cybnonynsauii ANKoi CBUHI HOCIiB peTpo-
Bipycy PERV-C He BUSABNEHO, LLO Y3rogXyeTbesl 3 Aa-
Humm [10] npo X BiACYTHICTb cepen CBUHEN «OMKOro
Tmny» (puc. 3).
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HalnmeHLLOo YacToTo HOCIIB reHOMIB PETPOBIpYCIB
PERV-C xapakTtepuayBanuncs cybnonynsuii CBUHen
YKPaiHCbKOI M’AACHOT NOpoaAX, MUPrOPOACHLKOI Ta MNopo-
an m'eTpeH. BogHouac Bipyc PERV-C BusiBneHo y Bcix
OOCHniAXeHNX CBMHEWN B’€THAaMCbKOI 3BMCOYepeBol
nopoau. Bucokun piBeHb po3noOBCIOAKEHHS LibOro nia-
TUNY PETPOBIPYCY CrocTepirany y NonTaBCbKi M'ACHIN
nopogi; cepen CBMHEN Nopia ykpaiHCbka cTenosa psiba,
naxpgpac i Benvka 6ina — y nonoBnHW TBapvH BUSABIe-
Ho reHom PERV-C. Hawi aaHi 3aranom nigrBepoxyoTb
pesynbraty, OTPUMaHi iHLMMK aBTopamMu Npo po3no-
BclogkeHHs PERV-C y nonynsauisx cBuHen canbHUX
nopia [7] — y B’€THaMCbKilA 3BMCIOYEPEBIN | yKpaiH-
CbKill cTenoBin psAbii, Ski Hanexatb A0 nopig 3a3Ha-
YEHOro HanpsiMy NPOAYKTUBHOCTI, YacToTa CTaHoBUNA
100% Ta 55% signosigHo. OgHak BapTo 3ayBaxuTy,
LLIO pi3HMUS Mix YacToTamm PERV-C, siki TpannsaoTbest
B 4OCNIigKyBaHWX cybnonynsuisix, He 3aBxam ctaTunc-
TUYHO nigTBEepOKyBanacs (puc. 3).

AHani3 HasBHocTi reHomy Bipycis PERV nigtuny A
B Cybnonynauisax cBUHEN A0CMigKyBaHMX Mopig, TakoX
BMSIBMB iX pi3Hy YacToTy (puc. 4). B ocobuH, aki npea-
CTaBnNATb rpyny Aukoro kabaHa, nopoay naHgpac
i ykpaiHcbky cTenoBy psby, PERV-A BusBnsanu 3 BigHoc-
HO HM3bKOK YaCTOTOM, TOAi SIK BCi CBUHI B'€THAMCBLKOI
3BUcno4vepeBoi nopoam 6ynu HocigMK LBOro BipycCy.
Y nonTaBcbKin M’'SAICHI nopogi noro YacTka carana 90%,
AeLL0 MEHLUIOK BOHAa BCTaHOBMeHa B cybnonynsuisax
MUPropoachKoi i Benukoi 6inoi nopig. MpumiTHO, Lo
HaMMEHLLUOK YaCcTOTO HOCIiB 060X nmigTmniB Bipycy
XapakTepusyBanucst AMKi CBUHI. HaBnaku, y B’€THaMCbKil
3BUCMOYEPEBIN MOPOLj BCi TBAPWHW HECIIM 0OMABa reHOMM.
Takox 3 BUCOKMMUM YacToTaMu Tpannanucs sipycn PERV
0obox niaTvniB y reHomax TBapuH i3 cybnonynsuii non-
TaBCbKOiI M’ICHOI mopoau.

3aranom aHani3 HasiBHOCTi B reHOMi cBuHen PERV
BipyciB nigtunis C abo/Ta A Npu3BiB 4O TaKOMo pesynbsrary:
BiMbHi Big 060X NigTMNIB BipyCy TBApUHW BUSIBNSAOTLCSA
B YCiX JOCHiIKyBaHUX rpynax (Tabn. 2).

HanbinbLuy BiQHOCHY KinbKiCTb TBApWH, MOBHICTHO Biflb-
HWX Big peTpoBipyciB 060X TMNiB, crnocTepirany y rpyni
ONKNX cBUHEN (86%), HaMMeHLy — B rpynax nopig
MONTaBCBHKOI M'ACHOI | MeTpeH. Llen pesynbrar 4acTkoBO
Y3rofXXyeTbCsl 3 TBEPIXKEHHAMM MPo Te, WO NiaBULLIe-
He BigKNaAEeHHSs XUPY Y CBINCbKMX CBUHEW, NOPIBHAHO
3 OAVKUMU YW PaHHIMU JOMECTMKOBAHNMN hopMamu, €
FEHETUYHOIO aHOManIE, A0 BUHMKHEHHS SIKOI NpU3BENo
NOPYLLUEHHAM CTPYKTYPU FeHiB KiNbKICHUX O3HaK BHacHi-
Aok Bctasku petposipycy PERV [8]. OgHak cenekuis
CBMHEW Ha MOKpaLLEHHS M'ICHUX SIKOCTEN, SIK Lie BUNIK-
Ba€ 3 pesynesratiB aHanidy nonTaBcbKol M'ICHOT MOpoau
i MeTpeH (ynsrpam’sicHa nopoga), He npv3sena 4o 3MeH-
LLEHHS YacToTu reHomiB peTpoBipyciB PERV obox nigtu-
niB B ixHix nonynsuiax [10]. BogHo4yac B iHWMX M’ ACHUX
nopopax, nNaHapac i ykpaiHCbKii MACHIN, YacTka TBapuH,
BiNIbHUX Big reHOMiB 000X BipycCiB, 3Ha4HO BULLA i cArae
23 i 35% BignoBigHo. YacTka TakmMx 0COOWH B YKpaiHCbKil
cTenosin pAbin nopogdi, ANs KOl XapakTepHa 3HayHa
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3BUCTIOYEPEBA  M'siCHA  cTerosapsiba M'scha poacska  6ina  Landrace Piétrain - Wild swine
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Pot-bellied ~ Meat ~ Spotted Steppe ~ Meat White
(n=10) (=22 (n=20) (n=20) (n=20)

Puc. 3. PosnosciogkeHHs niatuny petposipycy PERV-C
y BUBipKax CBUHEW BITYM3HSHUX Ta iHO3EMHUX Nopig
Fig. 3. Distribution of PERV-C retrovirus subtype

in samples of domestic and foreign pigs

lMpumimka. CTaTUCTUYHO NigTBEPAXKEHI BiAMIHHOCTI

Mix cyononynsuismu: P<0,001 — B/YM, B/, B/M;

P<0,01 — B/YCP, B/Bb, B/, B/AC, YM/IIM, MM/M, NM/M, NMM/AC;
P<0,05 — B/NM, YM/YCP, YCP/OC, M/AC, BE/OC, n/AcC.

Note. Statistically significant differences between subpopulations:
P<0.001 — V/UM, V/P, VIM; P<0.01 — V/USS, VILW, VIL, VIW,
UM/PM, PM/M, PM/P, PM/W; P<0.05 — V/PM, UM/USS, USS/W,
M/W, LW/W, L/W.

ocarneHicTb Ty, nepebyBae Ha TakoMy X piBHi (30%).

Mo>kHa NpUMyCTUTK, LLIO A0 CeneKLiiiHoro npouecy, crpsi-

MOBaHOTO Ha 3MEHLLEHHS OCarneHoCTi TyL i 36inbLUEHHS
BMXOY M’'Sica, 3anyyeHi 1 iHLLi NOKYCY reHOMY, a He nue
Ti, Ae Bigobynacs iHTerpauis BipycHoi JHK. Amxe Bigomo,
LLIO O3HaKa BiOKNaAaHHS Xupy Y TBapyMHU Ma€ NomireHHy
npupoay i 3anexuTsb Big Aii 6araTboX reHis.

3aranom Halli AaHi BNMCYHTbCSA Y KOHTEKCT Tino-
Te3n npo 36inbLUeHHs Yy NpoLeci AOMecTuKaLLi CBUHEN
4YacTOTW BUSIBNIEHHSA OCOOWH, B FEHOMI SIKMX MPUCYTHIN
petposipyc PERV. Lle TBepaXeHHs BUNnuBae 3 aHa-

Ta6nuus 2. TeapuHu 3 peTpoipycom PERV tunis A ta C
Table 2. Animals with PERV retrovirus types Aand C

3 oboma Tmnamm
With both types

[Nopoau ceBuHen

PERV-A distribution, %

PosnoBctogkeHHst PERV-A, %
n

100 o5
.- 80
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40 25 25
14
° 7
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B'eHamcbka Yikpaikceka Ykpaikcka Mommascska Mupro-  Benuka  Jlanppac [MetpeH [luka ceuhst
icriovepesa  MsicHa  crenosapsba  M'acha  poaceka  6ina  Landrace Piétrain - Wild swine
Vietnamese Ukrainian ~ Ukrainian ~ Poltava Myrhorod Large  (n=20) (n=20)  (n=7)
Pot-bellied ~ Meat Spotted Steppe ~ Meat White

(n=10)  (n=22) (n=20)  (n=20) (n=20)

Puc. 4. PosnosciogxeHHs niatuny petposipycy PERV-A
y BUBipKkax CBUHEWN BITYU3HSAHUX i 3aKOPAOHHMX Mopia
Fig. 4. Distribution of PERV-A retrovirus subtype

in samples of domestic and foreign breeds of pigs

lMpumimka. CTaTUCTUYHO NigTBEpPAXeHi BiOMIHHOCTI

Mix cybnonynsauismm: P<0,001 — B/YCP, B/, YCP/TM, M/,
P<0,01 — B/M, B/OC, YM/N, YCP/M, YCP/M, N/M, NM/AC;
P<0,05 — B/YM, B/BB, B/I, YM/AC, NM/M, NMM/BB, BB/, M/AC.
Note. Statistically significant differences between subpopulations:
P<0.001 — V/USS, VI/L, USS/PM, P/L; P<0.01 — VIM, V/W,
UM/L, USS/M, USS/P, L/P, PM/W; P<0.05 — V/UM, V/LW, V/P,
UM/W, PM/M, PM/LW, LWIL, P/W.

ni3y reHomiB 0COBVH i3 cybnonynsuin QUKNX CBUHEN
i HA3KM cyyacHUX nopia. Ane Wwoao 3B’A3Ky 3anexHOCTi
yacToTu po3nosciogxeHHs PERV y nopogax Big Ha-
nNpsiMy IXHLOI NPOAYKTUBHOCTI i, BiANOBIAHO, Bif, Xapak-
TEPHOro AN Nopoau PiBHS OCaneHoCTi TyL, OTPUMaHI
[aHi He cBigYaTb Ha KOPUCTb Takoro 3B’s3ky. OgHak Le
He YHEMOXIUBIIOE NOro iCHYBaHHSA Ha iHAUBIAYyanb-
HOMY piBHi B Mexax okpeMoi cyononynsuii. OcTaHHe
MOXHa nepesipuTy, NPOBIBLUM acoLuiaTUBHUIN aHani3
TBapuWH, OUiHEHUX 3a OOHWM i3 OCHOBHUX MOKa3HMWKIB
BigKNagaHHSA X1py — TOBLLMHOK CMUHHOIO XUPY.

MoBHicTIO BiMbHI
Completely free

Breeds of pigs YacrTka Big 3aranbHoOi KirnlbKOCTi o YacTka Bif 3aranbHOi KinbKOCTi o
Part of the total ° Part of the total °
Mwupropopckka / Myrhorod 6/40 15 9/40 23
B’eTHamcbka 3BucnovepeBa
Vietnamese Pot-bellied oy e e B
YkpaiHcbka m’sicHa / Ukrainian Meat 3/22 14 5/22 23
YkpaiHcbka cTenoBa psiba
Ukrainian Spotted Steppe 2/20 o 6/20 30
MonTaBcbka M'sicHa / Poltava Meat 15/20 75 1/20 5
Benwka 6ina / Large White 9/20 45 6/20 30
INangpac / Landrace 2/20 10 7120 35
[TeTpeH / Piétrain 3/20 15 1/20 5
Owuka cBuHs / Wild swine 017 - 6/7 86

The Animal Biology, 2021, vol. 23, no. 2
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Tabnuusa 3. KopenaTmBHWI 3B’A30K MiXX HAABHICTIO BipyCiB y reHOMi CBUHEN MMPropoACbKOi MOPOAU | TOBLUMHOK CMIMHHOIO XUpY
Table 3. Correlation between the presence of viruses in the genome of Myrhorod pigs and the thickness of spinal fat

MpucyTHiCTb BipyciB B reHOMi TBapuWH
The presence of viruses in the genome of animals

n (Homep rpynu)
n (group number)

ToBLUMHA LUMNWKY, MM
Fat thickness, mm

KoedpiuieHT Kopensuii (r)
Correlation coefficient (r)

10 (1)

PERV-C*

PERV-C- 30 1)
PERV-A* 27 (I
PERV-A- 130v)
PERV-A*un C* 31(V)
PERV-A/C- o (Vi)
PERV-A*+C* 6 (VII)
PERV-A/C- 8 (VI

33,00+1,96

0,553
31,97+2,57
31,33+0,78

0,083
34,08+1,51
31,97+1,72

0,527
33,11+1,59
30,83+1,23

0,510
32,50+1,28

AcouiaTuBHMN aHani3 NpoBeAeHO Ha rpyni CBUHEN
MUPropoackKoi nopoau. Moro meToro 6yno BCTaHOBMEH-
Hs1 3B’sI3KY MiXK HasIBHIiCTIO B reHoMi TBapuH [JHK petpo-
Bipycy PERV i TOBLUMHOIO CNIMHHOTO XupY, Pesynsratu
aHanisy npegcraeneHi y Tabn. 3.

BigaHaummo, wo cepepn TBapuH i3 PERV-C ToBLWMHA
LINMKy Konuearnacs Big 26 oo 45 MM y CBMHOK poauvHK
Pycankn. Cepepg cBuHen 6e3 PERV-C ToBLUMHA LUNKKY
BapitoBana Big 25 mm y TBapuHu Ne1010 3 poamHm 3opbki
00 40 mm B ocobuHu Ne154 3 poamHm Jlackasoi. MoxHa
BiI3HAYUTU 3HAYHI MeXi BapitoBaHHS JOCNIAXYBaHOI
03HaKuM HaBiTb B MeXax OAHI€El pogyuHK, WO CBigYNTb
npo doopmarsibHe 3apaxyBaHHSA TBApWH 40 NEBHOT POANHM
i BiOCYTHICTb CNPsSAMOBAHOI CenekLii BcepeauHi reHeano-
MYHNX POANH Ta TIXHIO FrEHETUYHY reTepPOreHHICTb.

AHani3 acoujauii TOBLWHW LLNWUKY Y TBAPWUH MUPro-
POACHKOI NOPOAM 3 MPUCYTHICTHO B ix reHomi PERV-C,
PERV-A He BUABMB CTaTUCTMYHO NiATBEPAXKEHMX pe-
3ynbrarie. MoXHa roBopuTH ninie npo NeBHY TEHAEHLLO
Ao Takoi acoujauii wono PERV-A. Y usomy Bunaaky casu-
Hi, B reHoMi sikmx BigcyTHin PERV-A, xapaktepuayBanuca
GiNbLUOO TOBLUMHOMO LNKKY. MOXMBO, 3a 36inblUeHHS
KiNbKOCTI 4OCHIAHMX TBApVH LIEV 3B’'A30K MaTUMe CTaThC-
TUYHe niaTBepoKeHHS. Ane e cynepeymTb NPUMyLLEeHHIo
NpPO MO3UTUBHMWI 3B’A30K Mi>K MPUCYTHICTIO B rEHOMi Bi-
pycy i piBHEM OCaneHoCTi TyLui.

OTpvmaHi HaMu pesynbTaTv OCNigKEHHS nigTBep-
OXKYIOTb rinote3y npo 36inbLIeHHS TOBLUMHW LMUKY
y npoueci AoMecTuKaLlii CBUHEN, Y FrEHOMI SKMX npu-
cyTHin petposipyc PERV. IHTerpauis octaHHbOro ctana
npuunHoto myTauii B QTL xupoBsigknagaHHs, Wo npu-
3Ber0 A0 30iNbLUEHHsI OCaneHoCTi TyL i LIS 03HaKa Morra
OyTu1 nigxonneHa cenekuieto B NpoLieCi CTBOPEHHS nopia,.
OpaHak 04eBMOHOTO 3B’SA3KY PO3MOBCHOOXKEHHS BipyCy
B Cy4YaCHMX Nopoaax pi3HOro HanpsiMy NPOAYKTUBHOCTI
He BCTaHOBMEHO. TaKoX BiACYTHIN 3B’A30K MK OAHUM
3 OCHOBHMX MOKAa3HUKIB 0OCaneHoCTi TyLUi i NPUCYTHICTIO
B reHomi ocobmHn OJHK PERV.

30

BucHoBKku

BcTraHoeneHe posnosctogkeHHs PERV gsox nigtu-
niB y Nopofiax CBUHEN, AKMX PO3BOASATL B YKpaiHi, Hajae
iHdbopMmaL,ito MPO MOXINUBICTb | AOLIMBHICTL BUKOPUC-
TaHHS KOXXHOI 3 HMX Ansi NoTped KceHoTpaHcnnaHTaLwji.
3 iHworo 6oky, us iHbopmaLis MOXe NArTM B OCHOBY
nigbopy nopia-3acHOBHUKIB ANA CTBOPEHHS NiHIN
CBWHEWN, BirbHUX Bi reHOMY €HOOreHHOro peTpoBipycy.
Kpim Toro, BiagCyTHICTb ab0 HeE3HaYHEe PO3MNOBCHOAKEHHS
PERV y nonynsuisx guKMX CBUHEW i B aBOpuUreHHnx
nopogax € Ao4aTKOBUM BaXXSIMBUM aprymMmeHTOM Ha
KOPUCTb iX 30epeXxeHHs1 i BUKOPUCTaHHSI.

MepcnekTuBM noganbLUNX AOCAIAXKEHb

Y HacTynHux gocrnigax nnaHyeMo BUBYMTU iMYHO-
FEHETUYHI | MONEKYNSPHI XapakTepUCTUKM iHLLWX Nopig
CBUHEN, SKNX PO3BOAATb B YKpaiHi, ANsl BUBHAYEHHS
MOXIMBOCTI iX BUKOPUCTaHHS AN KCeHOTpaHCnnaHTauji.
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Endogenic retroviruses of PERV A/C in genome of Ukrainian pigs
and their relationship with the level of fat in carcasses
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The article presents the analysis of the PERV retrovirus subtypes A and C frequency in populations of Ukrainian and foreign breed pigs.
Different frequencies of the PERV A/C genome presence in animals of the studied breeds were established. The largest relative number
was observed in the group of wild pigs (86%), the smallest was in the groups of Poltava meat and Piétrain breeds. Animals free of both
virus subtypes were found in all study groups. The article considers the hypothesis of an increase in the frequency of PERV retrovirus in
the pigs’ genome during domestication. Its integration caused a gene mutation responsible for fat deposition which led to increased fat
amount in carcasses and could be picked up by selection in the process of creating breeds. However, there is no obvious link between
the spread of the virus in modern breeds in different areas of productivity. Also, there is no association between carcass fat amount and
the presence of PERV in the genome. It is established that the information on the PERV A/C distribution in pig breeds hold in Ukraine is
useful in terms of the possibility of using each of them for xenotransplantation. Also, this information can be used to justify the selection
of founding breeds in order to create lines of pigs free from the endogenous retrovirus genome.
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Ponb etany aerigpaTauil B pO3BUTKY NOCTriNnepTOHIYHOro remorni3sy

epuTpouUTiB ccaBUiB

O. €. Hinom, O. O. WarikiHa, 1. M. 3y6os, H. B. Opnioea, H. M. LLiInakoea

nipotel71@gmail.com

IHcTUTYT Npobnem kpiobionorii Ta kpiomeanumum HAH Ykpainu,

Byn. MNepescnascbka, 23, M. Xapki, 61016, YkpaiHa, cryo@online.kharkov.ua

MeToto poboTu Byno OUiHUTU piBEHb NOLUKOAXEHHSA epUTPOLIUTIB CCaBLiB 3a YMOB
NOCTriNePTOHIYHOrO LWOKY 3anexHo Big kKoHueHTpauii NaCl B cepefoBuwli gerigpaTtauii Ta
BU3HAYNTU BNNUB rinepToHiYHMX po3unHiB NaCl Ha cTaH epuTpouuTiB ccaBLiB METOAO0M Npo-
TOYHOI UMTOMETPIT. [INs1 4OCATHEHHSI METU BUKOPUCTOBYBAsN CNEKTPOOTOMETPUYHI Ta LIUTO-
METPUWYHI MeToan gocnigkeHHa. OTpuMaHi gaHi nokasanu, Wo NocTrinepTOHIYHMIA Ni3nuc epu-
TpoUMTIB ccaBLiB 3anexutb Big koHueHTpauii NaCl y cepepoBuli gerigparadii, npy LbomMy
HaN4YyTAMBILMMK 00 Aii NOCTriNePTOHIYHOMO LIOKY € epUTPOLMTU LLypa, HAUMEHLL YyTrBK-
MW — KMITUHWU Kponuvka. LInToMeTpryHi AOChigKEeHHS BUSBUIW 3HAYHI 3MiHW ricTOrpamM po3no-
[iny epuTpouuTiB YCiX BUAiB CCaBLiB 3a 3pOCTaHHSA KOHUEHTpaLii coni B cepeaoBuLLi aeriapa-
Tauii. Lli 3miHn € BugocneumdiyHMmMm i, IUMOBIPHO, NOB’A3aHi 3i 3MiHOIO 06’eMy Ta Mopdonorii
kniTnH. OTpMMaHi gaHi 4O3BONUIM BUSIBUTU B3aEMO3B A30K MidK PiBHEM MOCTTiNEepPTOHIYHOro
remMonisy Ta 3Ha4YeHHsMMW TakuMxX NOKAa3HUKIB, ik MefiiaHa po3noAiny Ta koediuieHT Bapialil.
Tak, nigBWLLEHHST YYTIIMBOCTI EPUTPOLIUTIB CCaBLB A0 MOCTTINEPTOHIYHOIO LUOKY 3i 30iNbLUEHHSAM
KOHLeHTpaUii coni i cepenoBuLi AerigpaTauii 3a3sn4yar CynpoBOAXYBanocs 3MeHLEHHAM
3HaAYEHHS MediaHn po3noainy KniTWH, a BULL 3HAYEHHs1 koedilieHTy Bapiauii xapakTepHi ans

epuTpounTIB CCaBL,iB, LLO € CTIMKUMU 0 Ail NOCTriNePTOHIYHOrO LLIOKY.

Knro4yoBi cnoBa: eputpoumTth ccasLiB, gerigpartadisi, NOCTriNepPTOHIYHNIA LLOK, LINTO-

MeTpisi, MefiaHa po3noainy, koediuieHT Bapiauji

BrBYEHHS MEXaHI3MIB KPIOMOLLKOMKEHb | KPIO3aXUCTY,
SKi peanisyloTbCsa Ha pPidHMX eTanax HU3bKoTemnepa-
TYPHOro KOHCepBYBaHHSA KNiTUH, 30Kpema Ha eTani
PO3MOPOXKYBaHHS, 3arnvLIaETbCH OQHIEI0 3 aKTyanbHUX
npobrnem cyyacHoi kpiobionorii [4]. OgHum 3 cbakTopiB
KpionoLwWKOOXXEHHS, KA CYTTEBO BMMIMBAE Ha CTaH
€pUTPOLNTIB, € KOHLEHTPYBaHHSA COMNbOBUX PO3YNHIB
nig Yac BUMOPOXYBaHHs Boau. Bnnus uboro daktopa
MOXe OyTu BM3HaYanbHMM Ha eTani po3MOpPOXKYBaHHS
epuUTPOLMTIB, KON B MipY TaHEHHSI NboAY YMOBW rinep-
TOHIYHOIO OTOMEHHS KNITUH 3MIHIOTBCA Ha i30TOHIYHI
i epUTPOLUTM BHACTIAOK Pi3KOi 3MiHWU OCMOTUYHMX YMOB
ni3ytoTb. N9 BUBYEHHS LIbOTO SIBMLLIA BUKOPUCTOBYHOTh
MoZenb NOCTriNepTOHIYHOrO LWOKY. MpoTokon ekcnepu-
MEHTY MICTUTb BUTPUMYBAHHA KMITUH Y FiNEPTOHIYHMX
po34MHaXx i HaCTyrNHe NepeMilLleHHS TX B i30TOHIYHI yMO-
By [14, 15]. CyyacHi ysiBNneHHs Npo MexaHi3m nocT-
riNepPTOHIYHOIO LLOKY epUTPOLMTIB JIIOOUHN OXOMITHOTh
NOLLKOMKEHHSA MembpaHu Ha eTani gerigparaldii, Konm
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BinOYyBaETLCA MPOHUKHEHHS iOHIB HATPIilO 3 No3akni-
TMHHOIO cepefoBULLIa Ta 3B’A3yBaHHS iX 3 BinkoBMMUK
Mornekynamu BcepeauvHi knituHu. HakonuyeHHsa Haa-
JINLLKOBUX KaTiOHIB MPM3BOAUTL A0 JOAATKOBOIO BXO4y
BOAW 00 KNIiTUH Ha eTani perigpaTauil. Ak Hacnigok,
ob’em eputpoumTiB 36iNbLIYETLCH | 38 NEpPeBULLEHHS
3Ha4YeHb KPUTUYHOIO reMoMiTUYHOro 00’EMy KMiTUHM
pynHytoTbCs [11].

Ha BigMiHy Big epuTpounTiB NIOANHU, BUBYEHHIO
AKX 32 YMOB KPIOKOHCEPBYBaHHS NPUCBAYEHO Garato
poGit [4, 9, 11, 17], epuTpounTK TBAPWH 3a LUX YMOB BU-
BYEHi HeaoCTaTHLO. [MOpPIBHAMBHI AOCNIMKEHHS, Y AKUX
BMBYEHO peakLito KMiTUH Pi3HUX BUAiB CCaBLiB Ha Ao
MOCTTiNEPTOHIYHOTIO LLIOKY, MOXYTb OYTV BXKIIMBUMM SIK
ans ranysi kpiobionorii, Tak i B 3aranbHoGionoriyHoMy
nnai. Kpim Toro, otpumaHi pesynsratu MOXyTb Cry-
ryBatv nigrpyHTaM ans popmyBaHHS ysiBMeHb LOAo
MEXaHi3MiB KpPiONOLLKOAXEHHS epUTPOLMTIB CCaBLiB
3a X HU3bKOTEMMEPATYPHOro KOHCEPBYBAHHS.
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Meta po60T1 — BUBYMTY PiBEHb MOLLKOMKEHHS epu-
TpOUMTIB CCaBLiB 3a YMOB NOCTTiNEPTOHIYHOIO LLIOKY
3anexHo Big koHueHTpauii NaCl B cepenoBuLi aeri-
apaTauii i BA3HaUnTU BNIIMB TiNEePTOHIYHNX PO3YNHIB
NaCl Ha cTaH epuTpoLUTIB CCaBL|iB METOAOM MPOTOY-
HOT LIUTOMETPii.

MaTepianu i meTogm

[na gocnigkeHHs BUKOPUCTOBYBanNun eputpoLmnTy,
OTpUMaHi 3 JOHOPCLKOI KPOBI NtoguHn (Homo sapiens),
wypa (Rattus norvegicus) i kponuka (Oryctolagus cunic-
ulus), 3aroToBneHoi Ha reMOKOHCEpPBaHTI «[Mtoriunp»
(Bioghapma, YrpaiHa). PoboTy 3 TBapvHamy nposBogunm
BiAMOBIOHO 0O «3aranbHUX NPUHLMNIB EKCNEPUMEHTIB
Ha TBapuHax» (V HauioHanbHuin koHrpec 3 GioeTukuy,
Kuig, 2013), y3romkeHnx 3 NorioXeHHAMN «EBponen-
CbKOi KOHBEHLiT Npo 3aXncT XxpebeTHUX TBapuH, WO
BMKOPUCTOBYIOTbCH AN €KCNEPUMEHTaNbHMX Ta iHLLNX
HaykoBux Uinen» (Ctpacbypr, 1986).

[Micna BuaaneHHs nnasmv epuTpomacy Asidi BigMu-
Banu LeHTpudyryBaHHsaM (ueHTpudpyra «OlMH-3Y4.2»,
Kupruscrax) 3a 1000 g npotarom 3 xBunuH y 10-kpaTtHo-
My o6’emi dpigionoriyHoro po3yuHy (NaCl 0,15 monb/rm;
Na-docdathuin 6ydep 0,01 monw/n, pH 7,4). Nerikouu-
TapHy NMIBKY i cynepHaTaHT BUaananu acnipadieto nic-
NS KOXHOrO LieHTpudpyrysaHHs. EputpoumnTn 36epiranu
y BAMSAAI WinbHoro ocagy He Ginblue 4 rogvH 3a Tem-
nepatypu 0°C. Bci cepegoBuLLia npurotoBaHi Ha doc-
datHomy Bydpepi (0,01 monb/n, pH 7,4). KoHueHTpaLito
PO34UHIB KOHTPOMOBANN BUMIPIOBAHHAM OCMOSASILHOCTI
Ha ocmomeTpi OMKA 1L, 01 (Ykpaina).

MNocTrinepTOHIMHMI LLOK 34IMCHIOBANN NEPEHECEHHAM
epuUTPOLUTIB 3 FiNepPTOHIYHOro po3ymnHy (etan geri-
apatadii, 0,4-2,0 monbe/n NaCl) B i30TOHIYHWIA PO34MH
(etan perigpartaduii, 0,15 mone/n NaCl) 3a 37°C.

CTyniHb remonisy KOHTPOroBanu BU3Ha4YEHHAM pPiBHSA
remornobiHy y gocnigxysaHux 3paskax. Bmict remo-
rmobiHy B cynepHaTaHTi BU3Ha4anm cnekrpodoTome-
TPUYHUM MeToaoM Ha CD-4A 3 NPOTOYHOIO KIOBETOHO 3a
OOBXWHU XBUAi 543 HM | BUpaxanu y BigcoTKax wono
100%-ro remonisy eputpouuTis. 3a 100% npuiimanu
MOMMHaHHA NPo0, A0 AKX AodaBanu AETEPreHT TPUTOH
X-100 y koHueHTpauii 0,1%.

LinTomeTpuryHi AOChigKEHHS MPOBOAMN Ha MPOTOY-
Homy umTtodonyopumeTpi «FACS Calibur» (Becton Dick-
inson, CLWA). MegiaHy Ta koediLieHT BapiaLii Bu3Hadyanm
3a JaHVMU po3noainy KNiTUH Ha OCHOBI MOKa3HUKIB
npsmoro ceitnoposcitoBaHHA (FCS) 3a gOBXMHN XBUNi
aproHHoro fasepa 488 Hm. Iig Yyac kKoXXHOro BUMIpY Npo-
paxoByBanu 20 000 nogin. EputpouuTtu iHkybyBanu npo-
Tarom 20 xB npu 37°C B posumHax NaCl (0,4—2,0 mornb/n),
npurotoBaHux Ha poccpatHomy Bydepi (0,01 monb/n,
pH 7,4). KOHTponbHi 3pa3ku epuTpouuTiB iHKyOyBanm
y cpizionoriyHomy posuunHi (NaCl 0,15 monb/n; chocdart-
Hun Bycpep 0,01 monb/n, pH 7,4). BmicT kniTuH y 3pasky
BUMiptoBaHHs 108 kn/mn. EkcnepuMeHTanbHi aaHi 06-
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pobnsinu 3a gonomoroto nporpamu Flowing Software 2.5.1
(Turku Bioscience, ®iHnsHAis).

KoxeH ekcrnepMMeHT NpoBoaMnu He MeHLe 6 pasiB
3 BUKOPUCTaHHAM OBOX NaparnenbHux npob. [ns Bcix
3paskiB NPoBOAMNM OBYMCINEHHS CepeaHbOoro apndme-
TUYHOIO 3HAYEHHS | 3HAYEHHs1 CepeqHbOKBaApPaTUYHOI
nomunku (Mtm). OTpurmMaHi ekcnepMMeHTanbHi pesyrnb-
TaTu CTaTUCTUYHO 0OpobmnM 3a ZONOMOroK Nporpamm
Statistica 6.0 (StatSoft Inc., CLUA).

Pe3ynbTaty 1 06roBopeHHs

HocnigxxeHHst BNnMBY pidHMX KoHueHTpauin NaCl
B CepenoBuLLi gerigparauii Ha NOoCTriNepTOHIMHWIA Ni3nc
(M) eputpoumTiB ccaBLiB MOKa3arno, WO NOLUKOAKEHHS
KNiTUH CnocTepiranu 3a KOHLUEHTpaLji coni B cepenoBuLLi
aerigpatadii 1,0 monb/n Ta Buwe. Ha puc. 1 HaBegeHi
Aadi wogao M1 eputpoumnTie NIOAMHN | TBAPUH 3aneXHO
Bi[] KOHLIEHTpALlji Xxnopuay HaTpito y cepenoBuLLi aerigpa-
Tauii. BugHo, o 3a ymoB npeiHkybauii KINiTUH pi3HMX
ccasuiB B po3ynHi 1,0 monbk/n NaCl piseHb remonidy mae
BMAOBI 0cOBNMBOCTI i nepebyBae B Mexax Big 311,5%
ans eputpouuTia kKponuka Ao 10+2% ang kKnitvH wypa.
Moganblie 30iNbLUEHHSA KOHLEHTpaLii coni B cepeno-
BULLI aerigpartauii npn3BoanTb A0 NiABULLEHHS PiBHSA
M knitnH. 3a koHueHTpauii NaCl B cepegoBuLi ae-
rigpatauii 2,0 monb/n pieeHb MNIT1 epuTpounTiB NtoaUHN
i LLlypa [OCTaTHBO BUCOKWN i cknagae 82+7% Ta 93+6%
BiANoBigHO. HaTomicTb onga eputpoumnTiB Kponuka pi-
BeHb M1 ctaHoBUTL 63+8%. OTpuMmaHi AaHi ceigyaThb,
L0 HaNYyTNMUBILLIMMK A0 Aii NOCTriNePTOHIYHOrO LLOKY
€ epUTPOLINTM LLypa, HANMEHLL YYTIMBUMUN — KITiITUHA
Kporuka.

D 1,0 monb/n NaCl 1,5 mons/n NaCl 1,75 monb/n NaCl %m%le/mal\(l:a‘)Cl

1.0 mol/l NaCl 1.5 mol/l NaCl 1.75 mol/l NaCl
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Puc. 1. 3anexHicTb NOCTrNEPTOHIYHOIO remMonisy epUTPOLIMTIB CCaBLiiB
Bifl KOHLIeHTpaLiji coni y cepepoBuLi Aerigpatadii 3a 37°C

Fig. 1. The dependence of post-hypertonic hemolysis

of mammalian erythrocytes on the salt concentration

in the dehydration medium at 37°C

3 ornsigy Ha BuLLeckasaHe, 6yno oouinbHO NpoBec-
TW NOPIBHANBHY OLHKY CTaHy epuUTPOLIMTIB Pi3HUX BUAIB
CCaBLjiB Y MNEepPTOHIYHNX PO34YMHaX 3a AOMOMOro METO-
Ay NPOTOYHOT LIMTOMETPII. AKicHa oLiHKa JaHWX BUsiBMna
3HaYHi 3MiHM PO3noginy epuTPoLMTIB YCiX BUAIB CcaBLiB
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0,15 mons/n NaCl
O 0.15 mol/l NaCl

KinbkicTb nogii (knituiu) / Count
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O O 1.5 mol/l NaCl O

0.8 mol/l NaCl 2.0 mol/l NaCl

FSC-H

Jh\_n' < =
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Mpsime ceiTnoposcitoBaHHs, y.0. / Forward scatter, arb.unit

Puc. 2. Tunosi rictorpamu posnoginy epuTpouuTiB CCaBLiB: @ — NtoagnHa, 6 — Kponuk, B — Lyp
Fig. 2. Typical histograms of mammalian erythrocyte distribution: a — human, b — rabbit, c — rat

3a 3pOCTaHHSA KOHLEHTpaLi coni B cepenoBuLLi aerigpa-
Tauii (pmc. 2). OckinbKkM MakcMMarnbHa KinbKiCTb KMiTWH,
SIKi XapaKTepU3yHTLCS NMEBHUM 3HAYEHHSIM CBITIIOPO3Cito-
BaHHS, € Pi3HOIO AN KOKHOMO BUMIpIOBaHHSA (po3noginy),
Lel napaMeTp HOPMyBanu, B3SBLUW 33 OOUHULIKO MaKCu-
MarbHe 3Ha4YeHHs1 KinbkocTi nogin (knitvh). IMig vyac aHa-
ni3y rictorpamu po3noainy epuTpoumTiB ccaBLiB MOXHa
BKa3aTu Ha Kinibka ocobnmeocTem, ki MoXyTb 6yTv NoB’s-
3aHi 3 MOpoNoriYHMMM XapakTepucTUkamMmm nonynsawii
KNITUH Y NEBHOMY TNEPTOHIYHOMY PO34MHI. Tak, 3a KOH-
ueHTtpauii NaCl 0,8 monb/n kprBa po3noginy epuTpoLm-
TiB NOOWHM | Kponuka Mae ABa Makcumymm (puc. 2a, 26),
LLIO XapaKTepHO Ans KNiTuH nrackoi copmu [6, 7, 13, 17];
ONs1 epUTPOLIMTIB LLypa Takoi 0cobrnmBoCTi He crnocTe-
piratotb. 3a koHueHTpauin NaCl 1,51 2,0 monb/n kpusa
posnodiny epuTpoumTiB YCiX BUAiB ccaBLjiB NOCTYMNOBO
3BYXKYETbCA (pUC. 2), WO MOXe BKasyBaTh Ha opmy-
BaHHA nonynsauii KNiTuH cdepuyHoi popmn [6, 10].

YucenbHuUM BigobpaXeHHsaM po3noAiny KriTuH npu
LMTOMETPUYHMX OOCHILKEHHAX 3a3BUYan € MediaHa.
Ii 3HaueHHs NponopLiiHe CTyNeHIo Po3ciloBaHHs CBITNa
i curHanisye npo po3mip KniTuH Ta ixHi MopdonoriyHi
xapakrepuctuku [1, 10, 13, 16]. CepeaHi 3Ha4eHHs me-
JiaHn po3noginy epuTpounTiB AOCHiAKYBaHNX cCcaBLiB
HaBeaeHi y Tabn. 1.

Ak BUAHO 3 Tabn. 1, KOHTPOmbHE 3HAaYEHHA MediaHn
po3noAiny eputpoumTiB y pi3ionoriyHOMy po3yuHi
€ BugocneumiyHUM i BMEHLIYETbCA B pagy nioau-
Ha > Kponuk > wyp. Lle gobpe y3romkyetbest 3 po3mi-
pamu KniTUH ccaBuiB, OTPUMAHUMM IHLIMMW METOAaMMU
(mikpockonis). Tak, 3a 3MEHLLUEHHSAM 3Ha4YeHHS! diaMeTpa
€pUTPOLINTU CCaBLiiB pO3TaLLOBYHOTHCS B TakKil e no-
CnigoBHOCTI (NoguHa > Kponuk > wyp) [2, 3, 12].

AHaniaytoun oTpMMaHi pesynstatu (tabn. 1), MoxHa
3a3HaYMTH, LLO Y MNepTOHIYHNX cepeaoBULLIax 3HaYEHHS
MefiaHn po3noainy eputTpounTis 3a3Buyan MeHLUe Bif
KOHTPOSBHOTO, LLIO CMIPUYMHEHE 3MEHLLEHHSM 00’ EMY K-
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TWH BHacnigok Buxody Bogu [1, 5]. 3 iHworo 60Ky, BiaomMo
[6, 8, 19, 13], WO B riNEPTOHIYHUX PO34YMHAX 3MIHIOHOTHCS
MOPONOriYHI XapaKTePUCTUKM KNITUH; Lie TEX Mae
BMMB Ha 3HAYEHHSA MeaiaHn po3nogdiny. Y cepenoBuLLi
0,8 monb/n NaCl (nopieHsHo 3 0,4 monb/n NaCl) eputpo-
LMTU NOOMHN XapaKkTepusyTbCst MOPEOSOriYHO0
Pi3HOMAaHITHICTIO 3i 3HA4YHOI YaCTKOK NMnacknx gopm,
LLIO NPU3BOAUTL A0 30iNblUEHHS 3HAYEHHS MefiaHu.
B posunHax, ski mictate 1,0 Ta 1,5 monb/n NaCl, 3Ha-
YeHHs1 MefliaHN 3MeHLUYETLCA NS KNiTUH YCiX ccaBLiB,
LLIO MOXe ByTu NoB’sA3aHe 3 pOCTOM Monyrsuii cdepo-
uuTiB [16]. LlikaBoto 0cobNMBICTIO EpUTPOLIMTIB LLYPA,
HaWyyTNMBILIMX 4O NOCTTiNEPTOHIYHOIO LLOKY, € 36inb-
WeHHA MefiaHn y po3ynHax, aki MmicTatb 1,75 Ta
2,0 monb/n NaCl — nopieHsiHO 3 1,0 Ta 1,5 monb/n NaCl.
Lle Moxe BkasyBanu Ha 36inbLueHHs1 06’eMy KIiITWH Lypa
BHaCMiAOK NOPYLUEHHS 6ap’epHOi yHKUiT MmembpaHu
i BXOAy iOHIB HaTpit0 ycepeauHy KiTUHW.

IHdbopMmaLito Npo piBeHb MIHNMBOCTI HABOpPy AaHUX
Yy MexXax po3noginy Hagae koediuieHT Bapiauil. Lisa me-
TpUKa Nokasye, HacKinbK1 XapakTepUCTUKN KNiTUH Bif-
Pi3HAOTLCA Bif CepenHboro 3Ha4yeHHs (Tabn. 2).

Ak BUAHO 3 Tabn. 2, epUTPOLUTY LLIypa XapaKTepu-
3yKOTbCS CTaNMM 3Ha4YeHHsIM KoedilieHTy Bapiauii 3a
3MiHM YMOB CepefoBMLLa, Ha BiAMIHY Bif KIiTWUH Noau-
H¥ Ta Kponuka. Llen dpakt moxe BkasdyBaTn Ha MeHLLy
reTeporeHHiCTb Nonynsuii epuTPOLMTIB LWypa i, 9K Ha-
CNigoK, MEeHLUY 34aTHICTb A0 TpaHcdopMaLii KNiTUH
Y Pi3HUX riNepTOHIYHUX cepeaoBuLLIaXx.

MopiBHtolOUM Mixk coboto cepii rictorpam KniTuH go-
CrifpKyBaHMX CCaBLiB, MOXHa BMOKPEMUTUN AesiKi 0CO0-
NUBOCTI, 9Ki CMiBBIAHOCATLCA 3 piBHEM YYTAUBOCTI
epUTPOLMTIB 40 NOCTTiNEPTOHIYHOrO LWOKY. EputpoumTi
Kponwuka, HauCTINKiLWi O NOCTriNePTOHIYHOrO LUOKY,
XapaKTepuayTbCs BUCOKUMM MOKasH1KaMK KoedilieHTa
Bapiauii y posduHax, aki mictate 1,0-2,0 mons/n NaCl,
MOPIBHSAHO 3 epuUTpoUMTaMu Lypa. MoXxHa npunycTuTy,
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Tabnuusa 1. CepegHi 3HaveHHst megiaHu (y.0.) pPO3MoAiny epuTpoLmnTiB CCaBLIiB

3a napametpom FSC (npsime poacitoBaHHst) y po3dumHax NaCl

Table 1. Mean values of the median (arb. unit) distribution of mammalian erythrocytes

by the parameter FSC (direct scattering) in NaCl solutions

EputpouunTn ccasuiB
Mammalian erythrocytes

KoHueHTpauis NaCl, monb/n
NaCl concentration, mol/l

0,15 0,4 0,8 1,0 1,5 1,75 2,0
JlloguHa / Human 20519 109+9 197+11 145+8 108+13 107+10 94+8
Kponuk / Rabbit 168+14 173+12 169+15 96+ 11 79+7 8416 79+9
Lyp / Rat 144+18 114£12 114+£11 8719 7514 93+5 99+11

Tabnuusa 2. CepepHi 3Ha4eHHs1 koediLieHTy Bapiauii (y.0.) po3nodiny epuTpoumnTiB ccasLiB

3a napametpom FSC (npsime poacitoBaHHs1) y po3dmHax NaCl

Table 2. The average values of the coefficient of variation (arb. unit) of the mammalian erythrocytes distribution

by the parameter FSC (direct scattering) in NaCl solutions

EpuTtpouunTn ccaBuiB
Mammalian erythrocytes

KoHueHTpauis NaCl, mon/n / NaCl concentration, mol/l

0,15 0,4 0,88 1,0 1,5 1,75 2,0
ToanHa / Human 306 4419 46+ 52+10 5411 509 4516
Kponuk / Rabbit 2415 32+8 4216 52+7 50+12 56+11 57+7
Lyp / Rat 382 32+8 363 36+4 3245 3915 34+3

LLIO B NONYNALil epUTPOLUTIB KPONMKA HaBITb Y BUCOKO-
KOHLIEHTPOBAHOMY CONTbOBOMY PO34MHi 36epiraetbcsi
YacTuHa KNiTH HecdepuyHoT opMK, CTIMKMX A0 NOCT-
riNepTOHIYHOIO LLOKY. BogHo4ac MMOBIPHO, LLIO A1 KITUH
LLypa YacTKa chepoLuTiB, SKi 3a3HAKOTb MOLUKOPKEHHS
Mig Yac NepemilLeHHs KNiTUH i3 riNepPTOHIYHMX B i30TOHIYHI
YMOBW, € BaroMiLLIOH.

BucHoBku

EpuTtpoumnTti ccaBuiB MatoTb Pi3HUIN piBEHb NOCT-
riNepTOHIYHOIO MOLLKOMKEHHS | 32 3MEHLLUEHHSIM YyTun-
BOCTi [JO NOCTTiNEePTOHIYHOrO LLOKY X MOXHa po3TaLly-
BaTW Y NOCMIAOBHOCTI LLYyp > noguHa > Kponuk. PiBeHb
MOCTTiNEePTOHIYHOrO Ni3NCy 3aneXuTb Big KOHUEHTpau;ii
NaCl y cepenosui aerigpatadii. ns eputpoumTie pis-
HUX BMAiB CCaBLiB CMOCTEPIraeTbCA B3AEMO3B'A30K MK
piBHEM MOCTFiNEPTOHIYHOro remonisy Ta 3Ha4YeHHAMMU
TaKMX NOKa3HWKIB, SK MefdiaHa po3noginy i koediuieHT
Bapiauji. 3MEHLLEHHs 3Ha4YeHHs1 MefiaHn po3nogirny KNiTvH
3a3BMYal CynpoBOAXKYETHCA NiABULLEHHSAM Yy TNMBOCTI
epuTpounTiB ccaBLiB A0 NOCTTiNePTOHIYHOrO LLOKY.
BuHATKOM € epuTpounTU LLYypa, AN SKUX OTPUMaHi 3Ha-
YeHHA MefiaHn Yy AOCNiAXyBaHOMY KOHLEHTpaLiiHOMY
psigi NaCl matoTe MiHiMym 3a 1,5 monb/n. Lo ctocyeTbest
KoedilieHTy BapiaLii, TO BULLi 3Ha4YeHHA LbOoro napa-
MeTpa xapakTepHi Ang epuTpouuTiB ccaBLiB, KOTPi €
CTIIKUMW 80 Aii NOCTTiNePTOHIYHOIO LLUOKY.

Omxe, 3any4yarouu pisHONNaHoBi MoAernbHiI Aocni-
[PKEHHS1, MOXHa KpalLlle 3po3ymiTh npouech, ki Biabysa-

The Animal Biology, 2021, vol. 23, no. 2

OTbCS Y peanbHUX YMOBaX, i pO3pOBUTU YAOCKOHANEHHS
00 NPOTOKOMIB KPIOKOHCEPBYBAHHS KMiTUH.

MepcnekTuBM NoganbLIMX JOCHIAKEeHb

Y noganbLUnX AOCHIMKEHHAX MIaHYETbCA BUKOPUC-
TOBYBaTW LMTOMETPUYHUI aHani3 s OLUiHKW CTaHy Kri-
TWUH B YMOBaX 3aMOPOXXEHHS-BiATaBaHHs Ta MOAENbHMX
€KCNepUMEHTIB Ha 3pa30K NMOCTTiNEePTOHIYHOTO LLOKY
i3 3any4eHHsAM hryopecLeHTHMX MITOK, SKi 3B’A3YH0TbCS
3 dhochaTnanncepmHom, s OUiHKK CTaHy MeMbpaHu
epuTpouUTIB CcaBLiB.
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The role of the dehydration stage in the post-hypertonic hemolysis of mammalian erythrocytes
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The aim of this study was to assess the level of damage to mammalian erythrocytes under post-hypertonic shock depending on the
concentration of NaCl in the dehydration medium and to determine the effect of hypertonic NaCl solutions on the condition of mammalian
erythrocytes by flow cytometry. To achieve this goal, spectrophotometric and cytometry research methods were used. The data obtained
showed that post-hypertonic lysis of mammalian erythrocytes depends on the concentration of NaCl in the dehydration medium.
The most sensitive to the effects of post-hypertonic shock are rat erythrocytes, the least sensitive are rabbit cells. Cytometry studies
revealed significant changes in the histograms of the distribution of erythrocytes of all mammalian species with increasing salt con-
centration in the dehydration medium. These changes are species-specific and are probably related to changes in cell volume and
morphology. The data revealed a relationship between the level of post-hypertonic hemolysis and the values of such indicators as the
median distribution and the coefficient of variation. Thus, an increase in the sensitivity of mammalian erythrocytes to post-hypertonic
shock with increasing salt concentration in dehydration medium was usually accompanied by a decrease in the median cell division,
and higher values of the coefficient of variation are characteristic of mammalian erythrocytes resistant to post-hypertonic shock.

Key words: mammalian erythrocytes, dehydration, post-hypertonic shock, cytometry, median, coefficient of variation, distribution
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Bnnue wuwok xmento i BiTamiHy E Ha keToreHes
Ta aHTUOKCUAAHTHUU CTaTyC KOpiB

C. P. Cauko’, I. B. Byomacka', I. B. Heeocmpyesa’, P. I. Cauko’, A. I'l. [Nempyk?

ivwudmaska@gmail.com

"IHcTuTyT Gionorii TBapuH HAAH,

Byn. Bacuns Cryca, 38, m. JlbBiB, 79034, YkpaiHa

2[|bBIBCLKMIT HALIIOHAMLHUIA YHIBEPCUTET BeTEPUHAPHOI MeauUMHN Ta BioTexHornorii imeHi C. 3. Mxuubkoro,
Byn. MNMekapcbka 50, m. JbeiB, 79010, YkpaiHa

MeTta poboTn — kopekuis chepMeHTaLUiHUX NpoueciB y pybui KopiB y nepea- Ta nicns-
OTenbHWI Nepiogn Anst 3anobiraHHs NOpyLUEHHAM OOMiHY pe4OBMH Ta NPOMIiNaKTUKA KETO3Y.
Onsa gocnigy cdhopmMoBaHO 2 rpynu KOpiB YKpaiHCbKOI MOMOYHOI YOPHO-pAb0oi Mopoau i3 Mpoayk-
TUBHICTIO 6—7 TWUC. KI MOFOKa 3a nonepeaHto nakrauito, no 10 TBapuH y rpyni. Tpueanicts gocnigy:
OCTaHHi TPY TWKHI CyXOCTOK — MepLUi TpU TWXKHI NakTauii. TBapuHn oTpyMyBanu 36anaHcoBaHui
3a NOXVBHMUMM i BIONOriYHO aKTMBHUMM PEYOBMHAMM PaLlioH, 4O CKIafy SIKOro BXOOWIU: CiHaX,
KYKYPYO3SIHWI CMNOC, OepTb SYMiHHA, OEPTb NLEHWYHa, AepTb KYKypya3sHa, LUPOT COEBUN, CiMb,
MiHepanbHO-BiTaMiHHMI NpeMikc. [NepLua rpyna — KOHTporbHa. [1o pauioHy KopiB Apyroi rpynm go-
nasanu 300 mr a-tokodhepony auetarty (0,6 r Posgimikc E-50) Ta 1 r/Kr CyXmx LUMLLOK XMEHO Ha Kr
CYXOI pe4OBMHU paLlioHy. Y KpOBi KOpIB 40 OTENeHHs AoChiopKyBaHa KOpMOBa AobaBKa 3HKyBana
KOHLEHTpaL,ito NPOAYKTIB NepoKCMAHOro okncHeHHs (P<0,05), He BNnMBao4uKn Ha iHLUi MOKa3HUKN.
IMicna oTeneHHs BUSIBNEHO CYTTEBI 3MIHW. Y KPOBi KOPIB AOCNIAHOI PN BUSIBNEHO 3HKEHHS KOH-
ueHTpavii rigponepukucis ninigis (P<0,05), TBKAI (P<0,05), 6eTa-rigpokcnbyTtunpaty (P<0,05).
Omxe, BBeOEHHS1 40 paLlioHy KopiB NpoTaroM TpaHauTHoro nepiogy 300 Mr a-Tokodbepony auerarty
Ta 1 r/Kr Cyxux LUMLLOK XMESI0 Ha KI CyXOi peYOBMHU paLioHy NpUrHidye npoLecu NepoKCUAHOro
OKMCHEHHS Ta 3HUXKYE KOHLIEHTPALLil0 KETOHOBUX TiNn y KpoBi. BkasaHa kopmoBa gobaska Moxe

OyTK BUKOpUCTaHa Ans NpodinakTUKKN KETO3y Ta CTeaTosy KopiB.

Knro4yoBi cnoBa: KopoBM, LUULLKM XMEMo, BiTaMiH E, KpoB, KETOHOBI Tina, nepokcua-

He OKUCHEeHHA

B oTenbHui nepioq y KoOpiB cnocTepiraeTbCs He-
raTUBHUIA eHepreTMYHMi GanaHc, LWo NMpOosBNSETLCS
neddiumMToM rnoKo3n Ta HagMipHUM BUBINbHEHHAM
XMPHUX KUCIOT 3 XXMPOBOi TKaHuHW [15]. [logaTkoBum
YMHHMKOM, SIKMI MOCUITIOE HErATUBHI HAcNiaku Lnx npo-
uecis, € nopyLueHa dyHKList NeYiHkK, BigNoBiganbHOT
3a CUHTE3 INI0KO3M | TpaHcdopMaLLito BiNbHUX XXUPHNX
KMCNOT Yy Tpyaumnrileponu.

B ouiHLi MeTaboniYHOro cTaHy KopiB y TPaH3UTHUIA
nepioa OCHOBHY yBary npuainsoTe NOPYLUEHHAM Byrre-
BOAHO-MiMigHOro 0bMiHy Ta okcuaaTtuBHOMY cTpecy [9].
Mo3a yBaroto 3anuLLaeTbCa TakUi BaXKITUBUIA acnekT, SK
IHTOKCMKaLs aMiakoMm, SIKUA € OOHUM 3 MPOBIAHMX YMH-
HUKIB NopyLUEeHHSA dyHKLUIT nediHku [3]. PauioH B1ucoko-
NPOAYKTUBHWNX KOPIB MICTUTb BENMKY KiNlbKiCTb MPOTETHO-
BMX KOPMiB, BHACMiIOK HYOro 3pOCTaEe YTBOPEHHSI aMiaky,
LLIO CTBOPIOE A0aTKOBE HaBAHTAXEHHS Ha MeYiHKy,
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NPOBOKYE NATONOri0 NapeHxXiMu i 3HUXKYE TT dyHKLiO-
HarnbHY 30aTHICTb. TakM YMHOM, Ans KPOBi KOPIB Y nicns-
OTenNbHUIN Nepiof XapakTepHe 3HUXKEHHS KOHLEeHTpauil
rMoKo3mM Ta 36inblieHHs KoHueHTpauii HEXKK, amiaky
i keToHoBMX Tin [15]. Lli ocobnmBocTi metaboniamy npu-
POLHI 41 KOpiB, NPOTE Yy BUCOKOMNPOAYKTUBHNX TBAPUH
NPOSIB LMX 3MiH HACTIifbKW iIHTEHCMBHWIA, LLO YacTo npu-
3BOAMUTb A0 NaToNoriYyHMX nopyLueHs 06MiHy pevoBUH,
30Kpema KeTo3y i >KMPOBOIO NEPEPOIKEHHS MEYiIHKN.
YacTKoBO BOHM MOXYTb ByTW HiBenbLOBaHi KOPUryBaH-
HSAM pauioHy, NpoTe HeobXigHe BBEAEHHS 40 pauioHy
cneuianbHMX kKOpMOBUX fo06aBok [9].

[Ins 3HWKEHHS IHTEHCMBHOCTI kaTaboniaMy NpoTeiHy
[0 amiaky, 3MEeHLLEHHS! yTBOPEHHS NTAaKTaTy i 30irnbLUeHHS
YTBOPEHHS MponioHaTy B pybLji MOXXHa 3aCTOCOBYBaTH
aHTNBioTUKM-ioHOGOPU, NEPEBAXXHO MOHEH3WH, SIKi BU-
BipKOBO Ajt0Tb Ha rPamno3nTVBHI BakTepii, 4O AKWX Hane-
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XaTb rinepnpoayLeHTy amiaky Ta MONOYHOKMCT GakTepii.
[onaBaHHA 0O pauUioHy TPaH3UTHUX KOPIB MOHEH3UHY
CrpUsE 3pOCTaHHIO KOHLIEHTPALLii FMOKO3W | 3HDKEHHIO
KOHLIEHTpALLii KETOHOBUX Tin Yy KpoBi [2, 8]. [NpoTte ocTak-
HiMW poKamm y CBITi CNOCTepiraeTbCs TEHAEHUIA A0 3MEH-
LLIEHHA BMKOPUCTaHHA aHTUBIOTUKIB Yy TBAPUHHULTBI.
3aMiHHVUKOM MOHEH3MHY MOXE CTaTW HaCiHHSI XMErto, sike
MICTUTb NPEHINbLOBAaHI NonicheHonM — a- Ta B-KMCnoTu
Ta ixHi i3omepu, 3a iOHOGOpHOIO Aieto NoAibHI 40 MOHEH-
3uHy [3, 5, 6, 10, 14]. Kpim Toro, cdoeHonm Ta edipHi onii
LUMLLIOK XMES0 MaloTb aHTUOKCKMAaHTHiI [1, 4, 6, 7, 11]
Ta renaTonpoTeKTopHi [6, 13] BnacTneoCTi.

3acTocyBaHHS ioHOOpIB ANsa Kopekuii 06MiHy
peyvoBUH Yy KOpiB Mae HebaxaHnn epekT — 3HUXKeHe
YTBOPEHHS aueTaTty B pybui BHAcnigok 4acTKoBOro
NPUrHIYEHHS aKTUBHOCTI LIENoNo30niTMYHMX BakTepin.
Ha cborogHi Bigomo, Lo BiTaMiH E CTUMYNIOE XUTTE-
[isNbHICTb Lientono3onitTuiHmnx 6akTepin 3a BBEAEHHS
MOro y pauioH KopiB y nigsuwieHnx gosax [12]. Takum
YMHOM, CMiflbHe A0OABaHHS [0 pauioHy LUMLLOK XMe-
nto i BiTamiHy E moxe nposABnaTv epeKkTUBHILLY Aito
Ha TpaBHi Npouecy Ta 0OMiH PEYOBWH.

MaTtepianu i meTogu

[na gocnigy cdopmoBaHo 2 rpynu KopiB YKpaiHCbKOI
MOJIOYHOI YOpHO-PsAB0i Nopoan, MOMNoYHa NPOAYKTMB-
HICTb 3a nonepeaHo nakTauito 6—7 Tuc. kr, no 10 TBapuH
y rpyni. TBapuvHu OTpUMyBanv TUNoBWI 36anaHcoBaHWi
3a NOXXMBHUMM i BIONOriYHO aKTUBHMMW peYOBMHaMM pa-
LioH, [0 cKnagy sIKoro BXOOQWIN: CiHaX, KyKypya3sHWN
cunoc, AepTb SSMMiHHA, OepTh NWEHNYHa, AepTb KYKy-
pyassHa, LWPOT COEBUMN, Ciflb, MiHEpPanbHO-BiTaMiHHUI
npemikc. KopoBu nepLuoi rpynu cnyrysann KOHTPOneM.
o paujoHy kopiB gpyroi rpynu gogasanu 3 po3paxyHKy
Ha Kr cyxoi pevoBuHu no 0,3 r a-Tokodepony aueraty
(0,6 r Posimikc E-50) Ta N0 1 r Cyxux LUMLLOK XMENHO.
[Hocnig TpyBae NpoTArom TpaH3UTHOro nepioay (3 TWxHI
nepea i 3 TVXKHI Nicns OTeneHHs).

[na nabopaTtopHWX focHimpKeHb Gpani BEHO3HY KpoB
nepea OTeNeHHSM, Yepe3 TUXAeHb | Yepes Micsaub
nicns oTeneHHs. Y KpoBi BU3HaYarnu BMiCT KETOHOBUX Tirl
(aueToauerar, rigpokcmbyTrpaT) NOJOMETPUYHUM METO-
[0M, KOHLIEHTPaLljto MPOAYKTiB NEPOKCUAHOTO OKUCHEHHS
(ripponepokcuan ninigie, Ai€HOBI KOH'IOraHTU Ninigis,
TBK-AI) 3rigHO 3 MeTogamu, BUKNageHMN y OOBIA-
HuKy «JlabopaTopHi MeToam aocnimkeHb y Gionorii, Ta-
PUHHWULTBI Ta BETEPUHAPHIN MeanuuHi» [13]. OTpumaHi
pe3ynsTaT onpalboByBanu CTaTUCTUYHO 3 BUKOPUC-
TaHHSAM nporpamu Microsoft Excel.

Pe3ynkTaT 1 06roBOpeHHs

Uepes TvKaeHb NiCNst OTeNneHHst KOHUEHTpaLis MHoKo-
31y Nnasmi KpoBi KOPIB KOHTPOMBHOT FPYNKn 3HWXKyBanach,
a KOHLUeHTpauis HeecTepudiKOBaHUX XUPHUX 3pocTana
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MOPIBHSIHO 3 CYXOCTIMHMM NepiogoM. Y Kopis JocnigHol
rpynun KOHUEHTpauis rmoko3m byna Ha 22% 6binbLuoto,
a koHueHTpauis HEXK — Ha 21% MeHLUOo NopiBHAHO
3 KOHTporbHoto rpynoto (P<0,05), KinbkicHO BOHW Habnu-
Xanucbk o BMicTy rnokosn Ta HEXK y nnasmi kposi
KOpiB 3a TWXKOEHb O0 i Yepes MiCsLb MiCNs OTENEHHS.

BcTaHOBMNEHO 3HMKEHHS KOHLeHTpaLiT KETOHOBUX
TiN y KpOBi KOPIiB Nig BNSIMBOM 3rogoByBaHHS TM KOp-
MOBOI f06aBKM LUMLLOK XMenHo i BiTamiHy E. Ocobnmeo
CyTTEBUMM BYNn 3MiHM BKa3aHOro napameTpy KpoBi
Yyepes TWKAEHb Nicnsi oteneHHs (Tabn. 1).

HanpukiHui nepLuoro TWxXHA nakTauii cnoctepiranocs
CTaTUCTMYHO BipOTigHE 3MEHLLEHHS BMICTY [-TiapoKcu-
6yTtupaty (P<0,05), a 3 ypaxyBaHHAM NOMIPHOTO 3HU-
YKEHHSA KOHUEHTpaLil aueToaueTaTy B KpOBi KOpiB L€l
rPynu pisHULS Y KiNbKOCTi KETOHOBMX TiNn Byna Lue cyTTe-
Biwoto (P<0,01).

Ta6nuus 1. KeToHosi Tina y kposi, Mmonb/n (M+m, n=10)
Table 1. Ketone bodies in the blood, mmol/l (Mtm, n=10)

Ipynu TBapuH
Groups of animals
MokasHukn / Parameters

KoHTponb Oocnig
Control Experiment
o oteneHHs / Before calving

hueToaueTar 0,31x0,05  0,32:0,06
B-TigpokcubyTtnpar
B-Hydroxybutyrate 0,60+0,08 0,50+0,06
Cyma KETOHOBUX Tin
The sum of ketone bodies 0,90£0,12 0,82+0,04
AueToauertar / B-rigpokcubyTupat 0,5240,03 0,720,22

Acetoacetate / B-hydroxybutyrate

TwxkaeHb nicns oteneHHs / One week after calving

Aueroauerar 0,50£0,06  0,43:0,04
Acetoacetate ’ ’ ’ ’
B-TiapokcubyTtnpar o
B-Hydroxybutyrate 1,310,173  0,80+0,09
CyMa KEeTOHOBMX Tin x
The sum of ketone bodies 1.81:0,11 1,2310,12
AueTtoauerar / B-rinpokcnbyTupar 038003  0.55+0.06%

Acetoacetate / B-hydroxybutyrate

Micsub nicns otenenHs / One month after calving

Auetoauerar 0,41£0,05  0,320,06
Acetoacetate ’ ’ ’ ’
B-TigpokcubyTtnpar

B-Hydroxybutyrate 0,99+0,03 0,86+0,09
Cyma KEeTOHOBUX Tin N
The sum of ketone bodies 1,4040,07 1,19:0,04
Auetoauertart / B-rigpokcnbyTupar 0.41+0.04 0374003

Acetoacetate / B-hydroxybutyrate

lpumimka. * — cTatucTmnyHa BiporigHicTe: * — P<0,05;

** — P<0,01; *** — P<0,001.

Note. * — statistical significance: * — P<0.05; ** — P<0.01;
*** — P<0.001.
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Bnnus wwuwok xmento i BiTamiHy E Ha keToreHes
KopiB y nepiogn Ao nakrauji Ta Yepes3 Micsub nicrs Hel
BMPaXXEHUA MeHLUe, Xo4a TeHAEHLUIT 4O 3HMKEHHS KOH-
LieHTpaLlii KETOHOBUX TiN Y KPOBi TBAPWH LOCNIAHOI rpynm
36epiratotbes. Tak, 3a TWXXAEHb A0 NakTauii BUSIBIIEHO
NoMipHe 3MEHLLEHHSI BMICTY B-rigpokcmbyTmpary 3a
He3MIHHOT KiNbKOCTi aueToaueTaTy. Yepes micaub nicns
OTeNeHHs AeLlo 3MeHLLyBanach KOHLEHTPaLis Y KpoBi
AK B-rigpokcmbyTnparty, Tak i auetoauertaTty, BHacnigoK
YOro 3HWXKEHHS CYMapHOI KOHLEHTpaL,ii KETOHOBUX Tin
Oyno cratuctnyHo BiporigHum (P<0,05).

KoHueHTpaLis NpoayKTiB NEPOKCUOHOrO OKUCHEHHSI
y Nra3Mi KpoBi KopiB 060X rpyn 3pocTana nicns oTernieHHs
MOPIBHSIHO 3 CYXOCTINHMM nepiogoM. HYepes Micsub nicns
OTEeNeHHs KOHLIEHTpaLis NPOAYKTiB NePOKCUAHOIO OKMC-
HEHHS y Mra3Mmi KpoBi KOpiB AeLLO 3HMKYBarnach, NpoTe
BCE ofHO Oyna GinbLUotD, HiX 3a cyxocTo. Lle moxHa
MOSICHUTN OTEMbHUM CTPECOM Ta BULLIOKD HaMpPYXeHICTo
meTaboniyHux nNpouecis nig vyac nakrauii (tabn. 2).

OTxe, BCTAHOBIEHO BNMB JOCIAKYBaHOI KOPMOBOI
Ao6aBku Ha BMICT NPOAYKTIB NEPOKCUAHOTO OKMCHEHHS
y KpoBi kopiB. Lle 3aKoHOMIpHO, OCKinbkv1 obuasa kommno-
HEHTW, Cynnigas XMennto Ta ToKodepor, NPOSIBNSOTb aHTU-
OKCUAAaHTHI BNacTueocTi. [MpakTu4HO yci AocniopKyBaHi

Tabnuus 2. KoHueHTpaList NpoayKTiB NEPOKCUOHOMO OKUCHEHHS Niniais
y nnaami kpoBi, MkMonb/n (Mtm, n=10)

Table 2. Concentration of lipid peroxidation products

in blood plasma, ymol/L (M+m, n=10)

Ipynu TBapuH
Groups of animals
MokasHukn / Parameters

KoHTponb Oocnig
Control Experiment
o oteneHHs / Before calving
Figponepekncu ninigis .
Lipid hydroperoxides 2,190,22 1,62:0,11
Toned! 3,00:0,22  2,11:0,25*
[lieHoBi KoH'toraHTH 4.93£0,38 4,20+0,31

Diene conjugates

TwxkaeHb nicns oteneHHs / One week after calving

Figponepekucu ninigis

Lipid hydroperoxides 3,51x0,32  2,81x0,23
TBK-AT .
TBARS 4,40£0,20 3,56%0,31
LieHoBi koH'loraHTU 8214053  5.5510.65

Diene conjugates

Micsaub nicnsa oteneHHsi / One month after calving

Figponepekncu ninigis

Lipid hydroperoxides 327020  2,990,66
TBK-AlN

TBARS 3,49+0,22 3,25+0,21
LieHoBi kKOH'toraHTn 567023 4,83+0,27*

Diene conjugates
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MOKA3HMKN NEPOKCUAHOIO OKUCHEHHS 3HKYBANUCh 3a
3ro0BYBaHHS KOPMOBOI J00aBKW, X04a He 3aBXau CTa-
TUCTUYHO BiporigHi. Baxnueo, wo snnve aobasku 36e-
pircs 1 Yepes MicsiLb Nicns niakTauii, Konm 3rogoByBaHHS
nobaBky Bxxe npunmuHunu. Lie moxe ByTn NoB’sizaHe 3 gieto
BiTaMiHy E, akuin gogaesanu kopoBaM y GinbLui 3a pe-
KOMeH0BaHi HopMu KinbkocTi. BitamiH E aenoHyeTbcs
B OpraHiamMi TBapuH, TOMy Oro Ais Tpusana gani.

BucHoBKu

1. KoHueHTpauia KETOHOBUMX Tifn i NPOAYKTIB nepe-
KWCHOTO OKMCIIEHHS Pi3KO 3pocna Micns OTEeNeHHS.
Uepes Micsub IXHSA KOHUEHTpauig AeLlo 3Hn3unacs,
ane Bce We 6yna BULLO, HXK Y CYXOCTIMHMX KOPIB.

2. [lopaBaHHS LWUMLLIOK XMento Ta BiTaMmiHy E ranbmye
NepeKNCHE OKUCIIEHHS | BMEHLLYE KOHLEHTPALLito KETOo-
HOBMX TiN Yy KPOBI KOPIB.

3. Wnwkmn xmento i Tokodepony auetat MOXYTb
Oy TV BUKOPUCTaHI SIK CKITaAHMKM KOPMOBUX J06aBOK
Ans NPOodINakTUKN KETO3Yy Ta XMPOBOTO NEPEepPOSKEHHS
NeYiHKN BUCOKOMPOOYKTMBHMX KOPIB.

MepcnekTuBM noganbLnX AocnigkeHb

Wnwkn xMento MiCTATb HU3KY CUIbHOAiI4YMX Bio-
NOriYHO aKTMBHMX pevoBUH. HeobxigHo 3ocepeauTun
yBary Ha BMBYEHHI Ail XyMYNOHY SIK OCHOBHOIO aHTU-
MiKPOBGHOrO YMHHMKA.
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Effect of hop cones and vitamin E on ketogenesis and antioxidant status in transition dairy cows
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The purpose of the work was the correction rumen fermentation in the transition cows to prevent metabolic disorders. For the experiment,
two groups of Ukrainian dairy black-and-white breed cows were formed, 10 animals per group. The experiment lasted 3 weeks preparfum and
3 weeks postpartum. Animals received a balanced diet, which consisted of haylage, silage, barley, wheat, corn, soybean meal, salt, mineral
and vitamin premix. The first group was the control. To the diet of second group 300 mg of a-tocopherol acetate (0.6 g of Rovimix E-50)
and 1 g/kg of dry hop cones per kg of dry matter was added. Before calving, the tested feed additive reduced the concentration of peroxide
oxidation products in the cows blood (P<0.05) without affecting other parameters. Changes that are more significant detected after calving.
A decrease in the concentration of lipid hydroperoxides (P<0.05), TBARS (P<0.05), and beta-hydroxybutyrate (P<0.05) were observed in
the blood of the cows of the experimental group. Therefore, the addition into diet of transition cows of a-tocopherol and hop cones inhibits
the lipid peroxidation and reduces the ketones formation. So, this feed supplement can be used to prevent ketosis and steatosis in cows.
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Oco6nuBoOCTi BNNMBY €KCTPaKTy BiBCa NOCIBHOro
Ha aHTUOKCUAAHTHY aKTUBHICTb NMe4YiHKu ryceun

1O. B. Hikonaesa’, O. O. [JaH4yeHKO0?
nndea@ukr.net

"MeniTononbCbKMn Aep>xaBHWUIA NegaroriyHnin yHiBepcuTeT imeHi borgaHa XmenbHuubKoro,
Byn. leTbMaHcbka, 20, M. MeniTonone, 3anopisbka 06n., 72312, YkpaiHa

2TaBpilCbKNA AEP>XaBHUI arpoOTEXHONONYHUIA YHiIBEpCUTET iMeHi [imutpa MoTtopHoro,
npocn. b. XmenbHuubkoro, 18, m. Menitonons, 3anopisbka 06n., 72312, YkpaiHa

3acTocyBaHHSA aHTUOKCUAAHTIB Y rodiBni NTMUi Cnpysie NocnabneHHIo CTPECIB Pi3HOI eTi-
onorii. MpMpoaHi aHTMOKCMOAHTU MakoTb HU3KY NepeBar Hag, CUHTETUYHUMK. MeTor poboTn Byrno
3’AcyBaTV BMNMB EKCTPAKTY BiBCa NOCIBHOMO Avena Sativa Ha 0cobnmnBoCTi PYHKLIOHYBaHHSA aHTW-
OKCUAAHTHOI CUCTeMM NeYiHKM rycen nig 4ac gisionoriyHol Hanpyru oopMyBaHHS! KOHTYPHOTIO
i toBeHanbHoro nip’'a (3 14- oo 56-i obu). CTaH aHTMOKCUOAHTHOI CUCTEMU B TKAHWUHAX MEYiHKN
BM3Ha4yanu 3a koedilieHTOM aHTUOKCUAAHTHOI aKkTUBHOCTI, BMICTOM KiHLIEBMX NPOAYKTIB Nino-
nepokcuaauii, akTUBHICTIO aHTUOKCUOAHTHUX €H3MMIB Ta BMICTOM XUPOPO3YNHHUX BiTaMiHIB.
3a pesynbrataMmm NpoBEAEHOMO EKCNEPMMEHTY OOBEAEHO, WO B NYCEHST KOHTPOMBHOI rpynu nig
Yyac hopMyBaHHS KOHTYPHOTO Mip’s BiOYBaETHCA 3HWKEHHS] aHTUOKCUOAHTHOI aKTUBHOCTI NEYiHKM
y 2,36 pasa, a toBeHanbHoro — B 1,9 pasa NopiBHAHO 3 BUXIOHUM 3HaYeHHAM. [logaBaHHSA eKc-
TPaKTy BiBCa A0 paLioHy rycew nig Yac popmyBaHHS nip’a NiaBULLYE aHTUOKCUOAHTHY aKTUBHICTb
IXHbOI neviHku. ig BNNMBOM ekcTpakTy dpisionoriyHa Hanpyra, noe’si3aHa 3 POpPMyBaHHSIM KOH-
TypHoro nip’st (28-a goba), cyTTeBO NOCNabntoeTbCa 3aBAAKA 3MEHLLEHHIO BMICTY FOMOBHOIO
cybcTpaty ninonepokcmaaLii HEHaCUYEHNX XKUPHMX KUCIOT NOMPW 3HWDKEHHST aKTUBHOCTI YCiX aHTUW-
OKCUOAHTHUX eH3MMIB. 1iaBULLIEHHS aHTUOKCUAAHTHOT aKTMBHOCTI y NeYiHL Nig Yac dopMyBaHHSA
I0BEHAanbHOro Mip’s BiAbyBaeTbCA 3aBASKM 3anyYeHHIO anbTepHaTUBHUX MEXaHi3MiB aHTUOKCU-
OaHTHOIO 3axuCTy, SKi peanidytoTbCs 30iMbLUIEHHSIM aKTUBHOCTI €HAOrEHHUX aHTUOKCUAAHTIB!
cynepokeuaamemyTtasm Ha 29,6% (P<0,05), katanasu Ha 34,6% (P<0,05), rnytaTtionepokcvuaasu
Ha 41,2% (P<0,01), a Takox BMicTy BiTamiHy E Ha 32,7% (P<0,05) i B-kapoTtuHy Ha 30,9% (P<0,05).
Mig BNNMBOM eKCTpakTy BiaOyBaeTbCsl HE TiMbKU BiporigHe NiABULLIEHHS Macu rycein HanpuKiHLj
gocnigy, ane v NokpalleHHs iXHix nTepunorpadiyHmMx NokasHukiB. ToMy Hagani gouinbHo 6yno
6 NpoBecTV aHanorivHi 4OCNIMKEHHS HA OVKUX BUAax NTaxiB y AUHMHOPO3NMigHMKAX, OCKINbKA

npouec hopMyBaHHS Nip’st came Ans umMx nNTaxiB Mae NPUHLMMNOBE 3HAYEHHS.

Knro4yoBi cnoBa: aHTUMOKCUMAAHTHA akKTUBHICTb, MPOAYKTU NinonepokcnaaLii, eH3umu,
BiTaMiHM, NeviHka, idionoriyHa Hanpyra, opMyBaHHs Nip’s, NTepunorpadivyHi NoOKasHMKK

BukopucTaHHA aHTUOKCUAAHTIB y roAiBni NTuLi
JonomMarae yCyHyTU LUKIANMBUIA BNAMB HEraTyBHMX dak-
TOpiB pi3HOI eTionorii. 3acTocyBaHHA NPUPOLHNX aHTW-
OKCUOAHTHUX AOMILLOK B rogieni NTUL Mae HU3Ky nepe-
Bar Hag TpaguuinHMMN CUHTETUYHUMK Jo6aBKaMu.
CborogHi yBary HayKkoBLiB 3 6araTtb0ox KpaiH CBITYy npu-
BepTae YHiKarnbHIiCTb KOMMNEKCy 6ionoriyHo akTUBHUX
CMonyK, siki BXoOsTb 0 ckriaay BiBca (Avena sativa) [2, 21].
| Ha ue € Baromi nigctaBsu. Cepes BigOMUX PEHONBHUX
CMOMyK B OCTaHHi POKM 0COBMNMBOIO 3Ha4eHHs1 HabyBatoTb
3HangeHi NOKK LLO TiNbKW y cKnagi Bisca Crosnyku LWnpo-
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KOro crekTpy GioximiuHoi aii — aBeHaHTpamign [11, 15].
ABeHaHTpamigu € nonicyHKUioOHanbHUMK Cronykamu,
LLIO 3YMOBIEHO MPUCYTHICTIO B TXHIX MOreKynax, okpim
GPEHONBHOI rigPOKCOrpynm, TaKOX aMiHO- i KapBOKCUIb-
HOT rpyn. HasgBHICTb EAWMHOIO enNeKTPOHHOro faHutora
BeH3onbHUX aaep | NoABINHMX 3B’A3KIB Y Morekynax
aBeHaHTpaMmifiB BM3Hayae Hag3BUYanWHO BUCOKY
TepMoAnHaMmivHy cTabinbHiCTb iXHiX pagukanise. [o-
BEOEHO, L0 aHTMOKCUAAHTHA aKTMBHICTb LMX CMOMyK
y 10-30 pasiB BuLa, HiX Yy BigoMux GiochnaBoHoigiB
[13, 14, 16, 18].
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XKWpHi KUCNOTW € OCHOBHNUMMW KOMMOHEHTaMM KIiTWH-
HMX MeMbpaH. BoHu BigirpatoTb Kro4oBy porb B eHepre-
TUYHOMY romeocTasi | 6epyTb y4acTb B aHTUOKCUAAHTHIN
BiAnoBigi TkaHuH. Bigomo, Wwo 3a gii npupoaHux donaeo-
HOIfiB BigOyBaeTLCA iHMOYBaHHSA CUHTA3M XUPHUX KNC-
NOT — MYNBLTUEH3NMHOIO KOMMIIEKCY, KM KaTanisye
CUHTE3 XNPHUX KnucnoT de novo [19, 20, 23] Ta iHwnx
eH3vMiB ninigHoro obmiHy. Lle moxe npussectv 40 3HW-
»KEHHS1 HEHaCcU4YeHOCTi NiniAjB i, K HACMIAOK, NiABULLIEHHS
PE3VCTEHTHOCTI TKAHUH OO0 Aii BiNbHUX pagukanis.

Y po6oTi [8] onpuntogHeEHO 0COBNMBOCTI 3MiH XXMPHO-
KMCINOTHOrO cknagy B TKaHWHaxX MO3KY, MEYiHKM i cke-
NEeTHUX M’'K13iB rycel 3a Aji eKCTpakTy BiBca MOCIBHOrO.
BcTaHoBneHo aHoMarnbHi KONMMBaHHS XUPHOKUCIIOTHOMO
cKriagy ninigiB LumX TKaHWH Nig, Yac goisionoriyHol Hanpyrm
dopmyBaHH4A nip’s. BTiM, mexaHiamu nigTpumkn npo-
OKCWAAHTHO-aHTUOKCMAAHTHOI PIBHOBAri BU3Ha4aloTbCs
He TiNbk1 MOPAONOriYHUMN 0COBNMBOCTSIMU TKAHWH,
ane n nepiogamu oHToreHesy NTuui.

Tomy MeTOHO Ui€i po6oTu 6yro 3'sicyBaHHS BMNUBY
€KCTpaKTy BiBca nociBHoro Avena sativa Ha 0coGnmMBOCTi
PYHKLIOHYBaHHSA aHTUOKCUAAHTHOI CUCTEMU NEYiIHKN
ryceu nig yac pisionoriyHoi Hanpyr1 opMyBaHHSA KOH-
TYPHOrO i tOBEHaNbHOro nip’q.

MaTtepianu i meTogun

LocnigpkeHHa NpoBoAMKM Ha rycax AaHCbKol nopoau
Jlerapt. MNTuya uiei nopoan Mae BUCOKI CMakosi i no-
YKVBHIi NMOKa3HVKM M'SICa 3 HA3BKVM PIBHEM >XMPY, @ TaKoX
sKkicHUi | goporun nyx. Lli rycy BigpisHS0TECA BUCOKMM
piBHEM 3aCBOEHHS! MOXMBHUX PEYOBUH 3a BUKOPUCTAHHSI
MEHLLOT KiNlbKOCTi 3epHOBOrO KOPMY MOPIBHAHO 3 Knacuy-
HUMK nopogdamu ryceri. OCHOBHa Maca XUpOoBWX Bigknia-
OeHb rycert nopoau JlerapT posTalloBaHa nif LWKipHAM
MOKPUBOM i HE 3MILLYETLCSA 3 M'ICHMMU BOSOKHamu [9].

Y 14-go6oBomy BiUji 3a NPUHLUMNOM aHanoris byno
cchOPMOBAHO 2 rpynn NYCEHAT — KOHTPOIbHY | AOCAIAHY,
no 26 ocobuH y KOXHI. Bnpogoex ycboro gocnigy ntu-
L0 KOHTPOMbHOI rpynu yTpuMyBanu Ha CTaHgapTHOMY
paLioHi, 30anaHcoBaHOMY 3a OOMIHHOK EHeprieto, NpPo-
TEIHOM i BiTaMiHamu 3rigHo 3 pekoMmeHaadismu [3].

lyceHaTam gocnigHoi rpynn BNpOAOBX Jocnigy oo
CTaHOaPTHOrO paLioHy AoAaBanu eKCTPaKT BiBca (Henpu-
MyCOBe BUMOOBaHHSA). [ns ekcTpakLuii eHOmMsHMX Cromnyk
BMKOPUCTOBYBanv Ha3eMHy 4acTuHy BiBCa MOCIBHOIO
Avena sativa y dasi KONocCiHHS i UBITIHHA. Buny4eHHs
¢naBoHOIAIB 3 BMXIOHOT CUPOBMHU MPOBOANNN BOOOKO
y cnieBigHoLWeHHi macw BiBca i Boaum 3:10. 3abiii rycen
i Bigbip GionoriyHoro marepiany ans GioximiuHux gocni-
[pKeHb NPpoBOAUNY 3 AOTPUMAHHAM HOPM KOHBEHLLT Paau
€BpOonu WOAO0 3axXMCTy TBAPWH, SKi BUKOPUCTOBYOTLCS
B HaykoBux gocnimkeHHsx (Ctpacbypr, 1986) Ta | Hayko-
BOro KoHrpecy YkpaiHu 3 6ioetukn (BepeceHb 2001).

BusHa4eHHSA aHTUOKCUAAHTHOT aKTUBHOCTI TKaHWH ne-
YiHKV 3aiicHIoBan y pidionoriYHo 0br'pyHTOBaHI TEPMIHM:
14-a poba — 3aBepLUEHHS NOCTHaTanbHOI aganTauir,
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28-a i 49-a — (bopMyBaHHS KOHTYPHOTO | FOBEHANBHOIO
nip’s BignoBiaHo, 56-a 4oba — HasiBHICTb ChOPMOBaHOIO
onepeHHsi, ctabinisaLis NpooKCMAaHTHO-aHTUOKCUAAHTHOI
piBHOBaru.

IHTEHCMBHICTb NpoLeciB NEPOKCUAHOIO OKUCHEHHS
(MOIN) ouiHOBaNM 3a BMICTOM MOrO KiHLEBMX MPOAYKTIB
B romoreHaTax TkaHuH (TBKAI,,,) Ta 3a iniuiauii MON
Fe?* (TBKATIT,,) [10].

Ak iHTEerpanbHWn NOKA3HWK CTaHy CUCTEMU aHTUOKCH-
AaHTHoro 3axucTy (AO3) BukopucToByBanu KoeilieHT
AHTUOKCUAAHTHOI akTUBHOCTI (Kaon)- WMoro paxyBanu sk
BigHoweHHs1 TBKAI,,, oo TBKATT,,, ockinbku B romore-
HaTax TKaHWH MICTUTbCSA He TiNbKun cybcTpaT nepokcu-
Jauii, a n komnoHeHTn cuctemmn AOS, 3aaTHi ranbmyBa-
TV nepokcuaaiio ninigie [6]. Okpim Toro, y BigibpaHoMmy
GiomaTtepiani B1U3Ha4anu BMICT NinigiB, aKTUBHICTb aHTK-
OKCMAAHTHUX eH3MMIB cynepokcuaancmyTtasmn (COL),
katanasu (KAT) i ryTatioHnepokcugasu (I1O) Ta BmicT
XUPOPO34YnHHUX BiTamiHiB (E, A i B-kapoTuHy) [10].
MapanensHO KOHTPOMNBaNu ANHaMIKY XX1BOI Macuy rycemn
Ta ixHi nTepunorpadiyni nokasHukn. CtatucTnyHy ob-
poOKy OTpUMaHuX pesynerariB NPoBOAWIM i3 3aCTOCy-
BaHHsM nakeTy nporpam Microsoft Office Excel 2013
Ta SPSS v. 13 3 t-kputepiem CtblogeHTa [12, 17].

Pe3ynbTaTy 1 06roBOpeHHs

dopmyBaHHSA aganTMBHOI BIAMNOBIgI HA YMOBW MOCT-
HaTanbHOro iCHYBaHHA BNPOAOBXK NepLUMX ABOX TUKHIB
XUTTS TYCEHSIT CYMPOBOMKYETLCS NiOBULLEHHAM aHTU-
OKCWOAHTHOrO CTaTycy IXHbOro opraHiamy. PesynsraTtu
NPOBEAEHOT0 EKCNEPUMEHTY NiOTBEPIKYHOTh, LLO B Me-
Xax JOCHiMKEHOro NPOMIXKKY OHTOreHe3y HIDKYUN BMICT
KiHLEeBUX NpoaykKTiB ninonepokeuaadii i HanBmwmi Kaoa
came y neviHui 14-go6oBumx ryceHaT (Tabn. 1).

3 14-i po 28-i nobw BindyBanock hopmyBaHHS KOHTYP-
HOrO Mip’st i B NEYIHL NYCEeHAT KOHTPOSBLHOI MPynu criocTe-
piranu 36inbLueHHs Bmicty TEKAI,,, Ha 55,3%, a Kaoa Nipn
LbOMY 3MeHLLMOCh Y 2,36 pasa. BogHo4ac y 28-0o6oBmx
ryCeHSAT JOCMiAHOT rpyni 3a Aji eKCTpaKTy BiBCa BMICT Mpo-
aykTie MOJ1 yTpumyBaBcst Ha ctanomy pieHi, a Kyo, nepesu-
LLMB BiANOBIAHWIA MOKa3HUK KOHTPOMbLHOI rpynun Ha 48,0%
(P<0,01). 3 28-i no 49-i Lobw BiporigHe 3pOCTaHHs BMICTY
TBKAr1,,, BCTaHOBMNEHO B NEYiHLi 4OCNigHOT rpynu rycem
Ha 34% (P<0,01, B KOHTPOMbHIN rpyni Ha pPiBHI TEHOEHLT),
ane TBKATrT,,, koHTponbHoi rpynu Ha 34,7% (P<0,05) Bu-
LLIMI 3a Lier NoKa3HUK JocniaHoi, i Kaoa Ha 35,5% (P<0,05)
BULLMIA Y JocnigHol rpynu rycei. BigHoBneHHs npo-
OKCMAAHTHO-aHTUOKCMOAHTHOI piBHOBary B 56-4060BX
rycen CynpoBOMAXKYBaroch 3HWKeHHAM BMICTY TBKAI,,,
i TBKATT,, B neviHui rycert o6ox rpyn, npu Libomy 36epi-
ranachb BiporigHa pisHnus Kaoa Ha 26,2% (P<0,05).

3a cepeaHim piBHeM Bnpoaosx gocniay Kaoa Aocnia-
HOI rpynu rycer nepeBnLIMB BiANOBIOHWI KOHTPOSbHUI
nokasHuk Ha 21,6% (P<0,05) i BogHo4ac cTabinisyBas-
ca — koeqoiuieHT BapiaLii Kaoa AocnigHoi rpynu Ha 44,7%
(P<0,01) HWK4MIA 3a KOHTPOSb.
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Ta6bnuusa 1. BmicT ninigis, npogykTiB ninonepokcuaauii i KoediluieHT aHTUMOKCMAAHTHOI aKTMBHOCTI B neviHui rycen (Mtm, n=6)
Table 1. The content of lipids, lipoperoxidation products and the coefficient of antioxidant activity in the geese liver (M+m, n=6)

Bik, no6a, Ipyna TBKAI'IBM)g, HMonb/r TEKArlil.-IK., HMonb/r J'!ir!inm, mr/r K
Age, day Group TBAAPorig nMol/g TBAAPInit, nMol/g Lipids, mg/g AOA

KoHTtponbHa / Control 54,8+3,8 93,1+3,7 22,711 0,59+0,03

" DocnigHa / Experiment 54,8+3,4 93,1+3,9 23,4+1,0 0,59+0,02
KoHTponbHa / Control 85,1£3,2 340,3+£10,3 15,1+0,5 0,25+0,00

2 DocnigHa / Experiment 61,7+2,8* 166,8+7,3** 14,8+0,4 0,37+0,03**
KoHTtponbHa / Control 93,5+4,7 301,61£14,2 13,9+0,6 0,31+0,01

* DocnigHa / Experiment 82,7+3,8 196,948,7** 12,8+0,5 0,42+0,02**
KoHTtponbHa / Control 69,3£3,1 165,1+7,1 11,010,4 0,42+0,02

% DocnigHa / Experiment 55,7+2,6** 105,3+4,8** 10,7+0,5 0,53+0,01**

lNMpumimka. TyT i B Aani pisHnua BiporigHa NopiBHSHO 3 KOHTponeMm: * — P<0,05; ** — P<0,01.
Note. Here and further, the difference is significant compared to the control: * — P<0.05; ** — P<0.01.

Tabnuus 2. AKTUBHICTb €H3UMIB i BMICT BiTaMmiHiB y neviHui rycen (M+m, n=6)
Table 2. Enzyme activity and vitamin content in geese liver (M+m, n=6)

AKTUBHICTb €H3UMIB
Enzyme activity

Bik, no6a, Ipyna

BmicT BiTaminiB, MKr/r
Vitamin content, ug/g

Ade. d G cof, KAT - 10-5, Mo - 104,
ge, day roup yM.oA./(XB-T) Hxkat/r MkMonb/(xBT) A E B-kapoTuH
SOD, conv. CAT - 10-5, GPO - 104, B-carotene
un./(min-g) nkat/g MKManb/(min-g)
KoHTponbHa / Control 14,29+0,57 27,54+1,23 5,83+0,24 4,95+0,23 13,49+0,61 10,73+0,39
14
HocnigHa / Experiment 12,97+0,49 26,29+1,12 5,47+0,24 4,62+0,19 13,93+0,62 10,47+0,43
KoHTponbHa / Control 8,31+0,39 15,02+0,65 4,57+0,19 4,19+0,21 12,1440,53 10,0340,42
28
HocnigHa / Experiment 6,36+0,27* 13,99+0,62 4,11+0,20 4,35+0,21 14,29+0,72* 11,07+0,43
KoHTponbHa / Control 7,33+0,38 11,05+0,43 3,91+0,18 4,32+0,25 10,18+0,43 9,57+0,43
49
HocnigHa / Experiment 9,50+0,31* 14,87+0,63* 5,52+0,29* 4,65+0,23 13,51+0,62* 12,53+0,57
KoHTponbHa / Control 10,04+0,39 12,85+0,53 5,5240,24 4,53+0,21 11,32+0,51 10,21+0,47
56
HocnigHa / Experiment 14,97+0,62**  17,81+0,69* 6,15+0,30 4,83+0,19 13,57+0,49*  12,84+0,53*

AHani3 aMHamiky 3aranbHuX NiniaiB ceiaYnTb, LLIO LIEN
MOKa3HVK MOHOTOHHO 3HWXKYETBCS B Yaci Ars NeYiHkx ry-
ceHAT 000X JoCNiaHNX rpyn: KoedilieHT kopensuii 3 va-
comr =-0,924 (P<0,05).

COL HanexuTb BaxnuBa gisionoriyHa porb B pery-
nsauji npouecis BPO. Mpo ue cBigyaTe gaHi ransmyBaHHS
MOJT B HaTMBHUX MeMOpaHax MITOXOHAPIN, MiKPOCOM,
nisocom. COL-aktmeHicTb Ta NOJ1 € B3aeMOOONOBHIO-
BanbH/MW KOMMOHEHTaMW B perynsuii BinbHopaaukanb-
HWX NPOLECIB, Ais AKMX cnpsMoBaHa Ha cTtabinisadito
MeMOpaHHMX CTPYKTYP KMiTUH. AK cTabinisatop KNiTUH-
Horo meTtaboniamy Ta romeoctasy, CO[] TicHO 3B’A3aHa
3 KAT i [T10, BiTamiHom E, ackop©atom, rnyTtatioHom [1].

digionoriyHa Hanpyra, NoB’si3aHa 3 (POpPMyBaHHAM
nip’sl B OpraHiami rycemn, xapakrepmaysanach 3HWKEHHAM
piBHs CO[-akT1BHOCTI B NeYiHL rycei KOHTPOIbHOI rpynu
3 14-1 po 49-i pobm B 1,95 pasa i TiNbKM HAaNPWKIHLi Jocri-
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Ay Ha Tni BigHoBneHHs pisHosark NOJT—-AOA akTUBHICTb
uporo eHaumy nigsuwmnace Ha 40,0% (P<0,05) (tabn. 2).
3 anHawmikoro CO-akTMBHOCTI KOHTPOMNBLHOI rpynu Kope-
notoTb 3miHn KAT- (=0,933; P<0,10) Ta IM1O-akTMBHOCTI
(r=0,958; P<0,05). Came Ha Tni bopMyBaHHs1 toBEHarb-
HOrO Mip’st BCTAHOBMEHO MiHIMarbHy akTUBHICTb HE TiMbku
CO[, ane 11 KAT i IT1O B neviHLj rycei KOHTPOSbHOI rpy-
nu. Lo cTocyeTbea 3MiH BMICTY BiTaMiHiB, TO BOHWM MEHLU
cyTTeBi. BmicT BitamiHy A i 3- KapoTVHy BIPOOOBX Aocrigy
BTPMMYBABCH Ha CTarnoMmy piBHi, a Ans BiTaMiHy E MiHi-
MarnbHWUIA piBEHb BCTAHOBIEHO Y 49-0060BMX rycen, Lo
Ha 24,5% (P<0,05) nocTynuecs BMXiQHOMY 3HAYEHHIO.
Y neuviHui rycen gocnigHoi rpynu 3HmkeHHst CO[l-
aKTUBHOCTI BCTAHOBMNEHO TiMbKW BNPOAOBX ABOX NEpLUMX
TwkHiB (Ha 41,8%, P<0,01), a 3 28-0i oobu A0 KiHUsA Oo-
cnigy akTUBHICTb LbOro eH3uMy 3pocna y 2,35 pasa.
HanpwukiHui gocnigy B 56-00608ux ryceHstT COL-akTBHICTb
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neviHkv gocnigHoi rpynu Ha 49,1% (P<0,01) nepesuimuna
BiOMOBIAHUIM NOKAa3HMK KOHTPOSbHOI. 3i aMiHamu CO[l-
aKTMBHOCTI AOCnigHOI rpynu kopentoe avHamika [MO-
aktueHocTi (r=0,908, P=0,093). Y rycewn gocnigHoi rpynu
HanpwukiHui gocnigy KAT-akTuBHIiCTb Ha BiaMiHy Big COL,
i MO He BiQHOBMIOETLCS 4O BUXIAHOIO PiBHS, BNPOAOBX
aocnify 3aMeHwyetbesa Ha 32,3% (P<0,05).

BiporigHa pi3Huusa 3a BMiCTOM BiTaMiHy E y KoH-
TPOnbHOI | gocnigHOT rpyn rycen BctaHoBneHa 3 28-i
[o6u po kiHuga gocnigy, a B-kapoTuHy — Tinbku B 56-00-
6oBoMy BiLi.

OTxe, NiaBULLIEHHST aHTMOKCMOAHTHOI aKTMBHOCTI Nne-
YiHKW rycen JOCnigHOI rpyn NOPIBHSAHO 3 KOHTPOSLHOK
nig Yac hopmyBaHHS KOHTYPHOTO Nip’a CriocTepiranoch Ha
Tni BiporigHoro 3HmkeHHst COL1l-aKTMBHOCTI | TeHOEHLUIN
00 3HWKeHHs akTneHocTi KAT i IT10. 3 ycix nokasHukis
TiNbKW BMICT BiTaMiHy E y gocnigHin rpyni BiporigHo
BULLMI 3@ KOHTPOSb. [igBULWEHHA aHTUOKCUOAHTHOT
aKTVMBHOCTI Nif Yac hopmMyBaHHS FOBEHANBHOTO Nip’s Bi-
OyBaeTbCs Ha TNi aKTMBI3aLi YCiX JOCTIZKEHUX EH3NMIB:
CO[ Ha 29,6% (P<0,05), KAT — Ha 34,6% (P<0,05),
MO — Ha 41,2% (P<0,01) Ta 36inblUeHHst BMICTY BiTami-
Hy E Ha 32,7% (P<0,05) i B-kapotuHy Ha 30,9% (P<0,05).

Bigomo, o ogHUM 3 MexaHi3MiB MigBULLEHHST aHTU-
OKCUAAHTHOI aKTMBHOCTI TKaHWH (PYHKLIIOHYOHOro opra-
Hi3MYy MOXxe ByTI 3HVKEHHST BMICTY FOfIOBHOIO cybeTpary
NEepPOKCUOHOrO OKUCHEHHS NinifiB HEHACUYEHUX XXUPHUX
kucrot (HXKK) i, BignoeigHo, 3gaTHocTi ninigis 6iomemo-
paH 40 OKUCHOTO MOLLKOMKEHHS [4, 5, 6, 19, 20, 22, 23].
[ocnigxeHHs1 3MiH XXnpHokucnoTtHoro cknagy (XKKC)
ninigis TKaHWH rycen nig yac (popMyBaHHS KOHTYPHOIO
i KOBEHArbHOrO Mip’s 4O3BOMMIIO BU3HAYUTU PIBEHD BMNM-
BY LIbOrO MEXaHiaMy Ha MiaABULLEHHS adanTUBHUX MO-
TEHLi rycen B 3a3Ha4yeHOMy nepiogi IXHbOro PO3BUTKY.
Pesynstatn gocnigxeHb XKKC TKaHWH rycen B LibOMy
gocnigi 6yno onpunogHeHo pariwe [8]. JoseaeHo, Wwo
came nig Yac hopMyBaHHS1 KOHTYPHOIO Mip’a B 28-0000-
BWX NYCEHAT MiABULLEHHSI aHTMOKCUOAHTHOI aKTUBHOCTI
TKaHWH, i B TOMY YMCIIi 1 NEYiHKK, Nig, BNAIMBOM EKCTPaKTy
BinOyBanoch Ha Tri pi3koro NagiHHs sik CyMapHOro BMIiCTy
HXKK, Tak HeHacu4yeHocTi XKK ninigis. OTxe, NigBULLEHHS
aHTUOKCUAAHTHOT aKTUBHOCTI TKAHWH 3a i1 eKCTpakTy
BiBCa Mig Yac (hopMyBaHHS KOHTYPHOTO Nip’st NPOSIBMNAETb-
¢S BUBIPKOBMM MOOYMHOBAHHAM CUMHTE3Y ab0 OKUCHEHHSI
XMPHUX KACNOT. MNiABULLIEHHST aHTMOKCUOAHTHOI aKTUB-
HOCTI nig Yac hopMyBaHHA t0BEHanbHOro nip’st B 49-
noboBux rycen BigbyBaeTbCs 3a paxyHOK akTuBizauii
€HOOreHHNX aHTMOKCUAAHTIB Ha Tri BMpiBHIOBaHHS YKKC
KOHTPOMbBHOI | 4OCAIAHOT rpyn, HacaMmnepe CyMapHOro
Bmicty HXKK i, BignoBigHO, HEHaCU4YEHOCTI.

KoHTponb AvHaMiku Macu ryCeHST BNpOAOBX Aocrigy
CBIiOUNTL MPO NEBHY TEHAEHLi0 A0 30inbLIeHHs Macu
rYCEHAT AOCNIAHOT rpynn NOPIBHSAHO 3 KOHTPOMBHOL.
Brim, BiporigHO OinbLUOK Maca rycew JoCnigHoi rpynm
NOPIBHSAHO 3 KOHTpOnbHOW (Ha 17,9%, P<0,05) ctae
TiNbKW HANPWKIHLi gocnigy B 56-0o60BoMYy BiLi i Lie € Ao-
[aTKOBUM MiATBEpOXKEHHAM akTuBizauii cuctemu AO3
rycew nig BNNvBOM €KCTPaKTy BiBca.
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BucHoBKu

MopiBHANBLHWI aHani3 3aranbHOro BUAy Ta CTaHy
OonepeHHs1 B rycein KOHTPOMbHOI i AocnigHoT rpyn Ha-
NpUKiHUi gocnigy AOBOAMTD, LLO B ryCen KOHTPOMNbHOI
rpynu onepeHHs NTuui BUrnagae MeHw ccpopmoBa-
HUM, 0cobnMBoO MaxoBi nepa. Po3BMTOK Nip’siHOro no-
KpWBY O€ELLO 3aTPUMYETbCS, OCOBNMBO NEPLLOPSAHUX
i ApyropsaHNX MaxoBuX i pynboBuX Nip'TH NOPIBHAHO
3 KOHTYPHUMMU, OKPiM TOro, 3aTPUMYETLCS PIiCT nip’'a
Ha cTerHax, bokax Tynyba.

B ekcnepumeHTanbHin rpyni onepeHHsa 3aranom
i Ha OKPEMUX NTEPUITISIX BUMMSAAE 300POBUM, CBIXKMM.
MpogoBxyoTh BigpoCTaTM MaxoBi i pynboBi Nip’iHKU
Ha CnWHIi. Ha iHWKX NTepuniax 3pocTaHHs | po3Bu-
TOK Nip’a 3aBepLUeHui, Y TOMY YMchi NyxXoBOro nip’s
i Nip’a-nNeH3nuka y XBOCTOBIN YaCTUHI.

Takum YMHOM, oAaBaHHS eKCTPaKTy BiBca A0 paLi-
OHY rycen nig Yac hopMyBaHHS Mip’a NigBULLYE aHTU-
OKCUOAHTHY aKTUBHICTb iXHBOI NEYiHKA. AHTMOKCUAAHTHA
[ist eKCTpaKTy NPOSABSETLCA Mig Yac PopMyBaHHS SAK
KOHTYPHOrO, TaK i toBeHanbHOro nip’s. BTiM, mexaHiamu
peani3adii uboro BNfMBY CyTTEBO pisHATLCSA. [ig BNn-
BOM €KCTpaKTy BiBca gpidionoriyHa Hanpyra B TKaHWHax
neYiHkW, NoB’a3aHa 3 POPMyBaHHAM KOHTYPHOTO Mip’s,
CYTTEBO NOCNabntoeTbecs 3aBAsKM BUBIPKOBOMY ranb-
MyBaHHI0 cuHTedy HXKK. MMigBuLLeHHA aHTMOKCUOaHT-
HOI aKTUBHOCTI Y LMX TKaHWHaX ryceu nig 4ac opmy-
BaHHSA t0BeHarnbHOro nip’s BigbyBaeTbCsa 3a paxyHOK
3aryyeHHs ansTepHaTMBHUX MEXaHI3MIB aHTUOKCUAAH-
THOTO 3aXMUCTY, AKi peani3ytoTbCA MiABULLIEHHSAM aKTuB-
HOCTi eHOOreHHMUX aHTUOKCuaaHTiB, nepegycim COJI-
i KAT-akTnuBHOCTI 6€3 BiporigHux 3miH XKKC. 3a aii
€KCTpaKTy BiBCa BCTAHOBMNEHO He TifbKK BiporigHe nia-
BULLIEHHS1 Macy rycei HanpuKiHLi gocnigy, ane 1 nokpa-
LLIEHHS iXHiX nTepunorpadivyHnX NOKa3HUKIB.

MepcnekTuBM NoganbLIMX AocnigkKeHb

Y HacTynHWUX JOCHiAXEHHAX gouinbHO 6yno 6 npo-
BECTM aHaroriyHi JOCHiMKEHHS HAa OVKUX BUAax NTaxis
Y ANYMHOPO3MNIiAHMKAX, OCKiNbKM npouec hopmMyBaHHSA
nip’st came Ansi umMx nTaxis Mae NPUHLIMINOBE 3HAYEHHS.
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Features of the influence of oat extract on the antioxidant activity of goose liver
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The use of antioxidants in poultry feeding helps to relieve stress of various etiologies. Natural antioxidants have a number of
advantages over synthetic ones. The aim of the study was to determine the effect of Avena sativa oat extract on the peculiarities of
the functioning of the antioxidant system of goose liver during the physiological stress of contour and juvenile feather formation (from
the 14 to the 56t day). The state of the antioxidant system in liver tissues was determined by the coefficient of antioxidant activity,
the content of the final products of lipoperoxidation, the activity of antioxidant enzymes and the content of fat-soluble vitamins. The
results of the experiment showed that the goslings of the control group during the formation of contour feathers have a decrease
in antioxidant activity of the liver by 2.36 times, and juvenile — 1.90 times compared to the initial value of this indicator. Adding oat
extract to the diet of geese during feather formation increases the antioxidant activity of their liver. Under the influence of the extract,
the physiological stress associated with the formation of contour feathers (28 days) is significantly reduced by reducing the content
of the main substrate of lipoperoxidation of unsaturated fatty acids, despite the decrease in the activity of all antioxidant enzymes.
Increasing antioxidant activity in the liver during the formation of juvenile feathers is due to the inclusion of alternative mechanisms of
antioxidant protection, implemented by increasing the activity of endogenous antioxidants: superoxide dismutase by 29.6 (P<0.05),
catalase by 34.6% (P<0.05), glutathioperoxidase by 41.2% (P<0.01), and the content of vitamin E by 32.7% (P<0.05) and B-carotene
by 30.9% (P<0,05). Under the influence of the extract there is not only a significant increase in the weight of geese at the end of the
experiment, but also an improvement in their pterylographic performance. Therefore, in the future, it would be advisable to conduct
similar studies on wild bird species in kennels, as the process of feather formation is of fundamental importance for these birds.

Key words: antioxidant activity, lipoperoxidation products, enzymes, vitamins, liver, physiological stress, feather formation, pte-
rylographic indicators
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BianpautoBaHHS TeXHONOTIl i 403 3aCTOCYBaHHSA
HaTUBHOI Ta iMMOGinizoBaHoI iHBepTa3un y 6XinbHULTBI

. ®. besnanud’, B. O. NocmoeHko?, C. B. Mepanoe!’, /1. I'. Koponb-besnana’
ifbezpalyi@ukr.net

'BinouepkiBCbKMI HaLiOHaNbHWIN arpapHUii YHiBEPCUTET,

nn. CobopHa, 8/1, m. bina Liepksa, Kuicbka 06n., 09117, YkpaiHa
2HHL «IHcTuTyT 6aXinbHUUTBA iMeHi T1. |. Npokonosuyay,

Byn. 3abonotHoro, 19, m. Knis, 03680, YkpaiHa

MigBULLIEHMI BMICT caxapo3n akaujieBoro Meay noe’si3aHun i3 BNAMBOM ABOX haKTOpiB,
SIKi CTPUMYIOTb IHTEHCMBHICTb NMPOLIECY PO3LLENNEHHs Avcaxapuay. 3 ogHoro 6oky, Le HefocTaTHs
iHBEepTa3Ha aKTUBHICTb IMOTKOBUX 3ar03 y pobounx 64Kin, a 3 iHWOro — HeKkTap CKIafgaeTbes
nepeBaxHo i3 caxaposu. BignosigHo no ACTY 4497:2005, men HaTyparnbHWi 3 akadii 6inoi mae
MICTUTK caxapo3n He GinbLue, Hix 10 %, ane Oyxe 4yacTo NaciYHUKM MOPYLUYHOTb TEXHOSOTIiK0
npoBeneHHs1 Meno360py i BiakadyykoTe HEOOCTATHLO 3pPiNniA NPOAYKT. Takui Men, He JONYCKAETLCS
00 peanisauii. Ina yHUKHEHHS Luux HacnigkiB HeobXigHO BUKOPUCTOBYBATW €H3UMHMWIA Npenapar
iHBepTa3mn Ha cTagji NpoLecy A03piBaHHA HEKTapY, LLO A03BONMUTL OTPUMATK NPOAYKT 3 MEHLLIOK
MacOBOI YaCTKOI caxaposu. Lien npenapat iHBepTasu BUKOPUCTOBYHOTb SIK Xap4oBy AobaBky
KOHOMTEPCBLKOI MPOMUCIIOBOCTI, Ik TEXHOMNOTiYHMI 3acib ans BMpoOHMUTBA iHBEPTOBAHOIO
cupony 3 po34yumHiB caxapoau. NMpoTte iHdopmaLlii Woao 3aCTOCyBaHHS LUTYYHOI iHBEpTa3u Ta i
BMIMBY Ha PO3LLENNEHHS gucaxapuay y OMKinbHUUTBI B APYKOBAHUX JKepenax HeOOoCTaTHbO.
Y uin cTatTi gocnigxeHo cnocobu BBeAEHHS eH3UMHOro nNpenapaTty B opraHiam 6axin 3a nepe-
poOku HekTapy. BcTtaHoBNEeHO 003K 3aCTOCYBaHHA HATMBHOI Ta iIMMOGINi3oBaHOI iHBEpTa3u
y OmKinbHUUTBI. EkCneprMeHTanbHO BCTAHOBIEHO, L0 HanedeKTUBHILLMM COCOOOM BHECEHHS
iHBEpTa3u € 3afaBaHHA eH3My 6e3nocepeaHb0 40 KOMIPOK CTiNTbHUKIB Nepes PO3MILLIEHHSIM 1X
[0 rHizaa anga 3anoBHeHHs1 HekTapoM. 3actocyBaHHsA 0,2% cyxoi cupoBaTku MOrioka y cuponi
cTabiniaye i NPOoHrye Aito eH3MMYy Y CTiNlbHMKax. ONTMManbHOK 4030 BHECEHHS EH3UMY Y CTiNb-

Hukn € 2—-3 Mr Ha 50 mr cupony 3 BMicTom 0,2% Cyxoi cMpoBaTKM MoroKa.

KnrouoBi cnoBa: HaTMBHa iHBepTasa, iMMobinisoBaHa iHBepTasa, Meq, 6ina akauis,
€H3UM, LlYKPOBUI CUPONM, CyXxa CMpOBaTKa MOJIOKa

HospiBaHHA Megy — ckragHe GioxiMiyHe nepeTBo-
PEHHS HEKTapy 3a BMMBY OpraHiamy 64xin, ocHoBa-
He Ha [BOX BaXNMBUX B3aEMOMOB’A3aHMX Npouecax:
3MEHLLEHHA MacoBOi YacTkun Bogn oo 16—18% Ta pos-
LLenneHHs CKnagHuX LYKpiB Ha MOHOLIYKPU 3a fii eH3u-
miB [1, 4, 14, 18]. Nopsg 3 unm, cuna ciM’i BNnMBae Ha
iHTEHCMBHICTb NEPETBOPEHHA HEKTAPY Ta HAKOMUYEH-
Hs1 skicHiWoro Meay. Ane sikoto 6 He Byna gyxe cunb-
HOIO CiM’s1, BCE OHO Y 3pinoMy NpoAyKTi 3anvLLIaeTbCA
neBHa KinbkicTb Ancaxapvay. gponis caxapoau Binby-
BaETbCA Nig Ai€t0 eH3MMY iHBepTasun, KU BUOINSETb-
cs rMoTKoBMMUK 3ano3amu 6opxin. LLopivyHo y npoueci
PO3BUTKY BOXKONMHOI CiM’i CNOCTepiraeTbCa HEPIBHO-
MipHa iHBepTYylo4a 30aTHICTb CEKPETY, sika 3anexunTb
AK Bif, BiKy caMoi pobo4oi 0COBMHN, TakK i Big CE30HY
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reHepauii. BecHsiHi 6px0nM MaloTb HU3bKY aKTUBHICTb
€H3MMY, ane B HaCTYMHMX NOKOMIHHAX PO3BUTOK 3a5103
nocuntoetbes [11, 13, 14, 18, 19].

Ha nepiog menos6opy 3 6inoi akauii icHye 3akoHO-
MipHICTb: criabo po3BMHEHI MMOTKOBI 3an03n y pobo4ymx
0COBUH Ta NepeBaXaHHA MacoBOI YacTKU caxaposu
B HekTapi. AkaLjieBuii Mef Mae NiaBULLEHWUI NOMUT, TOMY
nacivyHVKn ans 36inbLUIEeHHS NOro KiNbKOCTi YacTo Bigka-
YyIOTb HEQOCTATHLO 3PiNuiA 3a BMICTOM Caxapo3u Mef,
Xo4a Takuii Meq NoBHicTo Bignosigae Bumoram [ACTY 3a
MacoBOI YacTKow Boau. [icris aHanisy B nabdopartopii
TakWn NpoAdYyKT He AonycKakoTb A0 peanisalii i "oMunko-
BO BBaXaloTb (panbCuikOBaHNM LIYKPOBUM CUPOMOM.
Y niTepatypHux Dxepenax € pekoMmeHaadii woao no-
BTOPHOTO (Yepe3 3—4 MicsLi) NpoBeaeHHs1 nabopaTopHMX
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AocnimxeHb Meay, OCKiNbKW Y npoueci 36epiraHHs iHBep-
Tasa meny poaLlenntoe caxapoay [1, 2,7, 9, 10].

YKpaiHCbKi Ta iHO3eMHi naciyHMKM genani yacTiwe
BMKOPUCTOBYHOTb iIHBEPTOBAHWUI LyKOp A11s O4xKin sk 3a-
MIHHUK Mefly Mif Yac BeCHSAHOI nigroAisni Anst CTUMYIio-
BaHHS MaTKu, NOMOBHEHHS 3anaciB KOPMY Ha 3UMy TOLLIO.
B>xe rotoBuIn NPOAYKT Y 2—3 pasu AOPOXKUMI, HiXK LIyKOP,
TOMY MacCiHHUKW BNaCHOPYY BUrOTOBNSOTE MOro 3a 40MNo-
MOTroH0 Aji KncnoTty abo eHsumMHoro npenapary [7, 12, 15].

Ha puHKy Ykpainu y npogax HagxoauTb €H3MMHUNA
npenapar iHBepTasa, K1 BUpobnsieTbCsl BHACNiAOK
cnpsamoBaHoi chepmeHTadii wrtamy Penicillium cane-
scens 3 noganbLlUUM BiggiNeHHAM | KOHLEHTPYBaHHSIM.
IHBEpTa3y BMKOPUCTOBYHOTb SIK Xap4oBy J06aBKY B KOH-
auTepcbkii npoMucnoBocTi [6, 16].

3acTocyBaHHS HAaTUBHUX €H3UMIB Ma€e HeaoiKu:
IXHSA KaTaniTMiHa akTUBHICTb MOXeE 3HWDKYBATUCh 3a gji
pH cepenoBuLla, TemnepaTtypu, XiMiYHNX CMOMYK TOLLIO.
OnHum 3i criocobie cTabinisauii eH3uMiB € ix iMMobinisaLis
Ha Hocisax pi3Hoi npupoau [8].

BukopucTaHHs eH3MMHOTO npenapary B ranysi 6oxine-
HWULTBa BUBYEHE HEOOCTaTHBO, TOMY MU MPOBENN O0-
CMifXeHHSs WoAo BNAMBY HATUBHOI Ta iMMobinizoBaHoi
iHBEPTa3n Ha NpoLec JO3piBaHHS akaLieBoro Meay.

MeTa poboTtn — gocniantu cnocobu BBEAEHHS eH-
3MMHOIO MpenapaTty B OpraHiam 64xin 3a nepepobku
HeKTapy i BCTAHOBUTW 03U 3aCTOCYBaHHA HAaTUBHOI Ta
iMMObinizoBaHoOi iHBEpPTa3n B O KiNbHULTBI.

MaTtepianu i meTogm

HocnigpkeHHa npoBoavnM Ha NpuBaTHin naciui B bino-
LepkiBcbkomy p-Hi KniBcbkoi 06n. nig yac megosoopy
3 B6inoi akauii.

[ns BCTAHOBMNEHHS TEXHOIOr ONTUMArbHOM Croco-
Oy i po3mipy 403 €H3MMHOIO Npenapary B opraHiam 6opkin
Ta y Habpu3K HekTapy 3a 4o3piBaHHs Medy Byrno cdopmo-
BaHO CiM rpyn — KOHTPOIbHY i 6 AOCAiAHWX MO 3 GOXKOMUHI
CiM'T y koxHil [3]. Cxemy gocnigiB HaBegeHo y Tabn. 1 2.

[ns BCTAHOBMNEHHS KiNbKOCTi 0COBWH, siki BigBigy-
0Tb HanyBarnky abo rogisHuui y | i lll gocnigHux rpynax
i3 3ajaBaHHAM €H3UMY iHBEepTa3u 3a MexamMu BynuKa,
npoBoaunu BigeodikcaLjito MiYeHnx ogxin. 3a TmkaeHb
00 noYaTtky UBITiIHHA 6inoi akauii 3a gonomoroto map-
KepiB 3 pi3HMMUK Konbopamu 6yno nomMivyeHo GinbLUicTb
pobounx ocobuH (npnbnusHo 80%).

NS npurotyBaHHs po34MHY BUKOPUCTaHO 3 M PignHu
€H3nMHOoro npenapary iHBepta3n (10000 O) Ha 50 mn
Boam abo uykposoro cupony (1:1) B po3paxyHKy Ha OHy
cTaHgapTHY pamky (435x300), ska gocTaBnseTbcs Ao
rHisga nepeg megosdopom. Y VI gocnigHiv rpyni uykpo-
BuI cupon MictmB 0,2% cyxoi CMpoBaTKM MOSOKa.

BesnocepenHb0 40 KOMIPOK CTiNbHMKIB PO3MUNEHHSM
BHOCKAM Mo 50 MN pO34vnHY.

JTabopaTopHi AocnigKeHHs1 akTUBHOCTI iHBEpTasy
CBiXO3aneyaTaHoOro Mmefy nNpoBOAUIM 3a METOLMKOK
O. €. lanarttoka [5].

The Animal Biology, 2021, vol. 23, no. 2

Tabnuusa 1.Cxema crnocobis BBeAEHHS Mpenapary iHBepTasu
Table 1. The scheme of invertase drug administration methods

lpyna / Group Cnocib BBeAEHHSsI

KoHTponbHa

Control
3agaBaHHs eH3uMy iHBepTasu 3 Bogo

| nocnigHa y HanyBaskax 3a Mexxamu Bynvka

| experimental Feeding the enzyme invertase with water
in drinkers ouside the hive
3agaBaHHsA eH3uMy iHBepTa3n 3 Bogoo

Il pocnigHa y HanyBarnkax BcepeaviHi Bynuka

Il experimental

Il gocniaHa
Il experimental

IV pocnigha
IV experimental

V pgocnigha
V experimental

VI gocnigHa
VI experimental

Feeding the enzyme invertase with water
in drinkers inside the hive

3agaBaHHsA eH3UMy iHBepTasu 3 LlyKpOBUM
CMPOMOM Y FOAIBHULIAX 32 MeXaMu Bynuka
Feeding the enzyme invertase with sugar syrup
in feeders outside the hive

3afaBaHHs eH3UMy iHBepTasu 3 LlyKpOBUM
CMpOMNOM Y rofiBHULAX BCEPEAWHI Bynuka
Feeding the enzyme invertase with sugar syrup
in the feeder inside the hive

Po34nH eH3nMy iHBEpTa3n po3numioTb

3 Bopaoto 6eanocepeHbO Y KOMIpKM

The invertase enzyme solution is sprayed
with water directly into the cells

Po34nH eH3uMmy iHBepTa3n po3nunioTb

3 LlyKpOBMM cupornom i3 BMictom 0,2% cyxoi
cupoBaTky Moroka 6e3nocepeaHbo y KOMipKu
The invertase enzyme solution is sprayed
with sugar syrup containing 0.2% whey powder
directly into the cells

Ta6nuus 2. Cxema gocnigy 3 BU3Ha4YeHHs1 403
BHECEHOr0 npenapary iHBepTasu B po3paxyHKy
Ha OOuH CTaH4AaPTHWI CTiNbHUK (435%300), mn
Table 2. The scheme of the experiment

to determine the invertase drug doses

per standard cell (435x300), ml

3 LlyKPOBMM CUPOMOM
i3 Bmictom 0,2%

Ipyna / Group V\?itio@ggr CyXOi CMpOBaTK/ MOJIOKa
With sugar syrup
containing 0.2% whey powder
KoHTponbHa _ .
Control
| pocnigha
| experimental e B
Il gocnigHa
Il experimental 1.0 1.0
Il gocnigHa
Il experimental k2 19
IV pocnigha
IV experimental 2,0 2,0
V pocnigha
V experimental e e
VI gocnigHa 3.0 3.0

VI experimental
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BinGip npob meny, aHani3 di3vKo-XiMiYHMX MOKa3HWKIB
3givicHioBanu 3rigHo 3 ICTY 4497:2005 «Mepq HaTyparb-
Hu. TexHivHi ymosu» (OCTY 4497:2005, 2007) [9].

Pe3ynkTaTn 1 06roBOpeHHs

3a pesynbratamm aHarlisy 3paskiB 3ane4araHoro Meay
3 6inoi akaLii, y KOHTPOILHIl rpyni (HaTypanbHWA NPOAYKT)
aKTUBHICTb iHBepTasu ctaHoBuUTb 32,71 OL/kr (Tabn. 3).

BapiaHT, oe poboui 6mkonmn Mmanu 3aHoCUTH i3 BoOoHo
npenapar iHBepTa3u [0 rHisga i jogasaTtu 4o HeKTapy
(I pocnigHa rpyna), He 4aB NO3UTUBHUX PE3yNbTaTIB,
a NOKa3HWK aKTUBHOCTI EH3UMY 3anuLLMBCH Ha PiBHi
KOHTPOIbLHOI rpynn. Y cnocTepexeHHsX 3a MiYyeHUMu
ocobrHaMu BigMIiYEHO HE3HaYHU 3abip BOAM 3 EH3MMOM
6oxonamu | gocnigHoi rpynu.

Po3awiLLieHHs HanyBarok 3 Bogoto y Byruvkax |l gocnigHoi
rpynu BipOrigHO He BMSIMHYB Ha MiABULLEHHS aKTUBHOCTI
iHBepTa3swu 3pinoro meay.

Tabnuusa 3. AKTUBHICTb iHBepTa3u megy i3 6inoi akauii (Mtm, n=3)
Table 3. Invertase activity of white acacia honey (Mtm, n=3)

AKTUBHICTb iHBEpTa3u, OL/kr
Invertase activity, UN/kg

pyna cimen
Group of families

KoHTponbHa / Control 32,71+0,458
| pocnigHa / | experimental 32,39+0,516
Il gocnigHa / 1l experimental 33,12+0,473
Il gocnigHa / 11l experimental 36,61+0,597
IV gocnigHa / IV experimental 47,42+0,624
V pocnigHa / V experimental 82,40+0,736

VI gocnigHa / VI experimental 97,31+0,681*

lMpumimka. * — P<0,05.
Note. * — P=<0.05.

BukopucTtaHHs LlyKpOBOro cupony sk Jpkeperna npe-
napary iHBepTasu AeLL0 3MIHIOE CUTYaLil0 HAAXOOKEHHS
€H3UMY [10 NPOAYKTY B NpoLeci Ao3piBaHHsA. Hanpuknag,
Meq Big 6gyxonocimen Il gocnigHoi rpynu Big3HaunBCst
30inbLUEHHsIM aKTUBHOCTI iHBepTasu Ha 3,9 OL/kr. Bisy-
arnbHO BigMIYeHO 3abip LykpoBoro cupony 3baradyeHum
€H3MMOM iHBepTa3u 6axonamum-3éupadkamu.

Y 3paskax megy i3 cimen IV gocnigHoi rpynu 3a
3ro4oBYBaHHSA LlYKPOBOrO CMPOMyY 3 EH3MMOM Yepes
rogiBHMUI Hag rHisgom Bigdynock MigBULLEHHSA aKTUB-
HoCTi iHBepTa3n Ha 44,95% NOpIiBHSAHO 3 KOHTPOMEM.
OTxe, uykpoBui cupon GinbLue, HX BoAa, NigxoauTb
SIK [PKEPEeNo eH3nMHOro npenapary iHBepTasu. BigMmiH-
HocTi y nokasHukax Il i IV gocnigHux rpyn nos’sizaHi
3 pPO3MiLLIEHHAM NpenapaTy CTOCOBHO rHisga Ta 4oCTy-
ny npotsrom nobw. boxonu IV rpynu, nepepobusLumn
NpYHEeCEeHMN BOEHb HEKTap, Manu AoCTyn OO LyKpo-
BOrO CUpOMy BHOMI, Todi sik 30mpadku 3 Il rpynu Takoi
MOXITMBOCTI HE Manu, a 3paHKy npuctynanu go 36um-
paHHs HOBUX MOPLUI HEKTapy i nuwe 3a NPUNUHEHHS
HeKTapOBWAINEHHS LyKanu HOBI Jykepera B3ATKY.

3a BHeceHHs npenapary iHBepTasu 6e3nocepenHb0
00 KOMipOK CTiNbHWKIB PO3NPUCKYBaHHSAM BOGHOIO
posdunHy (V gocnigHa rpyna) eHsuMHa akTUBHICTb Medy
36inblmnacs y 2,5 pasa nopiBHAHO 3 KOHTPONEM.

Po34rH eH3nmHOro npenapaTty y cknagi LyKpoBo-
ro cupony 3 Bmictom 0,2% cyxoi cupoBaTku MOSioka
(VI pocnigHa rpyna), BHECEHUI Y KOMIPKM CTifTbHUKIB
nepes nigroToBKOK 40 Meao300py, MigBULLMB aKTUBHICTb
iHBepTasu 3pinoro megy Ha 14,9 OL/Kr nopiBHSIHO 3 BOA-
HUM po3dmHoMm (V gocnigHa rpyna) i mamke y 3 pasn —
MOPIBHSHO 3 KOHTPOEM.

Takox Oyno npoBegeHo SOCHiIAKEHHS WoA0 ONTy-
MarbHMX 403 EH3UMHOro nNpenapary iHBepTasu, BHece-
Horo 6e3nocepeHbO 40 KOMIPOK CTiMbHUKIB Y BUIMAL;
PO34MHY 3 AUCTUNBEOBAHOI BOAOH Ta 3 LIYKPOBMM CUPO-
nom (1:1) i3 Bmictom 0,2% cyxoi cvpoBaTku MOMOKa.

Ta6nuus 4. [lia pisHMx 403 eH3uMy iHBepTa3u 3a go3piBaHHA Meay 3 6inoi akadii (Mtm, n=3)
Table 4.The effect of different doses of the enzyme invertase during the ripening of honey from white acacia (Mtm, n=3)

Bwmict y HaTypanbHomy npoaykTi / Content in a natural product, %

BapiaHT i3 BoAo

BapiaHT i3 LlyKpOBMM CMPOIOM

e ST option with water option with sugar syrup
caxaposa MOHOLLYKpU caxaposa MOHOLLYKPU
KoHTponbHa / Control 4,950,254 75,64+0,810 4,950,254 75,64+0,810
| pocnigHa / | experimental 4,730,342 75,912,716 4,45+0,318 76,230,806
Il gocnigHa / 1l experimental 4,64+0,380 76,00+£1,097 3,81+0,196* 76,850,908
11l mocnigHa / Il experimental 4,250,411 76,413,120 2,21+£0,280** 78,37+0,216*
IV pocnigHa / IV experimental 2,85+0,196* 77,781,206 0,18+0,015*** 80,44+0,305*

V gocnigHa / V experimental

VI gocnigHa / VI experimental

2,42+0,203**

1,75+0,215™*

78,10£0,415*
78,89+0,408*

0,17+0,009***
0,15£0,011***

80,43+0,215**
80,46+0,230**

lMpumimka. * — P<0,05; ** — P<0,01; *** — P<0,001.
Note. * — P<0.05; ** — P<0.01; *** — P<0.001.

48

bionozis meapuH, 2021, 1. 23, N2 2



Bezpalyi I. F., Postoienko V. O., Merzlov S. V., Korol-Bezpala L. P.

Development of technology and doses of invertase in beekeeping

3a pesynsrataMmu aHanisy 3paskiB CBiKo3anevaraHoro
GinoakauieBoro meay, B HaTypanbHOMY NPoAyKTi KOH-
TPOMbLHOI rpynu ciMert BGyno BCTaHOBMNEHO BMICT caxapo3u
4,95% Ta 75,64% moHouykpis (Tabn. 4).

BHeceHHs1 eH3vmHoro npenapary i3 sogoto y |-l go-
cnigHux rpynax (0,5-1,5 mr Ha 50 mn Bogu Ha 1 cTan-
aapTHuin cTinbHuk 435x300) BiporigHO He cnpusno
3HWXKEHHIO BMICTY caxapo3u y megi.

3a BHeceHHs 2 Mr eH3umy Ha 50 mn Boam (IV go-
cnigHa rpyna) BMIiCT caxapo3u y NpoayKTi 3MEHLLNBCS
B 1,73 pa3a.

Hansuwmin piseHb rigponisy caxaposu 6ys y VI go-
CnigHin rpyni: ameHwWweHHs Byrnesogy Yy 2,82 pasa
LLIOOO KOHTPOTIHO.

3a 36inbLIeHHs BMICTY eH3MMY Y BOZi MacoBa 4acT-
Ka MoHoUyKpiB y Megi niagsuwyetbcsa Ha 0,27-3,25%.
Bapto 3a3HaumTy, wo B Vi VI gocnigHmx rpynax pisHuua
Gyna BiporigHoto.

3a pogaBaHHA eH3UMY B CKafi LiyKpoOBOro cupory
3 BMicTom 0,2% cyxoi cupoBaTtku Mosnoka y | gocnigHiv
rpyni 3HWKEHHSA BMICTYy caxaposn 6yno Ha pisHi 0,5%
LLIOOO KOHTPOIHO.

Y Il Ta lll gocnigHin rpyni BMICT caxaposn y mepj 6ys
MeHLWuM Ha 1,14% (P<0,05) Ta 2,74% (P<0,001).

3a BHeCEeHHS1 MakcuManbHOT 403K eH3MMY (3 Mr Ha
50 mr cupony) BMICT caxapoau 3HMXKyeTbCs y 33 pasu
(P<0,001) wono KoHTponto.

3a nopiBHSHHSA Ail eH3nmy y cknagi cupony Ao aii
eH3uMy Yy cknagi soau, y VI gocnigHin rpyni Busaene-
HO 3Ha4yHe MoKpaLleHHSA rigponidy caxapo3n y MOHO-
uykpu — 11,7 pasa.
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The increased sucrose content of acacia honey is associated with the influence of two factors that restrain the intensity of the
disaccharide breakdown process. On the one hand, this is an insufficient invertase activity of the pharyngeal glands in worker bees,
and on the other hand, nectar consists mainly of sucrose. According to National Standard of Ukraine 4497:2005, natural honey from
white acacia should contain no more than 10% sucrose, but very often beekeepers violate the technology of honey collection and an
insufficiently mature product is pumped out. Such honey is not allowed for sale. To avoid such consequences, the use of the enzyme
preparation invertase at the stage of the nectar maturation process will contribute, it will make it possible to obtain a product with
a lower mass fraction of sucrose. This invertase preparation is used as a food additive in the confectionery industry as a technological
tool for the production of invert syrup from sucrose solutions. However, the available information in printed sources on the use of artifi-
cial invertase and its effect on the breakdown of disaccharide in beekeeping has not been sufficiently studied. The article investigates
the methods of introducing an enzyme preparation into the body of bees for processing nectar. The doses of native and immobilized
invertase in beekeeping have been determined. It has been experimentally established that the best way to introduce invertase is to
add the enzyme directly to the cells of the combs before placing them in the nests for filling with nectar. Application of 0.2% milk whey
powder in syrup stabilizes and prolongs the effect of the enzyme in the honeycomb. The optimal dose of enzyme introduction into the
honeycomb is 2—3 mg per 50 mg of syrup with 0.2% milk whey powder.

Key words: native invertase, immobilized invertase, honey, white acacia, enzyme, sugar syrup, milk whey powder
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