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We determined the effects of oxytocin (OT) and prosta-
glandin F,, analogue (PG) added to extended boar semen
on the duration of artificial insemination (Al) and reproduc-
tive performance of pigs bred in July and August (temperate
climate of Central Europe). Eighty gilts and second parity
sows (G+SP) and sixty-four multiparous sows (M) were
divided into three groups. Group OT (11 G+SP and 37 M)
and group PG (20 G+SP and 28 M) were artificially in-
seminated twice (at the onset of estrus and 22—-24 h later)
using extended semen supplemented with 20 IU of OT
or 5 mg of PG, respectively. Thirty-three G+SP and 15 M
served as controls (C) inseminated with non-supplemented
semen. The mean duration of the first Al was shorter (P<0.05)
in M compared with G+SP females inseminated with PG-
supplemented semen (80122 s vs. 191126 s, respectively),
whereas the second Al was shorter (P<0.05) in M than in
G+SP artificially inseminated with OT-supplemented semen
(931£15 s vs. 192128 s). The mean pregnancy rate was
lower (P<0.05) in C G+SP (26/33; 85%) compared with
OT G+SP females (11/11; 100%). The OT M females had
more (P<0.05) stillborn piglets per litter compared with their
G+SP counterparts (0.8+£0.1 vs. 0.1£0.3). In summary, the
addition of PG was associated with shorter first Al times
in multiparous sows compared with G+SP, but with lower
farrowing rates in younger animals. Oxytocin supplemen-
tation was associated with a shorter second Al and higher
pregnancy rates in young females, but more stillborn piglets
per litter in older sows.

Key words: pig, oxytocin, prostaglandin, artificial insemi-
nation, summer

Introduction

Seasonality is a primary cause of non-infectious sub-
fertility and abortions in swine herds [21]. Seasonal sub-
fertility is defined as a decrease in piglet productivity of

The Animal Biology, 2023, vol. 25, no. 1

gilts and sows during summer and autumn [1]. The mani-
festations of seasonal subfertility include delayed onset
of puberty in gilts, prolonged weaning-to-estrus intervals,
reduced farrowing rates, increased numbers of stillbirths
and abortions, and fewer live born piglets per litter [1].
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Additionally, circulating progesterone concentrations are
lowest in sows during late summer/early autumn, which
may indicate a propensity for early pregnancy loss in pigs
[34]. Consequently, there is a noticeable decline in net
piglet productivity of summer-breeding gilts and sows.

In the wild pig, decreasing day length in late summer
and autumn provides a physiological cue to indicate that
it is not the optimal time for breeding; this is because
after the ~115-day pregnancy, the piglets would be born
midwinter and had a lower chance of survival [24]. The
domestic pig is a year-round breeder; however, the Sus
scrofa domesticus has clearly retained some of the re-
productive characteristics of its wild ancestor, as there is
a sharp atavistic decline in fertility during the late summer
and early autumn [34]. In commercial settings, photoperi-
odic cues are less pronounced or absent, leading to vari-
able responses to the decreasing day length in breeding
pigs [4, 3]. Summertime, however, is still the least favorable
season for swine reproduction due mainly to heat stress
[29]. Elevated temperatures impinge negatively on the
reproductive system of sows and boars, manifesting in
debilitated uterine and gonadal function [4, 3].

Implementation of reproductive technologies have in-
fluenced the way the pigs are raised for pork production
[5, 27, 2, 10, 15]. The use of artificial insemination (Al) is
a practice that has become widespread in the pig industry
[2]. While there are various types of Al used (e.g., intra-
cervical or intrauterine semen deposition), the ultimate goal
is to deliver a sufficient number of viable sperm into the
oviduct [2, 31, 11]. Any event that can reduce this reser-
voir of sperm can compromise swine fertility. The problem
of seasonal subfertility in swine is further exacerbated by
the dilution of ejaculates in semen extenders prior to liquid
storage and Al (a.k.a. dilution factor) leading to the reduc-
tion in the level of hormones influencing the rate of sperm
transport in the female reproductive tract [24]. Therefore,
hormonal treatments administered during or through Al
may be useful in reducing the effects of seasonal subfertil-
ity, and employed to develop strategies aimed at boosting
fertility and reproductive health of pigs and their offspring.

Oxytocin has been found to be associated with the
mounting reflex, fertilization and the contractions of myo-
metrium; the latter suggesting it is involved in sperm trans-
port in domestic animals. Progesterone and stress factors,
including heat stress, block the release of oxytocin, which
could be at least partly responsible for the decline in fertil-
ity observed in the summer months [12]. Prostaglandins
play an important role in the control of ovulation, luteal
function, maternal recognition of pregnancy, implanta-
tion, maintenance of gestation, parturition, and microbial-
induced infections [25]. Addition of prostaglandin F,,
(PGF,,) to extended boar semen has slightly increased
the reproductive parameters of sows, specifically the con-
ception rate and total number of live born piglets [33, 16].
The mechanisms whereby periovulatory PGF,, affects
these parameters have not yet been fully elucidated, but
it is possible that the sperm transport after insemination
with sufficient amount of PGF,, is accelerated.

The main goal of this experiment was to determine
and compare, in a single study, the effects of oxytocin
and PGF,, analogue added to boar semen extender
on the duration of insemination and reproductive per-
formance of gilts and pigs bred in July and August.

Materials and Methods

All procedures described in this section of the man-
uscript followed the guidelines contained in the EU
Directive 2010/63/EU for animal experiments (http://
ec.europa.eu/environment/chemicals/lab_animals/
legislation_en.htm), albeit the present study conducted
in a commercial facility did not require, in compliance with
the EU regulations, any additional permits or animal uti-
lization protocols. This experiment utilized gilts and sows
of the Polish White Landrace x Polish Large White cross-
es housed in a commercial facility (maximum capacity of
700 breeding females) situated in the Poland’s L. 6dzkie
region. The buildings in farm were mechanically venti-
lated in response to changes in temperature readings
taken by the climate-controlling computer (Wesstron, Au-
gustowo, Poland). All animals received fully balanced dry
mixes adjusted to their physiological condition. During the
period from insemination to gestation day 104 (gd104;
transfer to the farrowing unit), the mixes contained 13.5%
of crude protein, 6.0% of fiber, 5.3% of ash, 2.3% of ol
and crude fats, 0.7% of lysine, 0.22% of methionine, 0.8%
of calcium, 0.17% of sodium, and 0.6% of phosphorus.
During the period from gd104 until the ensuing weaning
or culling, the mixes contained 15.6% of crude protein,
4.5% of fiber, 5.7% of ash, 4.5% of oil and crude fat,
1% of lysine, 0.3% of methionine, 0.9% of calcium, 0.16%
of sodium, and 0.7% of phosphorus. For 28 days after
the second Al, the animals were kept in individual stalls
and then transferred to the group pens of 7—10 animals
each, in which they stayed until gd104 (i.e., approximately
10 days before the expected farrowing).

Reproductive management in the farm followed the
stringent weekly cycles of operation. Farrowing induced
with an injection of bioactive prostaglandin F,, analogue
(AlfaprostoF; Grabrostim, Ceva, Polska) typically occurred
on Thursday and Friday. Piglets were weaned on Thurs-
day, approximately 28 days post-parfum, and breeding
sows were relocated to the Al sector of the facility. Artificial
insemination procedures were then performed on Tuesday
and repeated after 22—24 h on Wednesday. Throughout
the entire duration of housing in the Al sector, breeding
females were exposed to a teaser boar for at least 1.5 h
each day and maintained under the 12-h per diem light
regimen. Ultrasonographic pregnancy check was routine-
ly performed on gestation days 28 and 42 (day O=second
insemination day) using an ultrasound scanner SonoFarm
mini (Draminski# Ulfrasound Scanners, Olsztyn, Poland).

The research sample consisted of 144 female pigs.
The animals were allocated by age to one of the three
groups (each n=48):
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1) control group (C) (33 gilts and second parity
sows (G+SP) and 15 multiparous sows (M)): pigs were
inseminated with non-supplemented semen doses;

2) oxytocin group (OT) (11 G+SP and 37 M): pigs
were inseminated with inseminates containing 20 |U
of oxytocin (Oxitocinum; Biowet, Putawy, Poland); and

3) prostaglandin F,, analogue (PG) group (20 G+SP
and 28 M): pigs were inseminated using semen sup-
plemented with 5 mg of prostaglandin F,, analogue
(PG; Dinolytic?; Zoetis, Warsaw, Poland).

Both hormones were added to the plastic bags con-
taining inseminates just before Al, at the doses recom-
mended by manufacturers. The present experiment
involved a series of Als conducted during the summer
months of July and August (from 12 July to 17 August).
Twenty-four animals were inseminated every week
(8 randomly selected females from each hormone sup-
plementation group) using a foam-tipped insemination
catheter (Golden Pig; IMV, L'Aigle, France) (intracervical
semen deposition, gravity flow only). Inseminate doses
(100 ml; containing 2.8%10° of spermatozoa) from Hypor
Maxter boars, were purchased from the Boar Ultilization
Center (Insefarm; Smitowo, Poland, http://insefarm.pl).
The average internal temperatures on the days of Al were
24.6°C in July and 23.6°C in August. The numbers and
physical condition of piglets were recorded at farrowing.
Live piglets with the birthweight <1 kg were classified
as weak piglets.

The proportions were analyzed by x?-test (Brandt and
Snedecor formula). The remaining numerical data were
subjected to normality (Shapiro-Wilk) and equal variance
tests, and then analyzed by two-way analysis of variance
(ANOVA), with the main effects of animal parity (G+SP
vs. M) and hormonal supplements used (C, OT or PG),
followed by the least significance difference (LSD) test to
determine the differences between individual mean values
(SigmaPIlot?; Systat Software Inc., San Jose, CA, USA).
The level of significance was set at P<0.05. All results are
given as mean + standard error of mean (SEM) unless other-
wise indicated in table columns or the text of the manuscript.

Results and Discussion

The effects of addition of either PG or OT to the
semen doses on the duration of Als are summarized in
table 1. There was a significant main effect of parity (G+SP
vs. M) and an interaction between parity and hormonal
supplement used (PG or OT) on the duration of the first
Al. The mean duration of the first Al was shorter (P<0.05)
in M sows compared with G+SP animals; this difference
was seen (P<0.05) in PG groups but not in OT or control
animals. There was a significant main effect of parity on
the duration of the second Al; it was shorter in M than
in G+SP animals due mainly to a difference recorded
in animals Al'd with OT-supplemented semen.

Table 1. Mean (+SEM) durations of inseminations in summer-bred gilts and sows
after the addition of 20 IU of oxytocin (OT) or 5 mg of prostaglandin F,, analogue (PG) to 100-ml inseminate doses

G+P M
Groups / Variable
C oT Overall C oT PG Overall
Duration of 1st Al (s) 160+20 132135 191+26a 161t16a 115+30 114£19 80122 b 10314 b
Duration of 2 Al (s) 138+16 192+28 a 125+21 152+13 a 133124 93+15 b 93+18 106+11 b

Note. G+SP: gilts and second parity sows; M: multiparous sows; Al: artificial insemination; ab P<0.05 (within rows, between G+SP and M

animals allotted to the same groups or overall).

Table 2. Reproductive performance of summer-bred gilts and sows

after the addition of 20 U of oxytocin (OT) or 5 mg of prostaglandin F,, analogue (PG) to 100-ml inseminate doses

G+SP M
Groups / Variable
C oT PG Overall C oT PG Overall
S 78.8% 100% 90.0% 85.9% 93.3% 97.3% 96.4% 96.25%
gnancy (26/33)A  (11/11)B  (18/20)  (55/64)  (14/15)  (36/37)  (27/28)  (77/80)
e e 69.7% 90.1% 70.0% 73.4% 86.7% 91.9% 92.9% 91.25%
9 (23/33)  (10/11)  (14/20)a  (47/64)  (13/15)  (34/37)  (26/28)b  (73/80)

. - 88.5% 90.1% 77.8% 85.4% 92.9% 94.4% 96.3% 94.8%
SETEHIE) 2 (23/26) (10/11) (14/18) (47/55) (13/14) (34/36) (26/27) (73177)
Litter size 10.2¢0.7  11.2¢41.0  11.9:0.9 111205 11.8£09 12.3:0.6 12.8:0.6 12.3:0.4
Live born piglets/litter 10.0£0.6  11.1#0.9  11.7:+0.8  10.9t0.4 11.5:0.8 11.5:0.5 12.3:t0.6 11.8£0.4
Stillborn piglets/litter 0.2¢0.2 0.1:0.3a 0.1#0.2 0.1t0.1a 0.4+0.2 0.8:0.1b 0.5:02 0.6£0.1b
Weak piglets/litter 04102  05:0.3  1.2¢03  0.7:02  06:03  06:02  1.1£02  0.8:0.1

Note: C — control group (animals inseminated with non-supplemented semen). Farrowing rate was calculated as the proportion of all inseminated
animals (*) or of the females with ultrasonographically confirmed pregnancy (**). G+P: gilts and second parity sows; M: multiparous sows;
ab P<0.05 (within rows, between G+SP and M animals allotted to the same groups or overall); AB: P<0.05 (between C and OT for G+SP).
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The results of the addition of hormones to inseminate
doses on the reproductive outcomes in the gilts and sows
of the present study are given in table 2. Oxytocin G+SP
animals exhibited greater (P<0.05) pregnancy rates com-
pared with their control counterparts (100% vs. 78.8%).
Mean farrowing rates (expressed as the percentage of all
inseminated animals) were greater (P<0.05) in M sows
than in G+SP animals inseminated with PG-supplement-
ed semen (92.9% vs. 70.0%). The supplementary hor-
mones and/or parity also had an effect on certain aspects
of swine fecundity. There was a significant main effect of
hormone supplement used on the number of weak pig-
lets per litter. Overall, PG females of all ages had more
(P<0.05) weak piglets per litter (1.2+0.2) compared with
C (0.520.2) and OT groups (0.6+0.2). Lastly, there was a
significant main effect of parity on the number of stillborn
piglets per litter. Overall, M females had more (P<0.05)
stillborn piglets per litter than G+SP group (0.6+0.1 vs.
0.1£0.1) and this difference was due mainly to significant-
ly more stillborn piglets per litter in OT M females com-
pared with OT G+SP group (0.840.1 vs. 0.1£0.1).

Conclusion

The only “direct” effect of the hormones added to the in-
seminate doses on the fertility parameters of summer-bred
pigs was observed in G+SP animals (an increase in preg-
nancy rates in the OT G+GP group relative to controls
inseminated with non-supplemented semen). However,
the use of PG and OT may have also “accentuated” the
age-related differences in farrowing rates and numbers of
stillborn piglets per litter, respectively; within the treatment
groups, both these parameters were greater in multipa-
rous sows compared with their younger counterparts.

Oxytocin in the inseminate dose may have stimulated
cervical and myometrial contractions and had a positive
impact on the movement of spermatozoa in the female
reproductive tract [30]. During natural mating, stimulation
of the oxytocin-producing hypothalamic neurons occurs
because of movements of the boar’s penis in the vagina
and cervix. The copulation lasts 5-10 min and oxytocin
concentrations in the mated sow rise dramatically within
2 min of the ejaculation. This increased oxytocin release
results in easier and faster transport of spermatozoa to
the oviducts. An earlier arrival of spermatozoa and their
accumulation in the uterine tube are associated with
better capacitation, fertilization rates and ensuing embryo
development [30]. Therefore, this would be the logical
reasoning behind the greater pregnancy rates in the OT
group when compared the control group of G+SP an-
imals [12]. However, the duration of the first and second
Al did not vary significantly between those two subsets
of animals. The duration of Al depends on the variation
in intensity of uterine contractions [26]; therefore, gilts of-
ten take longer to inseminate than sows, which was con-
firmed in the present study. Similarly, the shorter duration
of Al did not impinge on the improvement of reproductive

efficacy in M sows compared with the G+SP group in this
study, although depositing the semen too rapidly may
cause a backflow of semen out of the cervix and vagina
[14]. Collectively, the durations of the two Als within the
ranges recorded in this study did not seem to be a factor
influencing the fertility of summer-bred gilts and sows.

The addition of PG to inseminate doses was associated
with greater farrowing rates of M compared with G+SP ani-
mals. This difference appeared to be due mainly to a lower
degree of early pregnancy loss as fertility rates calculated
for gestating sows did not very significantly among various
subsets of pigs studied. Preovulatory LH surges stimulate
endometrial and intra-ovarian prostaglandin F,, (PGF.)
release, which in turn stimulates collagenase and elastase
for follicular rupture [6]. Prostaglandin F,, administration
at the time of insemination leads to advanced ovulation
suggesting that the exogenous PGF,, may also advance
the time of ovulation through intra-follicular mechanisms.
This effect would ensure an ovulation to occur during the in-
semination period, resulting in a better chance of pregnancy.
Prostaglandin F,, was also found to affect sperm motility
independently of uterine contractions, therefore it can
increase the rate of sperm transport even after applying
small amounts of the hormone [6]. Additionally, high con-
centrations of progesterone, possibly associated with the
presence of persistent luteal tissue, have been reported in
post-partum sows [13]. In a Dutch field study, 7.9% of sows
were found to have serum concentrations of progesterone
>3 ng/mL at weaning [13]. Some sows may retain semi
active corpora lutea even after farrowing, but an associa-
tion between high progesterone concentrations at weaning
and subsequent litter size has not been confirmed. Howev-
er, a study by [23] indicated that the administration of PGF,,
after farrowing improved the performance of sows during
the subsequent pregnancy; the treated sows delivered larg-
er litters with more viable piglets than untreated controls.

Diluted semen doses contain lower amounts of semi-
nal plasma and hence reduced amounts of all seminal hor-
mones including estrogens. Estrogens from boar semen
increase the myometrial contractility by stimulating PGF 5,
release [7; 8; 9], but they can also influence the timing of
the preovulatory LH release surge and ovulations relative
to natural mating or artificial insemination [7, 32, 35].

Gilts typically exhibit a 10 to 15% lower farrowing rate
than multiparous sows [28]. Primiparous sows also have
a 3 to 5% lower farrowing rates than multiparous sows.
Therefore, we cannot rule out the possibility that a lack of
differences in major fertility indices between M and G+SP
in this study might be due to the presence of equal num-
bers or even more subfertile females in the M group than
in lower-parity groups.

Any stress throughout pig gestation may result in loss
of pregnancy and reduced litter size [17, 22]. However,
animals selected for their reproductive potential (i.e., not
culled due to subfertility) are often less tolerant to the heat
than animals with lower reproductive potential [17]. By this
logic, the animals with higher reproductive potential would
have been the M group animals, with the younger gilts and
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sows being less sensitive to the heat and hence retaining
more embryos/conceptuses than their multiparous coun-
terparts. However, based mainly on the breeding farm pro-
duction records, reproductive performance of sows gener-
ally increases over the first three to four parities and then
begins to decline as they reach the seventh or eighth parity.
Therefore, even if OT supplementation resulted in a higher
number of ovulations and fertilized eggs, the limited space
for the development of fetuses to term may explain, at least
partly, a greater number of stillborn piglets in the M group.
Since mean litter sizes did not vary significantly between
older and younger females in this study, a greater number
of stillborn piglets in M compared with G+SP was less likely
caused by prolonged farrowing [18, 19, 20], although such
a possibility cannot be completely ruled out either.

To summarize, the summer-bred gilts and sows of the
present study showed dissimilar reactions to OT and PG
added to inseminate doses. The addition of PG to extended
boar semen was associated with a shorter first insemi-
nation and greater farrowing rates in the M sows com-
pared to G + SP animals. The supplementation of insemi-
nate doses with OT was associated with a shorter second
insemination but more stillborn piglets per litter in the M
sows compared with G-SP group. Additionally, OT-supple-
mented semen yielded higher pregnancy rates in G+SP
animals compared with their respective controls. This study
was not conducted in a controlled laboratory setting but
in a commercial facility. Thus, there may have been lim-
itations in that the findings are biased due to standard
farm management practices that deviate from artificially
controlled environments, but that fact would only increase
their applicability for use in practice. Both hormones test-
ed can be used in the breeding and production facilities.
Multiparous sows had positive responses to treatment
with PG, whereas OT proved to be the most effective
treatment for the G+SP group. Interesting questions not
addressed in the present experiment would be if OT, PG
and/or estrogens used in combination would improve the
reproductive capacity of gilts and sows, and if the breed of
the boar and semen dilution factor impinge on the effects
of exogenous hormones added to boar semen.
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Bnnue gogaBaHHA OKCUTOLMHY abo aHanora npocrarnaHauvHy F,, 0o po3pigxeHOi cnepMu KHypiB
Ha BiATBOpPIOBasibHY 34aTHICTb CBMHOK i CBUHOMATOK, LUTYYHO OCiMEHEHUX BRITKY

T. WWeapy’, . Apoc’, P. Ty3', 4. Hoeiuki', C. CeHm-)Ktonk?, M. Manononscka®, M. LLlapan?, 1. bapmnescki?

'YHiBepcuTeT CinbCbkoro rocnopaapcTaa B Kpakosi,

anes Miukesnya, 21, m. Kpakis, 31-120, MonbLia
2YHiBepcutet Benbda,

50 CtoyH Poyg lcT, Benbd, m. OHTapio, N1G 2W1, KaHaga
SHauioHanbHW HayKOBO-A0CAIAHWUIA iIHCTUTYT TBApPUHHULTBA,
Byn. Kpakisceka, 1, M. baniue, 32-083, lMNMonbLua

4lHcTuTyT Bionorii TBapuH HAAH,

Byn. B. Ctyca, 38, m. JlbBiB, 79034, YkpaiHa

Hocnimpkysanu Bnnme okeutoumHy (OT) i aHanora npoctarnanaviy F,, (PG), AoaaHvx 4o po3pipkeHoi cnepMm KHypiB, Ha TpyBarnicTb
LUTYYHOrO OCiMeHIiHHsI (Al) i penpoayKTVMBHI NOKa3HWKU CBUHEW, OCIMEHEHUX Y NMUNHI Ta cepnHi (nomipHuiA knimaT LieHTpanbHoi €sponn).
BicimaecaT cBnHOK i cBMHOMaTOK Apyroro onopocy (G+SP) i wictaecaT 4YoTupu CBMHOMATKM TPETBLOrO i HAacTynHMX onopocis (M)
po3ainunu Ha Tpu rpynu. Mpyni OT (11 G+SP i 37 M) i rpyni PG (20 G+SP i 28 M) asiui nposognnu Al (Ha noyaTky Tivku Ta Yepes 22—24 rop.)
3 BUKOPUCTaHHSAM po3pigxeHoi cnepmu 3 goaaBaHHam 20 MO OT a6o 5 mr NI BignosigHo. Tpuauate Tpu G+SP i 15 M cnyrysanu
KoHTponewm (C), ocimeHeHnM criepmoto 6e3 fobaBok. CepenHs TpusanicTb nepLuoro Al 6yna koporiuoto (P<0,05) y M nopieHsiHO 3 G+SP
camkamu, 3annigHeHnuMuK cnepmMoto 3 godaBaHHsaM PG (80422 ¢ npotu 191426 ¢ BignosigHo), Toai sik apyre Al 6yno kopotwmm (P<0,05)
y M, Hixx y G+SP, ocimeHeHnx cnepmoto 3 gogasaHHaM OT (93+15 ¢ npotu 192428 ¢). CepenHs 3annigHioBaHicTb 6yna Huxyoto (P<0,05)
y C G+SP (26/33; 85%) nopieHsiHO 3 camkamu OT G+SP (11/11; 100%). Camku OT M manu GinbLie (P<0,05) MepTBOHapOKEHMX MO-
POCAT Ha Npunnig NOpiBHAHO 3 ixHiMK aHanoramm G+SP (0,8+0,1 npotn 0,1£0,3). OTxe, AoaasaHHs PG [0 pospimkeHoi cnepMm KHypis
Npu3BOAUTL A0 3MEHLLUEHHsT TpuBanocTi nepLuoro Al y 6aratonnigHux CBUHOMATOK MopiBHSAHO 3 G+SP, ane 3HWXye 3annigHoBaHICTb
y Monoaux TBapuH. [loaaBaHHS OKCUTOLIMHY 10 PO3PIAXKeHOT cnepMum KHypiB CKopodye TpuBanicTb Apyroro Al Ta migsuLLye 3annigHioBa-
HICTb Y MOMOAMX CaMOK, ane 36inblLUye KiNbKiCTb MEPTBOHAPOOAXXEHMX MOPOCAT Ha NPWNAiA y CTapLmnx CBUHOMATOK.

Knto4yoBi cnoBa: CBUHi, OKCUTOLIMH, NPOCTarnaHAvH, WTYYHE OCIMEHIHHS, MiTO

Schwarz T, Jaros P, Tuz R, Nowicki J, St. Jules S, Matopolska M, Sharan M, Bartlewski PM. Effects of supplemental oxytocin
or prostaglandin F2a analogue in extended boar semen on piglet productivity of gilts and sows artificially inseminated in summer.
Biol. Tvarin. 2023; 25 (1): 3-8. DOI: 10.15407/animbiol25.01.003.
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Data on the influence of environmental factors on the milk
productivity formation of cows in different climatic zones of
Ukraine are presented. It was established that animals bred
in the steppe zone had the highest milk yield, milk fat content,
and milk fat output, and animals from the Polissia zone had
the lowest values. Among the cows from different breeding
zones, intergroup differentiation was also observed by milk
productivity depending on the year and season of their birth.
In the forest steppe zone, the highest productivity was noted
for the first-calf heifers born in 2011, in the Polissia and steppe
zones — for the animals born in 2015, and for the third lacta-
tion in all breeding zones, the cows born in 2015 were the
most productive. A curvilinear intergroup differentiation based
on the characteristics of milk productivity was also noted
between animals with different seasons of birth. The highest
milk yields at “Oleksandrivske” State Enterprise and “Named
after Volovikov” Joint Stock Company LLC were obtained
from the first-calf heifers born in the autumn period, and at
Research Farm “Askaniiske” Research State Enterprise —
from animals born in summer. During the third lactation, the
cows born in autumn were the most productive in all breeding
zones and whose first calving occurred in the steppe zone in
the spring period, in the forest steppe and Polissia zones —
in autumn. The year of birth and the breeding zone had the
most significant effect on fertility and fat content in milk, and
it was stronger in first-calf heifers, and the season of birth
of animals had the least effect on signs of milk productivity.

Key words: cows, breeding zone, year and season of birth,
milk productivity, influence

Introduction

The competitiveness of dairy cattle herds and breeds
is determined, first of all, by the milk productivity.
The maximum possible productivity of animals deter-
mined by their genotype is estimated as the genetic
potential of productivity. However, the realization of
this potential largely depends on environmental fac-
tors [13]. In recent years, along with the conditions of
feeding and keeping animals, significant importance

The Animal Biology, 2023, vol. 25, no. 1

have such systematic factors as the year and season
of birth, as well as in connection with climate change,
the area of animal breeding is becoming increasingly
important [2, 5, 7, 14].

In specific natural and climatic conditions, livestock
of the corresponding zonal types is more productive,
since when creating Ukrainian dairy breeds, the ma-
ternal basis was precisely breeds that are well adapt-
ed and acclimatized to specific environmental condi-
tions [8, 22, 23]. At the same time, many domestic and
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foreign scientists have established a sometimes sig-
nificant, but multidirectional influence of the year and
season of birth and calving on the formation of milk
productivity signs in cows [4, 6, 10, 12, 15, 16, 17, 21].
However, some scientists report a more significant ef-
fect of the autumn and summer seasons of birth on
the productivity [1], others [20] — about significantly
higher milk yields of cows born in autumn, and some
observed higher productivity in animals born in the au-
tumn and winter seasons [16, 17]. A number of authors
found out that the most significant influence on the
phenotypic variability of the milk productivity of first-calf
heifers is caused by the “herd” factor, the year of birth is
noticeably smaller, and the season of birth is the least
significant [3, 5, 11, 18,19, 21].

The purpose of the study is to find out the in-
fluence of the year and season of birth and breeding
zone of cows of the Ukrainian Black-and-White dairy
breed on the manifestation of signs of their milk pro-
ductivity.

Materials and Methods

The research was carried out in farms located in dif-
ferent climatic zones of Ukraine, namely: “Named after
Volovikov” Joint Stock Company LLC of Rivne (Polyssia
zone, n=1840), “Oleksandrivske” State Enterprise of Vin-
nytsia region (forest steppe zone, n=714) and Research
Farm “Askaniiske” Research State Enterprise (steppe
zone, n=926) on first-calf heifers and mature cows
(3 lactation) of the Black-and-White dairy breed. Animals
in all farms were fed rations that provided the main
elements of nutrition according to existing standards.
Cows that completed at least the third lactation at the
time of the research were included in the experiment.
In the control cows, we investigated the signs of milk
productivity (milk yield, milk fat content, and the amount
of milk fat) by means of a retrospective analysis of zoo-
technical accounting data over the last ten years. The in-
fluence of environmental factors (herd or breeding zone,
year and season of birth of animals) on the formation
of signs of milk productivity of cows was studied.

To study the influence of environmental factors on
the signs of milk productivity, we formed groups of ani-
mals according to belonging to the farm or breeding zone
(“herd” factor) and the year and season of their birth.

The influence of environmental factors on the vari-
ability of milk yield and fat content in milk was deter-
mined by one-factor variance analysis using the Statisti-
ca 6.1 software package.

Statistical processing of research results was carried
out by methods of mathematical statistics and biomet-
rics using Microsoft Excel software. The degree of inter-
group differentiation was assessed by comparing group
average arithmetic values for each investigated charac-
teristic. The significance of the difference between group
averages was assessed by the Student’s criterion (f) [9].

10

The difference between the average values was con-
sidered statistically significant at P<0.05 (* or ), P<0.01
(** or 2), P<0.001 (*** or 3).

Results and discussion

By the retrospective analysis of zootechnical records,
we established that the milk productivity of the Ukrainian
Black-and-White dairy cows depended on their breeding
zone. Thus, cows from the steppe zone had the highest
milk yield and milk fat output during both the first and third
lactation — 6492 and 264.2 kg, respectively, which is sig-
nificantly (P<0.001) more than in cows of the same age
from the forest steppe zone by 377 and 45.2; 268 and
40.6, and more than in the Polissia zone by 1042 and
66.6; 1035 and 63.0 kg. In turn, for the above-mentioned
lactations, 665 and 767 kg of milk and 22.3 and 22.4 kg of
milk fat were obtained from the cows of “Oleksandrivske”
State Enterprise, compared to animals of “Named after
Volovikov” LLC at P<0.001 in all cases.

The intergroup differentiation was also observed in
milk fat content in the control cows. The highest fat content
in milk during both the first and third lactations was also
in cows from the steppe zone — 4.08 and 4.01%, which
was significantly (P<0.001) more than in cows from the
forest steppe zone by 0.48 and 0.44, and from the Polissia
zone by 0.45 and 0.36%. At the same time, the advantage
according to the mentioned indicator between first-calf
heifers from “Oleksandrivske” SE and “Named after Volo-
vikov” Joint Stock Company LLC was 0.03 for the first, and
0.08% for the third lactation with P<0.001 in both cases.

Among the systematic factors of the environment,
“herd-year-season” plays a special role, the consider-
ation of which is important for adjusting the breeding
characteristics of cows, in particular, their milk productiv-
ity. However, the year the animal was born in itself does
not have a direct impact on its productivity, however, the
conditions (especially feeding) created in one or anoth-
er year significantly affect the formation of economically
useful traits of cows. It is known that animals born in
years that are unfavorable in terms of fodder, do not re-
ceive the necessary amount of nutrients for the develop-
ment of the body, they lag behind in growth and in the
future are characterized by lower productivity.

The analysis of yield for 305 days of lactation of the
first-calf heifers of the Ukrainian Black-and-White dairy
breed of different years of birth proved that the highest
productivity was achieved by the first-calf heifers in 2011
in the “Oleksandrivske” SE, in the “Named after Volo-
vikov” SP LLC and Research Farm “Askaniiske” SE —
animals born in 2015 (table 1). At the same time, animals
bom in the years 2006—-2012 in the “Named after Volovikov”
LLC had the lowest milk yield (4101-6232 kg) and milk
fat output (149.8-228.5 kg). According to these indi-
cators, they were significantly inferior (P<0.05-0.001)
to the same age groups from the forest steppe zone by
343—-1701 and 6.8-60.0 kg and steppe — by 4422377
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and 38.5-126.4 kg, respectively. Among the cows born in
2013, the best in terms of milk yield were animals from the
Polissya zone (6854 kg), in terms of milk fat yield, first-calf
heifers from the steppe zone (255.5 kg), and the worst
in terms of these indicators were the cows of the forest
steppe (6120 and 219.6 kg). Among the animals born
in 2014-2015, the most productive were the first-calf
heifers of Research Farm “Askaniiske” SE, their weight
was 6676 and 7250 kg, and the amount of milk fat was
264.3 and 282.6 kg, respectively.

After the third lactation, cows born in 2015 had the high-
est yield and yield of milk fat in all farms (table 2). At the
same time, for all the studied years, the lowest indicators
mentioned above were in the animals of “Named after Volo-
vikov” LLC. In terms of milk yield and milk fat yield, cows
born on this farm between 2006 and 2015 were, in most
cases, significantly (P<0.05-0.001) inferior to animals born
in the same years at the Research Farm “Askaniiske” State
Enterprise on 353—-1851 and 25.3-117.9, and in the “Olek-
sandrivske” State Enterprise on 96—1889 and 1.4—65.2 kg,

Table 1. Milk productivity of first-calf heifer
of the Ukrainian Black-and-White dairy breed
depending on the year of birth

Table 2. Milk productivity of mature cows
of the Ukrainian Black-and-White dairy breed
depending on the year of birth

Year Sign Year Sign
of of n
birth yield, kg fat, % milk fat, kg birth yield, kg fat, % milk fat, kg
“Oleksandrivske” SE, forest steppe zone “Oleksandrivske” SE, forest steppe zone
2006 68 5118+108.5 3.67+0.013 187.7+3.95 2006 68 6851+132.2 3.58+0.011 245.2+4.77
2007 69 5317+126.1 3.63+0.008 192.9+4.59 2007 69 6590+122.6 3.56+0.011 234.8+4.42
2008 71 5802+106.2 3.62+0.008 209.8+3.88 2008 71 6367+149.9 3.58+0.007 229.1+5.43
2009 73 5907+97.5 3.60+0.008 212.6+3.49 2009 73 5961+133.7 3.58+0.011 213.3+4.71
2010 74 6368+105.3 3.60+0.009 228.9+3.82 2010 74 6530+145.4 3.56+0.008 232.2+5.21
2011 76 6864+120.4 3.59+0.007 246.5+4.19 2011 76 7146+148.6 3.54+0.010 252.7+5.14
2012 67 65751+94.5 3.58+0.006 235.3+3.30 2012 67 7010+£150.5 3.54+0.009 247.945.20
2013 75 6120+103.8 3.59+0.007 219.6+3.65 2013 75 7373+137.4 3.59+0.007 264.6+3.65
2014 72 6249+136.1 3.59+0.007 223.9+4.82 2014 72 7249+151.6 3.62+0.009 261.9+5.30
2015 69 6754+121.5 3.5410.012 238.7+4.07 2015 69 7895+128.9 3.60£0.012 284.2+4.75
“Named after Volovikov” LLC, Polissia zone “Named after Volovikov” LLC, Polissia zone
2006 167 4345+65.0***% 3.61+0.004***3 157.0+2.36™** 3 2006 167 4962+96.4***3 3.63+0.007*** > 180.0+3.64*** 3
2007 191 4331+57.6***% 3.61+0.003*% 156.3+2.09*** 3 2007 191 5225+104.8***% 3.64+0.007*** 190.0+3.80*** °
2008 275 4101+54.5***3 3.65+0.004***3 149.842.01***3 2008 275 5268+77.9***3 3.66+0.006***3 192.44+2.81***3
2009 177 4490485.7 "3 3.67+0.007***3 164.7+3.15**3 2009 177 5865+121.6***3 3.62+0.008**%  211.9+4.35°
2010 137 5402+94.7***3 3.68+0.007*** 3 198.8+3.45** 3 2010 137 6257+123.4°% 3.64+0.009*** >  227.3+4.423
2011 138 5244%129.1***3 3.68+0.011***3 192.94+4.77***3 2011 138 6419+137.1***  3.59+0.012**3  229.7+4.74**3
2012 159 6232+110.6*2 3.67+0.005***3  228.5+4.07 3 2012 159 6168+101.7***3 3.58+0.005*** 3 220.8+3.61***3
2013 146 6854+155.2***1 3.62+0.007** %  247.3+5.42*** 2013 146 7140+117.51 3.58+0.008 3  255.4+4.17***3
2014 211 6502+100.9 3.57+0.007* 2 232.3+3.59°3 2014 211 6661+84.1***3 3.74+0.012***3 249.0+3.07* 3
2015 239 7219+100.6**  3.58+0.006** 3 258.5+3.57*** 3 2015 239 7526+90.3*2  3.75+0.010***3  281.843.38 3
Research Farm “Askaniiske” SE, steppe zone Research Farm “Askaniiske” SE, steppe zone
2006 61 6033+119.1***  4.29+0.040***  258.3+5.20*** 2006 61 6813+173.8 4.35+0.046***  297.9+9.07***
2007 60 6262+137.5*** 4.13+0.049***  257.7+5.60*** 2007 60 6321+£179.4 4.33+0.037***  274.6+8.68***
2008 66 6478+149.8***  4.26+0.033***  276.2+6.72*** 2008 66 6543+223.6 4.14+0.035***  270.5+9.36***
2009 101 5896+104.8 4.35+0.032***  256.2+4.88*** 2009 101 6670+147.6**  3.99+0.022***  266.0+5.96***
2010 91 6052+96.3* 4.1520.016***  250.8+4.04*** 2010 91 6980+144.2*  4.01+0.017***  279.74+5.89***
2011 92 6615+96.5 4.06+£0.034***  268.6+4.65*** 2011 92 6774+145.6 4.03+£0.010*** 273.246.08*
2012 125 6674+98.6 4.00+0.013**  267.0+4.23*** 2012 125 7547+109.7**  3.92+0.004***  295.9+4.22***
2013 109  6496%79.6** 3.94+0.014***  255.5+£3.13*** 2013 109  7501+122.3 3.90£0.003***  292.2+4.70***
2014 104  6676+85.0** 3.9610.007***  264.3+3.51*** 2014 104  7646+115.9*  3.90+0.002***  297.8+4.46***
2015 117  7250%85.1** 3.90+0.003***  282.6+3.25*** 2015 117 7879+84.5 3.90+0.007***  307.1+3.08***

Note. In this and the following tables *; **; *** — the significance between the “Oleksandrivske” State Enterprise and the “Named after Volo-
vikov” LLC and “Oleksandrivske” State Enterprise and the Research Farm “Askaniiske” State Enterprise, 1; 2; 3 — significance between

“Named after Volovikov” LLC and Research Farm “Askaniiske” SE.

The Animal Biology, 2023, vol. 25, no. 1
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respectively. Cows of the steppe zone of all studied years
of birth significantly (P<0.05; 0.001) outperformed the ani-

mals of the forest steppe zone by 22.9-52.7 kg in terms of

milk fat yield, and a significant (P<0.05-0.001) advantage
was observed in terms of milk yield only in cows born in
2009; 2010; 2012 and 2014 by 397-709 kg, respectively.

One of the most important quality characteristics of milk

is its fat content. It was established that among the first-calf

heifers and adult cows born in 2006—-2015, animals from
the Research Farm “Askaniiske” State Enterprise had
the most fat milk (3.90-4.35% both heifers and cows). On
the second position there were the animals from “Named
after Volovikov” LLC (3.57-3.68 and 3.58-3.75%) and
the lowest fat content was observed in the milk of cows
of “Oleksandrivske” SE (3.54-3.67 and 3.54—3.62%),
except the first-calf heifers born in 2006-2007 and 2014
and adult cows born in 2013, where this indicator was
lower in animals from “Named after Volovikov” LLC.
Considerable attention is paid in cattle breeding to
the problem of the optimal season for the birth of calves.
This is due to the fact that the season brings together
a number of environmental factors that affect mothers
and their offspring. Among them are the quality and range
of fodder in the diet, climatic changes and the microcli-
mate of the premises, peculiarities of metabolic process-
es and hormonal activity in the animal’s body throughout
the year. In dairy farming, despite the revealed advan-
tages of individual seasons, the production of calves is
planned relatively evenly throughout the year. This is due
to the year-round need for dairy raw materials [10].
According to the results of our research, the highest
milk yield and milk fat yield in the “Oleksandrivske” SE

Table 3. Milk productivity of first-calf heifer
of the Ukrainian Black-and-White dairy breed
depending on the season of birth

Season of birth

and “Named after Volovikov” LLC were noted for first-
calf heifers born in autumn, and in the Research Farm
“Askaniiske” SE — for animals born in the summer period
(table 3). The lowest values of the above characteristics in
the last two farms were observed in first-calf heifers born
in winter, and in the first farm — in animals born in spring.
It is worth noting that first-calf heifers from the Polissia
zone, born in spring, were inferior in terms of milk to peers
from the forest steppe and steppe zones by 701 (P<0.001)
and 1187 (P<0.001) kg, respectively, while those born in
summer — by 488 (P<0.001) and 1051 (P<0.001) kg,
in autumn by 387 (P<0.01) and 499 (P<0.01) kg, and
in winter by 1212 (P<0.001) and 1337 kg (P<0.001).
There was also a difference in this indicator between ani-
mals from the forest steppe and Polissia zones. In the
above mentioned seasons, the former were inferior to the
latter by 486 (P<0.001), 563 (P<0.001), 132 and 125 kg.
A similar pattern was observed in relation to the amount
of milk fat. The fat content in milk, depending on the sea-
sons, in animals of all farms had a wave-like character.
During the third lactation in all farms, cows born in au-
tumn had the highest yield and yield of milk fat, while the
lowest values of these indicators were observed in an-
imals born in winter (table 4). The animals whose birth
also occurred in the autumn period tumed out to be the most
fat-milk animals. The highest values of milk yield, milk fat
content, and milk fat yield in cows of all birth seasons
were noted in the steppe zone, and the lowest values were
in the Polissia zone. Animals from the steppe zone, based
on the above characteristics, significantly (P<0.05-0.001)
outnumbered animals from the Polissia zone by 670—
1224, respectively; 0.34—0.39 and 48.7-69.3, and from

Table 4. Milk productivity of mature cows
of the Ukrainian Black-and-White dairy breed
depending on the season of birth

Season of birth

Sign spring summer  autumn winter Sign spring summer  autumn winter
(n=245)  (n=137)  (n=111)  (n=221) (n=245)  (n=137)  (n=111)  (n=221)
Sub-division of “Oleksandrivske” SE, forest steppe zone “Oleksandrivske” SE, forest steppe zone
. 5920t 6168+ 6449+  6123% . 6837+ 6987+ 717+ 6802+
ViEeh b +71.0 +89.4 £97.2 £73.9 EE), b +80.0 1112  +129.1 +87.1
Fat 9 3.61¢ 359+ 3.61¢ 3.60¢ Fat 9. 357+ 3.56¢ 3.50¢ 3.58+
228 +0.005 +0.007 +0.008 +0.004 o W +0.005 +0.007 +0.009 +0.006
. 213.6+ 220.8+ 232.2+ 220.0+ . 243.7+ 248.9+ 255.2+ 243.2+
I, b +2 47 +3.09 333 £2 62 ISt L) +2.83 +3.94 +4.65 £3.12
“Named after Volovikov” LLC, Polissia zone “Named after Volovikov” LLC, Polissia zone
. 5228+ 5680+ 6062+ 4911+ . 5876+ 6243+ 6635+ 5812+
il 15 £75.1%%3  £93.0"*3  £76.6%2  +70.5%*3 Bk, k) £65.65%3  +91.67*3  470.5%%3  +73.8%%3
Fat % 3.65+ 3.64+ 3.61% 3.63% Fat % 3.64 3.62+ 3.68+ 3.65¢
248 +0.004***3 £0.005***3  +0.004 3 +0.004***3 0 W +0.005*** 3 £0.007***3 £0.007*** 3 +0.005***3
. 190.5+ 206.6+ 218.1+ 178.2¢ . 213.9+ 226.1+ 244 .4+ 212.2+
Milkfat kg yp7oexs 433405 42703 25273 Milkfat kg 45 3ges  +330%%3  +265*3  +7.71%*3
Research farm «Askaniiske» SE, steppe zone Research farm «Askaniiske» SE, steppe zone
. 6415t 6731t 6581+ 6248t . 7100t 7275+  7305¢ 7007+
il 15 L7777 162.87* 1380  +64.2 VIEL, b +107.6*  +90.9* +90.4 +83.3
Fat % 4.09+ 4.05% 4.07+ 411+ Fat % 3.99+ 4.02+ 4.02+ 4.01%
248 +0.019***  £0.018***  +0.017*** +0.017*** 0 W +0.014**  £0.015*** £0.017*** +0.013***
. 261.5+ 271.6% 267 .4+ 256.6+ . 283.2+ 291.7+ 293.1% 280.3+
Milk fat, kg £3.16%% £ Bare* 4D 91*** +2 70*** Milk fat, kg +4.30*** +3.65*** +3.78*** +3.21%**
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The milk productivity of cows depending on the year and season of birth

the forest steppe zone by 188-288 kg, 0.42—0.45% and
37.1-42.8 kg (the exception was the yield in autumn and
winter periods between cows from the steppe and Polis-
sia zones, the difference is not significant).

In our opinion, intergroup differentiation based on milk
productivity between cows of different years and seasons
of birth is caused by the action of a complex of natural
(climatic) factors, care, maintenance and feeding (quanti-
ty and quality of fodder, nutritional balance of diets, etc.).
However, there was no significant intergroup one-way
difference in fat content in the milk of cows of different
seasons of birth.

The results of our research show that among the stud-
ied environmental factors, the year of birth had the most
significant effect on fertility and fat content in milk, and it
was stronger in firstborns (table 5). It is worth noting that
the fat content in cows’ milk was also significantly influ-
enced by their breeding zone. At the same time, the last
factor had the greatest impact on milk fat output: 61.97%
in first-calf heifers and 54.62% in adult cows.

The studied characteristics of milk productivity for both
lactations were least affected by the season of the cows’
birth. Although it is worth noting that the calculated indica-
tors of the influence of the studied systematic factors of
the environment on yield, the fat content in milk and the
amount of milk fat in all cases were highly significant. We be-
lieve that in order to minimize the reliable influence of the
factors “herd”, “year” and “season of birth” of animals, it is
necessary to create a strong fodder base in each farm,
proper maintenance and breeding of heifers, and in the hot
season to carry out forced ventilation of the premises.

Table 5. The influence of environmental factors on the formation
of milk productivity of cows, %

Lactation
Indicator | Il
n2+my F n2tm, F
The influence of the breeding zone on the milk productivity
N of degrees of freedom of the factor:

organized 2 2
unorganized 3477 3477
Yield, kg 8.95+0.057*** 170.9 8.81+0.057*** 168.0
Fat, % 21.91+0.055*** 487.7 17.93+0.056*** 379.8
Milk fat, kg 61.97+0.035"** 2832.8 54.62+0.040*** 2092.3

The influence of the year of birth on the milk productivity
N of degrees of freedom of the factor:

organized 9 9
unorganized 3470 3470
Yield, kg 29.57+0.237*** 161.9 19.05+0.250*** 90.7
Fat, % 22.7740.246*** 113.7 16.36+0.252*** 754
Milk fat, kg 4.60+0.259*** 18.6 1.51+0.259*** 5.9

The influence of the season of birth on the milk productivity
N of degrees of freedom of the factor:

organized 3 3
unorganized 3476 3476
Yield, kg 4.04+0.086*** 48.8 2.13+0.086*** 25.2
Fat, % 3.65+0.086*** 43.9 2.55+0.086*** 30.3
Milk fat, kg 0.89+0.086*** 10.4 1.36x0.086*** 15.9
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Conclusion

Formation of milk productivity of cows of the Ukrainian
Black-and-White dairy breed was significantly influenced
by their breeding zone. Animals bred in the steppe zone
were characterized by the highest milk yield, milk fat
content, and amount of milk fat during the first and third
lactations, and the lowest by individuals from the Polis-
sia zone. Curvilinear intergroup differentiation based on
milk productivity was also noted in animals with different
years and seasons of birth. In the forest steppe zone,
the highest productivity was noted for first-calf heifers
born in 2011, in the Polissia and steppe zones in ani-
mals born in 2015. During the third lactation, cows born
in 2015 were the most productive in all breeding zones.
The highest milk yields in the “Oleksandrivske” SE and
the “Named after Volovikov” LLC were obtained from the
first-calf heifers born in the autumn period, and in the
Research Farm “Askaniiske” SE in summer. During
the third lactation, the most productive cows in all farms
were cows born in the autumn months. The year of birth
and breeding zone of cows had the most significant in-
fluence on fertility and milk fat content, and the season
of birth had the least effect.
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MposiB 03HaK MOSIOYHOI NPOAYKTUBHOCTI KOPIiB Y Pi3HUX KNiMaTU4YHMX 30HaxX po3BeneHHs
3aNeXxHo Bif POKY Ta Ce30HY iX HapOa4KeHHA

B. B. ®edoposudy’, I. B. lLinume?, €. I. ®edoposuy’, T. M. Cynposuy®
logir@ukr.net

"lHcTuTyT Gionorii TBapnH HAAH,

Byn. Bacunsa Cryca, 38, m. JlbBiB, 79034, YkpaiHa
2[|LBIBCLKMIT HALIIOHAMLHUI YHIBEPCUTET BeTEPUHAPHOT MeauLMHI Ta BioTexHonoriit imeHi C. 3. [kuubkoro,
Byn. Mekapcbka, 50, m. JTbiB, 79010, YkpaiHa
33BO «[MoginbCcbknin AepxaBHUI YHIBEPCUTETY,
Byn. LUeByeHka, 12, M. Kam’aHeub-lNoginscbkuin, XmenbHuubka obn., 32316, YkpaiHa

HaBegeHo aaHi LWoao BNnvBYy YMHHUKIB AOBKINMS Ha (0OPMYBaHHS MOSIOYHOI MPOAYKTUBHOCTI KOPIB Y Pi3HUX KNMIMaTUYHNX 30HaxX YKpaiHu.
BcTaHoBneHo, LWo HanBuLLi HaAoi1, BMICT XMUpPY B MOMOLLi Ta BUXIiA MOMOYHOTO XUpy Bynu y TBapuH, SKnx po3BoAsTb y 30Hi CTeny,
a HalHWXK4i — B 0CcoBUH i3 30HM Moniccsa. Mixx kopoBamu 3 pi3HUX 30H PO3BEEHHSI TAKOX CrocTepirany MikrpynoBy AvdepeHLiadiio 3a
03HaKaMu MOFOYHOI MPOAYKTUBHOCTI 3aNeXHO Bif, POKY i CE30HY iX Hapo[KeHHS. Y 30Hi JlicocTeny HamBWLLIOK NPOAYKTMBHICTIO BiA3Ha-
Yanucs nepsicTku, Aki Hapogunues y 2011 p., y 3oHi Monicca Ta Cteny — tBapuHn 2015 p. HApoAXKeHHs, a 3a TPETHO NakTaLilo y BCiX
30Hax po3BeAEeHHS] HaNMPOAYKTMBILLMMU BUSBUNNCS KOPOBUM, HapogxeHi y 2015 p. KpyBoniHiiHy mixkrpynoBy AudepeHuiaLiio 3a o3Ha-
KaMy MOSIO4HOI NPOAYKTUBHOCTI Big3HAYUM i Mk TBApMHAMM 3 Pi3HMMM ce3oHaMn HapomkeHHs. Hameuwi Hagoi y N A «Onekcan-
apiscbke» | TOB CI1 «ImeHi BonosikoBa» ogepxaHo Bif NepBiCTOK, SKi HAPOAMNWCSA B OCiHHIN nepioa, a B AN «[JocnigHe rocnogapcTeo
«AcKaHilicbke» — B 0COBUH, HapOomXXeHUX BNITKy. 3a TPETIO MNaKTaLijto y BCiX 30HaxX po3BeAeHHS HaWNPOAYKTUBHILLMMU Bynin KOpoBY,
HapopKeHi B OCIHHI MicsLli i mepLue OTeneHHs SKMX Npunagano Ha BeCHsIHWM nepiod y 3oHi Cteny, Ha oCiHHiIM — Yy 30Hi JlicocTeny Ta
Moniccs. HancyTTesiwmi BNAUB Ha Hafdili Ta BMICT XVpY B MOSOL Manu pik HapOAXKeHHS Ta 30Ha PO3BEAEHHS KOpIB, MPUYOMY CUSlb-
HiluMMm BiH ByB y NepBICTOK, a HaliMeHLLe Ha O3HaK1 MOSIOYHOI MPOAYKTUBHOCTI BMIMBAB CE30H HAPOMKEHHS TBAPUH.

KntouoBi cnoBa: KOpoBu, 30Ha po3BedeHHS, PiK | CE30H HaPOAXKEHHS, MONOYHa NPOAYKTUBHICTb, Cyna BNNNBY

Fedorovych VV, Shpyt IV, Fedorovych Y|, Supovych TM. The signs of milk productivity of cows bred in different climatic zones
depending on the year and season of their birth. Biol. Tvarin. 2023; 25 (1): 9-14. DOI: 10.15407/animbiol25.01.009.
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We have studied the reproductive abilities of the animals
and the development of the offspring during the post-sucking
period on cows of the Gray Ukrainian breed in the 153 |ac-
tations. To evaluate the cows and the offspring, in addition to
traditional signs, indicators of net energy of body maintenance
and net energy of growth were introduced, as integrated indi-
cators of the state of the organism, which depend to a great-
er extent on the origin than on the conditions of keeping. We
have established that the researched population of animals of
the Gray Ukrainian breed in the ecological and fodder condi-
tions of the steppe zone of Ukraine shows excellent maternal
instincts, reproductive function and small foetus rate not lower
than the standard for the breed, almost equal distribution of off-
spring by sex. The yield of calves per 100 cows is 97-98%, live
weight of calves at birth is 25-26 kg for heifers and 27—-28 kg
for bulls; high milk yield: the weaning live weight at 8 months
of age is 200 kg for heifers and 230 kg for bulls, the service
period of cows for 1-3 lactation period is 155-91 days, the in-
tercalving period is 433-371 days, the small foetus coefficient
is 0.54-0.49, net energy for maintaining vital activity in cows is
40-45 MJ and in newborn calves — 4.5-4.6 MJ, the net en-
ergy of growth of young calves when weaned from their moth-
ers is 19—20 MJ and for the entire period of suckling is 3800—
4900 MJ. In the section of lactations, correlational dependenc-
es were established between the net energy of maintaining
cows and their offspring, which makes it possible to carry out
more purposeful selection and selection of animals for further
breeding and preservation of the herd of this breed.

Key words: energy, breed, cows, offspring, productivity,
growth, reproduction

Introduction

The Gray Ukrainian breed is characterized by high
adaptation to ecological, climatic (high temperatures)
and fodder (pasture-free maintenance) conditions of
maintenance and productive use in the steppe zone of
Ukraine, small foetus and high stress resistance [2—4,
11]. Itis characterized by strong constitution, calm tem-

The Animal Biology, 2023, vol. 25, no. 1

perament, manufacturability, longevity (10-12 years
and more), harmonious physique, long stature (over
a long period, average daily gains are 1000 g/day),
high conversion of feed into products, and resistance
to common infectious and invasive diseases, the pro-
portionality of the development of muscle tissue, the
slaughter yield is within 58-60%, the meat index is
4.0-4.5, the ratio of protein to fat in the carcassis 1: 1,
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the obtained beef has good taste qualities (juiciness,
aroma, tenderness) and culinary properties (cooking),
the pH of the meat is 6.7-6.9, which contributes to the
long-term storage of the product and attracts the con-
sumer [1, 6, 13].

The use of modern breeds of cattle is mainly aimed
at increasing their productivity. At the same time, the
reproductive capacity of the breeding stock naturally
decreases, which negatively affects the effectiveness
of breeding the only gene pool of the Gray Ukrainian
breed in Ukraine, which is kept in production conditions.
Preservation of this autochthonous meat cattle involves
the expansion of the population array, stabilization of
the genetic potential of growth energy and prevention
of a decrease in reproductive functions for its further re-
production, which is relevant for the breeding process
in the meat cattle breeding of Ukraine and ensuring
the diversity of the biocenosis in the world [5, 7, 8].

Materials and methods

In the experimental farm “Polyvanivka” of the State
Institution “Institute of Grain Crops of the National Acad-
emy of Agrarian Sciences of Ukraine” from the total
population of clinically healthy 266 cows of the Gray
Ukrainian breed, the 189 cows with live weight 470-500 kg
were selected for the first lactation. The research was
conducted during three lactations: on the second lac-
tation on 177 cows and the third lactation on 158 cows
(the decrease in the number of cows occured due to the
elimination of animals for various production reasons).
The subjects of the study were cows and calves of the
Gray Ukrainian breed. The subject of research was
reproductive capacity and energy potential (status)
of cows and calves.

Cows in the summer period were kept untethered
on a walking and feeding area (20 m? per animal) with
a hard surface, the feeding front was 1.2 m/animal.
In the winter period cows were kept tethered and fed
2 times a day. In summer the ration consisted of green
mass of cereal and leguminous herbs, hay, straw and
concentrates. In winter it contained corn silage, hay,
straw and concentrates. The specific weight of con-
centrates in the rations was 9-18%.

Cows consumed 2.2-2.5 kg of dry substance (DS)
per 100 kg of live weight with an energy concentration
8.5-9.2 MJ/kg DS and 10-12 g of crude protein in 1 kg of DS.
The particle size of coarse (hay, straw), juicy (silage) and
green feed was 5-7 cm. The animals had constant free
access to mineral feed (table salt, tricalcium phosphate,
monocalcium phosphate, chalk). Watering was carried out
freely from troughs with fresh water every day.

Calves up to 8 months of age were kept on free
suckers with free access to hay and concentrates after
one week of age. Calves were weighed every month to
determine average daily gains. Before 5-10 days calv-
ing, at the beginning of the suckling period (35—45 days)
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and after 70-80 days, the condition (fatness) of cows
was determined according to the author’s 5-point meth-
od [9]. In order to find non-traditional methods of assess-
ing the individual development of young animals and the
reproductive capacity of animals of various origins, the
energy status of cows was determined by the net ener-
gy of support of the cows themselves and the net energy
of support and growth of the offspring according to the
method of V. V. Tsyupko et al. [12].

The energy needs of animals for support are de-
termined by the heat output of the animal’s body in
thermoneutral conditions. In numerous experiments,
it was established that heat losses for animals of dif-
ferent live weights, especially within the boundaries of
animals of the same species, are the same or close
in terms of a unit of live weight to the degree of 0.75
(LW°75), which may be determined by the features
of the form body, as well as participation in the heat
transfer of the lungs. Based on this, it is customary
to call LW°7% the exchangeable or metabolic body
weight. The need for energy for the basic (starvation)
metabolism of any living organism without the costs
of receiving and processing food can be considered
a primary need for energy.

It was established that, on average, for all species
of animals, the basic metabolism is about 70 kcal or
293 kJ per 1 kg of LW°75. The basic metabolism in heif-
ers and castrated bulls is 15% higher and amounts to
335 kJ, and in cows and non-castrated bulls it is about
400 kJ per 1 kg of LW°75 [12].

The net needs for the increase in live weight repre-
sent the energy content in the daily increase. The energy
content of 1 kg of gain depends mainly on the live weight
of animals, with a much smaller influence of the level
of this gain.

The calculation of energy deposition in the daily gain
of castrate bulls was determined by the equation:

NEFD = LWG (4.1 + 0.0332LW — 0.000009LW?)
(1-0.1475LWG) ’
where NEFD — net energy of fat deposition (gain), MJ/day;
LWG — live weight gain, kg per day;
LW — live weight, kg.

The energy content in the growth of heifers is 15%
higher, and in uncastrated bulls it is 15% lower than in
castrated bulls.

According to the given method, based on the live
weight of cows and young animals, the expenses for
basic metabolism (net maintenance energy) were de-
termined per decade, and the net energy of growth was
determined once a month. Data for the entire period of
suctioning were calculated by summing up the monthly
results. In the section of 3 lactations, the correlations
between the energy of the basic metabolism of cows
and offspring were calculated.

The research results were processed statistically
according to Plokhinsky [10].

bionozis meapuH, 2023, 1. 25, N@1
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Results and Discussion

Long-term studies of the reproductive capacity of the
Gray Ukrainian breed of cattle of the experimental farm
“Polyvanivka” (over 40 years) testify to the consolidation
of this population, and the coefficient of variation of indi-
vidual traits confirms the possibility of effective selection
and breeding work in the herd.

Each calving took place in good sanitary conditions.
During the first 2-3 months, a newborn heifer (future
cow) received at least 500 liters of milk, and from the
age of one week it was given enough hay and concen-
trated fodders. Special attention was paid to puberty and
fertilization, which are influenced by the environment,
stresses, microclimate, feeding, drinking, diseases —
controlled management (planning and regulation) of ap-
petite, service and intercalving periods in each lactation
was established.

It was established (table 1) that with an increase in the
number of lactations, the duration of the service period
decreases, which contributes to a more complete man-
ifestation of the genetic potential, reproductive function
of the brood stock and an increase in the coefficient of
variability.

The increased duration of the service period (lim
29-161 days), and, therefore, the intercalving period
in 2021 in cows of different ages of 1-3 lactations (lim
312—-443 days), convinces of the need to inseminate
them as soon as possible after calving. This will in-
crease the rate of utilization of the genetic potential
of the reproductive capacity of the population and en-
sure the stable development of the gene pool for its
further use in selection work.

With an increase in the number of lactations, the coef-
ficient of small foetus also decreases, that is, calves are
born with a live weight close to the standard of the breed.
Obviously, the age of the cows contributes to the invo-
lution of the reproductive organs for the development
of the fetus according to the breed standard.

The condition of cows (fatness) in general char-
acterizes the health state in animals and their energy
status. For cows in the last month of pregnancy, it is
desirable that it should be at the level of 3.5—4.0 points.
During the experiment, it was established that 5-10 days
before calving, the condition of cows (n=16) was
2.6110.102 points (Cv=15.6%), 30-35 days after calv-
ing — 2.30%0.164 points (Cv=16%), and on the 70-80"
day of the suckling period — 2.23+0.096 points (P>0.95;
Cv=14.8%).

The energy of cows to some extent determines not
only their viability, but also creates prerequisites for the
energy formation in the offspring (table 2).

The energy to support the vital activity of suckling
cows increased dynamically with the next calving as
their live weight increased (continued growth of the
firstborns). So, compared to the first lactation, it was
7.7% more in the second, and 11.4% in the third. At the
same time, with an increase in the number of lactations
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Table 1. Reproductive capacity of cows

Lac- Biometric data

tation X+Sx 0+SX lim Cv+Sx
Service-period, days

[ 155.4£8.26  113.6+5.84 36-161 73.1£3.76

Il 130.5£9.34  123.6+6.61 33-142 94.7+5.06

I 91.3+£7.47 124.1+6.69 29-102 95.6+5.44

Intercalary period, days

| 438.6+8.26  113.8+5.83 388-443 25.9+1.32

Il 412.319.38  124.846.63 359-417 30.2+1.60

1] 354.1+8.73  129.116.74 312-361 31.4+1.68

Coefficient of small fertility, unit

[ 5.4+0.04 0.56+0.029 3.8-7.7 10.4+0.53

Il 4.9+0.04 0.55+0.031 34-74 11.2+0.64

1] 5.0+0.04 0.55+0.032 3.5-7.3 10.9+0.49

Table 2. Energy of cows and newborn calves, MJ/day
Lac- Biometric data
tation X£Sx 0£Sx Lim Cv+Sx
Net energy to support vital activity of cows, MJ/day

| 40.3+0.14  2.00+0.102  34.7-54.7 4.9+0.25

Il 43.4+0.19  2.49+0.140 37.1-57.7 5.7+0.32

Il 44.9+0.22  2.51+0.144  39.4-59.1 5.8+0.34

Net energy to support vital activity of newborn calves, MJ

| 4.5+0.03 0.53+0.027 3.0-5.4 11.7+0.60

Il 4.6+0.02 0.27+0.014 3.6-5.2 13.8+0.30

1 4.5+0.03 0.31+0.019 3.5-5.1 12.4+0.41

Table 3. Net energy of growth of calves

Lac- Biometric data

tation X+Sx 0£Sx lim Cv+Sx

Net energy to support vital activity of calves at weaning, MJ/day

[ 19.3+0.08 1.1710.062 14,5-22,7 6.0+0.31

Il 19.40.11 1.30£0.076 14,0-22,6 6.7+0.31

Il 19.6+0.17 1.36+0.081 14,2-21,9 6.6+0.42

Net energy of growth of calves during the suckling period
(240 days), MJ

| 3779.8+26.6 352.31+21.287 2325-4825 9.3+0.56
Il 3789.8432.45 386.70+23811 2400-4875 10.2+0.62
1] 3805.3+33.12 39142421639 24214816 10.9+0.74

of cows, there was no increase in the net energy of life
support in newborn calves, which indicates that their
live weight is balanced regardless of the age of the
cows, and that the parents’ low fertility is consolidated.
In this regard, in order to preserve the gene pool of the
Gray Ukrainian breed, it is advisable to select young
animals for further use, one-third from cows of each
of the first three lactations. Data on the net energy of
calf support are presented in table 3.

In general, the energy of the mother has a positive
effect not only on the development of the fetus, but also
on the further life of newborn calves during the weaning
period, on their growth energy. However, the net energy
of progeny maintenance during the suckling period
practically did not depend on the age of the cows during
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the first three lactations (r = —0.05...+0.13), which is ob-
viously related to the optimal conditions of feeding and
maintenance during the period of the mothers’ body and
the standard for breeds with calf weight at birth. There
is a slight correlation of net energy expenditure for the
maintenance of vital activity of young animals at birth
and at weaning (r=0.185).

Correlation analysis shows that the relationship be-
tween the live weight of cows, the net energy of their

body and the net energy of maintaining the organism
with the growth intensity of offspring in the embryonic
and post-embryonic periods and their net energy is weak,
and in the connection of the reproductive function with
the energy of the offspring, it is even negative.

At the same time, according to most indicators, there
is a certain tendency to improve relations with the age
(lactation) of cows. This regularity can be used in further
selection and breeding work with the population.

Table 4. Correlation between the net energy of maintaining cows and calves and reproductive functions of cows (n=134)

Lactations
Correlation relationship
1 2 3
ES — net energy of support, — service-period 0.07+0.086 0.13+0.092* —0.07+0.099
NE of cow — ICP 0.07+0.086 0.13+0.092* —0.07+0.099
Service-period — NE growth of the calf during the suckling period —0.0310.086 0.14+0,092* 0.02+0.099
ICP — NE growth of the calf during the suckling period —0.03+0.086 0.14+0.092* 0.02+0.099
Service-period — NES at the birth of the calf —0.0310.086 —0.05+0.094 0.04+0.099
ICP — NES at the birth of the calf —0.03+0.086 —0.05+0.094 0.04+0.099
Service-period — NES when the calf is weaned —0.0410.086 0.13+£0.092* 0.03+0.099
ICP — NES when the calf is weaned —0.04+0.086 0.13+0.092 0.03+0.099

Note. LM — live mass, NE — net energy of the body, NES — net energy of support, SP — service-period, ICP — inter calvings period; * — P<0.2.

Conclusions

1. Long-term research into the reproductive capacity
of Gray Ukrainian cattle at the “Polyvanivka” research
farm shows the consolidation of animals of this popula-
tion and the possibility of effective selection and breeding
work in the herd.

2. A decrease in the duration of the service period
with an increase in the number of calving cows implies
impregnation of most cows in the first heat.

3. There is a weak correlation between the repro-
ductive function of cows and the intensity of offspring
growth with some tendency to improve with the age
(lactation) of their mothers.
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EHepreTu4yHmn piBeHb NPoAYKTUBHOCTI KOPIB Cipoi yKpaiHCbKOI nopoau Ta iXHi penpoayKTUBHI AKOCTI

B. C. Kosup’, O. B. feHuctok’, I I. imus’, A. H. Malicmpenko’, O. C. lpabosckka?
v16kh91@gmail.com

'NepxaBHa yctaHoBa «IHCTUTYT 3epHOBUX KynsTyp HAAHY,

Byn. Bonogumupa BepHaacbkoro, 14, m. OHinpo, 49009, YkpaiHa
2|ncTuTyT Gionorii TBAapMH HAAH,

Byn. B. Ctyca, 38, m. JlbBiB, 79070, YkpaiHa

Ha kopoBax cipoi ykpaiHCbkoi mopoau y 1-3-11 nakTauii BUBYanu BiaTBOPHOBarbHi 30aTHOCTI TBAPWH | PO3BMTOK MOMOAHSIKY BNPOAOBX
niacvcHoro nepiody. [nsi oUiHIOBaHHS KOPIB | MONOAHSIKY, KpiM TPaauLIiMHMX 03HaK, BBEMMW NMOKa3HWMKW YACTOI eHepril NiATPUMKX Tina i YucToi
eHeprii NPUPOCTY SIK IHTErPOBaHNX NOKa3HMKIB CTaHy OpraHi3my, siki GinbLue 3anexarb Bif, MOXOMKEHHS, HiX Big YMOB yTpUMaHHsi. BctaHoB-
NeHo, WO AoCHiAKyBaHe NOroniB’s TBAPWH Cipoi YKpaiHCbKOT MOPOAN B EKOMOTYHMX | KOPMOBMX YMOBAX CTEMOBOI 30HM YKpaiHu NposiBnsie
BiAMiHHI MaTepPUHCBKi iIHCTUHKTYW, BIATBOPHY QOYHKLIiIO i APIBHONMIAHICTL, HE HIDKYY Bid CTaHAAPTY MOPOAW, MPaKTUYHO PIBHO3HAYHY pO3-
noginy npunmogy 3a craTeBolo 03HaKo: Buxig TensaTt Ha 100 kopis ctaHoBUTE 97-98%, Maca Tina TensT Npu HapomkeHHi — 25-26 kr
(Tenunukn) i 27—28 kr (GyraviLi); @ TakoX BUCOKY MOFOYHICTb: Maca Tina MOMNOAHSKY Npy Biay4YeHHi y 8-micayHomy Bili ctaHoBuTb 200 Kr
ansa Tenuub | 230 kr ansa 6yraiuis, cepeic-nepioa kopis 3a 1-3-t0 nakrauii — 155-91 gHis, mixoTenbHoro nepiogy — 433-371 AeHs;
koediuieHT apibHonnigHocTi — 0,54—0,49, uncta eHepris NATPUMKN XUTTeRisNbHOCTI kopiB — 40—45 M, HOBOHAPOMKEHNX TENAT —
4,5-4,6 Mk, umcTta eHeprisi IPUPOCTY MOMNOAHSKY 3a BianyyeHHs Big MaTtepie — 19-20 M i 3a Becb nepiog, nigcocy — 3800—4900 MOx.
Y po3pisi nakTaLin BCTAHOBNEHO KOPENALMHI 3aneXHOCTi MK YNCTOK eHeprieto NiATPUMKM KOPIB i iXHLOro npunnogy, Lo AaE MOXMBICTb
LiinecnpsimoBaHille npoBoaunTy Biabip i Niabip TBapyH ANs NoganbLIOro po3BeaeHHs Ta 36epeXxeHHs ctaga Liei nopoau.
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Modern methods of preserving honey bees focus on increas-
ing their viability, feeding level and productivity development during
different growth periods. There is a tendency to use new effective
remedies of natural origin. Their action mechanisms differ from
synthetic substances and drugs due to the activation of the body’s
protective reactions at the physiological level. The probiotic Lacto-
bacillus casei IMV B-7280 has an effective stimulating effect on
physiological processes in bees under various environmental and
experimental conditions. The physiological effect of this probiotic
is associated with normalizing of the intestinal bacterial microflora
and participation in modulating body’s protective reactions.
The resistance of honey bees also depends on mineral nutrition,
which affects metabolic processes at the tissue, organ and system
levels and determines the vitality and resistance of the organism.
Mineral elements are involved in protein, lipid, carbohydrate and
energy metabolism, they activate enzyme systems. Therefore,
the aim of the research was to determine the effect of the pro-
biotic L. casei B-7280 in combination with different doses of Ge
nanotechnological citrate (NTC) on the lipid composition and perox-
idation products content in bees’ tissues. Bees of the control group
were fed 60% sugar syrup (SS) in the amount of 1 cm?3/group/day.
The bees of the first experimental group (R1) were fed 1 cm? of
SS, 0.1 ug of Ge NTC and a solution of probiotic L. casei B-7280
(10¢© cells/cm3); the second experimental group (R2) received
0.2 ug of Ge citrate and probiotic L. casei B-7280 (108 cells/cm?).
The feeding duration was 34 days. It was established that feeding
sugar syrup, L. casei and different doses of Ge citrate increased
the content of phospholipids, mono- and diacylglycerols in the R2
group, cholesterol esterification in the R1 group, and decreased
free cholesterol, non-esterified fatty acids compared to the K group
and P period. The results indicate a dose-dependent effect of Ge
NTC on lipid metabolism in body tissue homogenates. There was
an increase in the triacylglycerols level in the lipids in all groups
during the experimental period. The biological effect of nano-
technological Ge citrate and L. casei cause a decrease of lipid
peroxidation processes in bees of the experimental groups.

Key words: bees, Ge citrate, probiotic, lipids, peroxida-
tion products
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Introduction

In addition to beekeeping products, the honeybee
(Apis mellifera) plays an essential role in preserving bio-
diversity, ecosystem stability, and agricultural production
by pollinating entomophilous plants, which increases
its yield. In recent decades, the honeybee population’s
significant losses have threatened the ecosystem and
the country’s food security. Under these conditions,
researchers and beekeepers pay special attention to
factors that worsen the body’s resistance, the func-
tional state of its systems, and the productivity of bees.
Therefore, the scientific support of modern beekeeping
is aimed at obtaining safe ecological products, develop-
ing means and methods for stimulating reproduction,
increasing the resistance of bees to various pathogens,
and protecting them from adverse environmental condi-
tions [21]. It has been shown that the influence of abiotic,
biotic origin, and anthropogenic activity disrupts physio-
logical processes in the body of A. mellifera, suppressing
the antioxidant and immune systems, which leads to
the death of entire colonies [1, 19, 29].

Therefore, today, an extremely urgent task is to find
new means and BARSs for activating the protective sys-
tems of the honeybee and to find out the mechanisms of
their beneficial effects. The honeybee’s defense respons-
es include cellular and humoral responses that combine
interconnected systems, including antibacterial peptides,
hemagglutinins, phenoloxidase, and antioxidant systems
(AOS). Under normal conditions, there is a balance be-
tween the generation of reactive oxygen species (ROS)
and antioxidant processes. Oxidative stress occurs when
the dynamic balance between the formation of ROS ex-
ceeds the ability of antioxidant protection to remove the
toxic substances formed. Many studies have linked oxi-
dative stress to stressors affecting honeybee health and
colony productivity. Low temperature, high flight activity,
pathogenic microorganisms in hives, and pesticides used
to control pests on various crops disrupt the oxidative
homeostasis of honeybees [25, 27].

Deterioration of the forage base or its sudden change
is one factor that negatively affects the health of bees
and the development of colonies and can cause their
death [14, 33]. A deficiency of feed or a slight violation
of the component composition can weaken the AOS,
detoxification, and immune systems of bees, resulting
in their body becoming more vulnerable to chemical plant
protection drugs and diseases of various etiologies.

These factors contribute to the excessive generation
of ROS in the body of bees, which leads to the develop-
ment of oxidative stress [17]. Reactive oxygen species
can react with polyunsaturated fatty acids of lipid mem-
branes and induce lipid peroxidation (LPO), affecting cell
membranes’ physiological function. The final product
of these reactions is malondialdehyde (MDA), a marker of
LPO and, as a result, the oxidative stress. Therefore,
there is a trend of active study of new effective means
of natural origin to fight diseases and improve honey
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bees’ health, which helps to avoid many side effects.
It has been proven that the mechanisms of their ac-
tion differ from synthetic substances and drugs due to
the activation of the body’s protective reactions at the
physiological level [9, 11, 32].

Research on the physiological justification of the use
of probiotics, the antibacterial and antifungal properties
of which are due to high antagonistic activity against
a wide range of pathogenic and conditionally pathogenic
microorganisms, and the possibility of their synergistic
combination with microelements, deserve special atten-
tion in the system of prevention of bee diseases [21, 24].

It is known that a well-balanced structure of the intes-
tinal bacterial microflora of honey bees is the basis for
their physiological growth, development, reproduction,
strengthening of the immune response, and resistance
to the action of pathogens [4, 21].

The probiotic Lactobacillus casei IMV B-7280 is char-
acterized by an excellent therapeutic effect in various
experimental infectious-inflammatory models [8, 23, 24].
The physiological effect of this probiotic is associated with
the normalization of the intestinal bacterial microflora and
participation in the modulation of inflammatory reactions.
In the gastrointestinal tract, probiotics exert both a direct
effect on pathogenic and conditionally pathogenic micro-
organisms and an indirect effect by activating specific and
nonspecific protective systems of the body [8, 21].

It is known that the vital activity of the organism of
honey bees also depends on mineral nutrition, which af-
fects metabolic processes at the level of tissues, organs,
and systems and affects the vitality and resistance of
the organism [7, 22]. They participate in protein, lipid,
carbohydrate, and mineral metabolism, activate enzyme
systems, etc. Literary data indicate the possibility of using
biotic trace elements produced by nanotechnology
as highly active compounds in animal husbandry and
veterinary medicine [3, 7, 20].

Adding some elements to bee feed, as metabolic
stimulators of organic and inorganic origin, introduced in
different doses, affects the correction of physiological and
biochemical processes and increases their productivity
and resistance [11, 20, 36]. Such mineral components
include Co, Ge, Se, Cr, Ni, and others. The results of
previous studies of the Institute of Animal Biology NAAS
using citrates of certain microelements and probiotics
[21, 31] provide a theoretical basis for developing new
nano- and biotechnological means and drugs to increase
the resistance and reproduction of bees. The effect
of various amounts of mineral and organic compounds
obtained based on nanotechnological citrates on the
metabolic processes of the bees’ bodies was clarified.
Several works were published based on the research
results [7, 9, 19, 20]. It has been established that adding
nanocarboxylates of biotic elements is more effective than
their mineral salts in bee feeding [21]. However, the bio-
logical effect of the newly synthesized nanotechnological
mineral element Ge in combination with probiotic prepara-
tions of the L. casei B-7280 class has not been studied.
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In connection with the purpose mentioned above of
the research, we determined the effect of the probiotic
drug Lastobasillus casei IMV B-7280 in combination with
different doses of germanium citrate on the lipid compo-
sition and the content of lipid peroxidation products in
the bees body.

Materials and Methods

Conducting the research

The research was conducted on the Carpathian
breed honey bees, selected from the laboratory apiary
of the Institute of Animal Biology NAAS. The research
used the lyophilized probiotic strain Lactobacillus casei
IMV B-7280, which was isolated in the department of
problems of interferon and immunomodulators from the
associated culture of biological material and deposited
in the Ukrainian Collection of Microorganisms of the
Zabolotny Institute of Microbiology and Virology NAS of
Ukraine. The research was carried out under the condi-
tions of a laboratory thermostat on three bee colonies,
similar in weight, colony strength, and queen age. From
this, 50-60 bees were selected and formed into three
groups. Bees of the control and experimental groups
were kept in cages-containers with a volume of 4 dm? in
similar conditions of a TC-80M-3 laboratory thermostat
with microventilation at a temperature of 30° C and hu-
midity of 74—76% during the study.

Bees of the control (C) group were fed 60% sugar
syrup (SS) in 1 cm®/group/day. Experimental 1 group
of bees (R1) in addition to 1 cm?® of sugar syrup re-
ceived 0.1 ug of Ge in the form of nanotechnological
citrate (NTC) [18] and a solution of the probiotic L. casei
B-7280 at a concentration of 108 cells/cm?3; experimental
group 2 of bees (R2) additionally received 0.2 ug of Ge
in the form of citrate and the probiotic L. casei B-7280
at a concentration of 10° cells/cm3.

The duration of drinking SS, Ge citrate, and probiotic
is 34 days. In the preparatory period (P), as well as on
the 34" day of the experimental period, live bees were
selected from the control and experimental groups for
physiological and biochemical studies to determine the
content of total lipids and the ratio of their classes and
products of lipid peroxidation in tissue homogenates
of the entire organism.

Obtaining total lipids

Homogenized tissue (1 g) was extracted with 20 cm?
of a mixture of chloroform-methanol in a ratio of 2 : 1 (v/v)
according to the Folch method [13]. A solution of 4 cm?
of an aqueous solution of 0.74% KCI was added to each
sample of lipid extract. After 24 h, the upper phase con-
taining hydrophobic peptides was removed with a water
pump, and the lower phase containing lipids was filtered
(deashed filter, blue ribbon). Lipid extracts were evap-
orated to dryness, weighed on an analytical balance,
and calculated in mg/g.
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Separation of lipids into classes

Separation of lipids into classes was carried out by the
method of thin-layer chromatography on silica gel (silica
gel L 5/40y, LSL 5/40u, Chemapol, Czech Repubilic), the
mobile phase was hexane-diethyl ether-glacial acetic acid
in a ratio of 70 : 30 : 1 (v/v/v). Lipid classes were shown
in crystalline iodine vapors. Rf values identified lipids.
Quantitative analysis and calculation of the content of
individual classes of lipids were performed by computer
processing of phorograms using TotalLab TL 120 soft-
ware (Nonlinear Dynamics Limited, UK) and expressed
as a percentage of the total amount.

Determination of lipid peroxidation products

To prepare a homogenate of tissues of the entire body
of honey bees of the control and experimental groups,
they were ground and formed into three parallel samples.
A group of bees weighing 0.5 g was homogenized with
physiological saline in a ratio of 1 : 5 using a homogeniz-
er (Homogenizer Type 302, Poland) on ice. The samples
were centrifuged at 3000 g for 5 minutes. The supernatant
was used to measure the content of lipid peroxidation prod-
ucts further [35] in bee tissues on the 34" day of SS,
Ge citrate, and probiotic use.

Determination of TBA reactive substances (MDA)
The basis of the method is the reaction between MDA
and thiobarbituric acid (TBA), which at high temperatures
and in an acidic environment forms a trimethine complex
containing one MDA molecule and two TBA molecules.
5 cm? of 20% phosphotungstic acid was added to 0.5 cm?
of the prepared homogenate. The tubes were closed,
mixed, and left in the cold for 15 min, then centrifuged at
t 4 C for 15 min at 2500 rpm. The supematant liquid was
drained, and 2 cm? of H,O and 1 cm? of 0.8% TBA were
added to the precipitate, mixed, covered, and incubated for
1 hin a heated bath at 100°C, then cooled in running water
and centrifuged for 10 min at 6000 rpm. In the centrifuge,
the optical density was measured on a spectrophotometer
at 535 and 580 nm to prevent the absorption of stained
complexes by TBA substances of non-lipid origin.

Determination of lipid hydroperoxide content

The precipitation of proteins determines lipid hydro-
peroxides’ content in biological material with a solution of
trichloroacetic acid and extraction of lipids with ethanol,
followed by the interaction of the studied extracts with
ammonium thiocyanate. 2.8 cm? of ethanol and 0.05 cm?®
of a 50% TChA solution were added to 0.2 cm?® of the
homogenate. The test tube was closed and shaken for
5-6 min. The resulting protein precipitate was isolated by
centrifugation for 10 min at 3000 rpm. 1.5 cm? of the etha-
nol extract was taken and brought up to 2.7 cm? with eth-
anol, shaken, and 0.02 cm?® of conc. HCI and 0.03 cm?® of
a 1% solution of Mohr’s salt in a 3% solution of HCI. It was
shaken, and after 30 s, 0.2 cm?® of 20% ammonium thiocy-
anate was added. The optical density was measured for
10 min after adding ammonium thiocyanate on a spectro-
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photometer at a wavelength 480 nm. The control sample
was placed as a test sample, but 0.2 cm? of bidistilled
water was taken instead of the homogenate.

No vertebrate animals were used in the experiments.

Statistical analysis

All obtained digital data were processed using the Sta-
tistica computer program using the method of variational
statistics and the Excel program from the Microsoft Office
2007 and 2010 service packages. Differences between
groups were considered statistically significant at P<0.05.

Results and Discussion

The analysis of the obtained research results indi-
cates that the content of total lipids and the relative ra-
tio of lipid classes in homogenates of body tissues of
bees of the experimental groups changed compared
to both the control group and the preparatory period
(fig. 1, table).

An increase in the content of total lipids in the R1 and
R2 groups was found, respectively, by 11.14% (P<0.05)
and 7.65% (P<0.05) compared to the preparatory peri-
od (fig. 1). A significant increase in total lipids may indi-
cate the stimulating effect of applied doses of Ge citrate
and L. casei B-7280 on their exchange and synthesis
in the tissues of honey bees. However, the absence
of potential differences in the content of total lipids may
indicate a minor effect of Ge in the form of citrate and
the pH of the probiotic L. casei B-7280 on the synthesis
and deposition of lipids in the body of bees.

It has been proven that the central mass of lipids in the
body of bees comes from the alimentary canal and is de-
posited in the fat body. The chemical composition of these
reserve fats depends on both the feed’s composition and
the body’s physiological state [6].

Our research revealed changes in the ratio of lip-
id classes in bees’ body tissues. In particular, such
changes concern phospholipids, mono- and diacylglyc-
erol (MDAG), free cholesterol, non-esterified fatty acids
(NEFA), triacylglycerol, and esterified cholesterol (table).
Phospholipids make up 24-28% of the total amount of
lipids and predominate in the bees’ body tissues in the
control and experimental groups. In bees’ body tissues
homogenates of R1 and R2 groups, an increase in the
phospholipids relative content compared to bees of the
preparatory period and the control group was estab-
lished by 16.79% and 17.08% (P<0.05) and 15.73%
and 16.02% (P<0.05), respectively.

This class of lipids may be more synthesized in the
body of bees under the action of NTC Ge and L. ca-
sei to enhance the functions of lipid membranes. It is
known that the fatty acid composition of phospholipids
of cell membranes is the main factor affecting the inten-
sity of the transition of fatty acid nutritional components,
through their active and passive transport, into bee tis-
sues. In turn, the functioning of their nervous, immune,
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Table. Fractional composition of total lipids
in bee body, % (M+SE, n=5)

Groups
Lipid cl
ipid classes P K R1 R2
- 2412+ 24.34+ 28.17+ 28.24+
PITEEINEITIERE +0.74 038  +051*  +057*
Mono- and 16.84+ 15.76+ 15.45+ 19.69+
triacylglycerols 0,74 +0.49 +0.61 +1.01#
16.44+ 16.64+ 11.77x 11.55+
Free cholesterol +0.27 +0.50 +0.62°* +0 437
Non-esterified 16.14+ 14.56+ 11.33+ 11.27+
fatty acids +0.60 +0.57 +0.38# +0.82#
. 13.98+ 16.46+ 14.33% 15.89+
TEGEIEIRE | ey +053  +037¢  +0.37°
Esterified 12.49+ 12.24+ 18.95+ 13.36+
cholesterol +0.86 +0.57 +0.55* +0.87

Note. In the table and the fig. 1: *— P<0.05, ** — P<0.01, *** — P<0.001:
significant differences between the preparatory and experimental
periods by groups. # — P<0.05, # — P<0.01, #* — P<0.001:
significant differences between control and experimental groups.

and reproductive systems and the oxidation process
depends on the content of phospholipids and their fatty
acid composition in bee tissues.

It should be noted that membrane phospholipids
are necessary to stabilize the aggregation and confor-
mation of individual components in enzymatic protein
complexes and create a hydrophobic environment to
form a continuous structure with all the properties in-
herent to them [16].

An increase in the MDAG fraction in the R2 group
by 16.92% (P<0.05) concerning the preparatory period
and by 24.94% (P<0.01) in the control group was also
established. It is known that the lipid transport system is
a feature of fat metabolism in bees. The main feed lipids
in the body of bees are transformed into diacylglycerols,
performing, like glucose, the function of energy supply.
Therefore, the increase in the level of MDA in the tissues
of the body of bees of the R2 group may indicate a more
intensive energy supply of their tissues due to the addi-
tion of 0.2 ug of Ge in the form of citrate and the pH pro-
biotic L. casei B-7280 at a concentration of 10¢ cell/cm?
to the sugar syrup.
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Fig. 1. Content of total lipids in homogenates of bee body tissues
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The content of free cholesterol decreased in bees
of R1 and R2 groups by 28.41% (P<0.05) and 29.74%
(P<0.001) concerning the preparatory period and by
29.27% (P<0.05) and 30.59% (P<0.001) relative to the
control group. The supply of Ge citrate in the body of
bees contributes to the reduction of free cholesterol by
increasing its use in metabolic reactions. Perhaps cho-
lesterol is used to synthesize vitellogenin in the choles-
terol-hydroxyecdysone-Vg pathway in trophocytes and
enocytes of worker bees [12, 26].

Adecrease in the content of NEFAin bees of R1 and R2
groups was established by 29.80% and 30.17% (P<0.05)
concerning the preparatory period and by 22.18% and
22.60% (P<0.05) relative to the control group. The ob-
tained data on the content of non-esterified fatty acids in
the lipids of the tissues of bees of the experimental groups
indicate the activation of lipolysis processes in the body
of bees of these groups since a significant decrease in
the relative content of non-esterified fatty acids, as pre-
cursors of lipid synthesis, was established compared
to the control. It is known that lipolysis is physiologically
reduced to maintaining the homeostatic concentrations of
individual lipid components necessary for aerobic cellular
respiration and the formation of PUFA to compensate
for the energy needs of tissues in bees [31].

The content of esterified cholesterol increased only in
R1 group by 51.72% (P<0.05) during the preparatory pe-
riod and by 54.82% (P<0.05) following the control group.
The increase in the content of cholesterol ethers in the
tissues of bees in the first research group may indicate
a higher antilipolytic activity of enzymes that regulate the
process of its esterification under the action of SS and
0.1 ug of Ge citrate and the pH of the probiotic L. casei
B-7280 at a concentration of 10° cell/lcm?® and no such
effect at a higher dose of Ge citrate.

An increase in the content of triacylglycerols in the R2
group by 15.89% (P<0.05) concerning the preparatory
period and a decrease by 12.94% (P<0.05) compared
to the control group was established. This indicates the
optimizing effect of complex feeding of bees with SS and
a dose of 0.2 ug of Ge citrate and pH probiotic L. casei

T
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0.8
E
3 0.7
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Fig. 2. Content of TBARS in homogenates of bee body tissues

B-7280 at a 10° cell/lcm?® concentration and the absence
of such an effect with a Ge citrate lower dose.

It is known that active forms of oxygen are formed due
to aerobic respiration and oxidation of substrates. In body
cells exposed to various stresses, the production of reac-
tive oxygen species increases, which directly affect en-
zymes and damage cells [34]. At the same time, an anal-
ysis of the literature shows that Germanium promotes the
removal of toxins from the body and neutralizes the neg-
ative impact of environmental factors, has a wide range
of biological effects, which confirm our results [10], and
prevents aging and cell death. This element is essential
in forming the body’s resistance and can restore and
prevent many diseases [10].

Malondialdehyde is one of the end products of the per-
oxidation of polyunsaturated fatty acids in cells. An increase
in the content of free radicals causes excessive production
of MDA. The malondialdehyde level is a marker of oxi-
dative stress and the body’s antioxidant status [30].

Excessive activation of LPO processes with reduced
activity of the body’s antioxidant system can lead to
significant pathological changes, primarily accompa-
nied by damage to subcellular and cellular membranes.
LPO products cause disruption of not only lipid bonds
in biomembranes and their protein component — due
to binding with amine groups, which leads to disruption
of protein-lipid interaction. Free radical oxidation of lipids
causes changes in fiber elasticity and initiates fibroplastic
processes and collagen aging [2, 15].

As a result of the conducted studies, it was estab-
lished that in the homogenates of bee body tissues,
the concentration of lipid hydroperoxides in the R2 ex-
perimental group decreased by 16.67% (P<0.05) and
TBARS by 41.85% (P<0.001) compared to the control
group (fig. 2, 3).

These results indicate the antioxidant effect of Ge ci-
trate in the body of bees in the applied doses, which was
accompanied by a decrease in the content of TBARS
(MDA) and lipid hydroperoxides in homogenates of bee
body tissues of all experimental groups, which is consis-
tent with the data of other authors [5, 9, 28].
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Fig. 3. Content of lipid hydroperoxides in homogenates of bee body tissues

Note. In these figures: * — P<0.05, ** — P<0.01, *** — P<0.001 — significant differences between the control and experimental periods by groups.
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Conclusions

Supplementation of bees with NTC Ge at a dose of
0.1 and 0.2 pg/ml sugar syrup and 108 cell/cm? sugar
syrup of L. casei was characterized by differences
in the distribution of individual classes of lipids in
homogenates of body tissues with a higher relative
content of phospholipids, mono- and diacylglycerols
(only in R2 group), of esterified cholesterol (R1), but
a decrease in free cholesterol, NEFA compared to the
control group and the experimental period, which in-
dicates a dose-dependent effect of NTC Ge on lipid
metabolism. An increase in the level of triacylglycerols
in the lipids of bee tissues of all groups during the ex-
perimental period was noted.

The biological effect of nanotechnological Ge citrate
and L. casei led to a decrease in the lipid peroxidation
processes (lipid hydroperoxides, TBARS) in the body
tissues of the bees of the experimental groups com-
pared to the control group under the action of a higher
dose of Ge citrate.
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NMinigHun cknag Ta NPOAYKTU NepPeKUCHOro OKUCHEeHHSA TKaHUH opraHiamy 64kin
3a BNJMBY Pi3HUX 003 HaHOTexHornoriyHoro uutpaTty Ge Ta npo6ioTtuka Lactobacillus casei B-7280
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"IHcTuTyT Gionorii TBAapuH HAAH,

Byn. B. Ctyca, 38, M. JlbBiB, 79034, YkpaiHa

2lncTuTyT Mikpobionorii i Bipyconorii imeHi [1. K. 3a6onotHoro HAH Ykpaihu,

Byn. Akagemika 3abonotHoro, Kuig, 03143, YkpaiHa

3[IbBIBCbKMIA HaLiOHaNbHUIA YHIBEPCUTET BETEPUHAPHOT MeanLmHK Ta GioTexHonoril imeHi C.3. IX1LBKOrO,
Byn. MNekapcbka 50, m. JbBiB, 79010, YkpaiHa

3acTocyBaHHS cyvacHux 3acobiB 36epekeHHs MegoHOCHMX BN CnpsiMOBaHe Ha NiABULLEHHS IX XKUTTE3AATHOCTI, PIBHS XXUBIEHHSI
Ta NPOAYKTMBHOCTI Yy pi3Hi nepioan po3suTKy. Big3HaueHo TeHAeHLUio 4O BUKOPUCTaHHSA HOBUX epeKTUBHUX 3acobiB HaTypanbHOro
MOXOMPKEHHS!, MEXaHI3MK Aji SKUX BiApIi3HATHCA Bif CUHTETUYHMX PEHOBWH | NpenapartiB 3a paxyHOK akTUBaLlii 3aX1CHUX peakLiin opraHiamy
Ha cpisionoriyHomy pisHi. MpobioTuk Lactobacillus casei IMV B-7280 mae ecbekTBHY CTUMYTOBasibHy Aito Ha dpidionorivHi npoLieck 3a pisHnx
€KOMOriYHNX Ta EKCNEPUMEHTANBHUX YMOB XUTTeAIANbHOCTI 6opxin. disionoriyHnin BNnmB Lboro npobioTuka NoB’si3aHuii 3 Hopmarisawieto
KMLLKOBOI BakTepianbHOi Mikpodhriopu Ta y4acTio B MOZyNsLii 3aXUCHUX peakuiin opraHiamy. OnipHICTe MEAOHOCHMX OKIN TakoX 3anexuTb
Bi MiHEpanbHOro XMBMEHHS, LLO BMNMBa€e Ha 0OMiHHI NpOLLECK Ha PiBHI TKAHWH, OpPraHiB i CUCTEM Ta BU3HAYaE XUTTE3OATHICTb | pe3unc-
TEHTHICTb opraHiamy. MiHepanbHi enemeHTy 6epyTb y4acTb y 6inkoBomy, ninigHoMy, BYrreBOAHOMY Ta EHEPreTUYHOMY OOMiHaX, aKTUBYHOTb
depMeHTHi cuctemmn. ToMy MeToto AocnifkeHb 6yno BU3Ha4YeHHs BNuBY nNpobioTuyHoro npenaparty knacy L. casei B-7280 y noegHaHHi
3 pi3HMMK fo3amy HaHoTexHororivyHoro uuTtpaty (HTL) Ge Ha ninigHuiA cknag, Ta BMICT MNPOAYKTIB NMEPEKVCHOrO OKUCHEHHS Y TKaHMHax
opraHiamy 6ain. bmpkonu KoHTponLHOI rpynu oTpumyBsany nigrogiento 3 60% Lykposoro cupony (LIC) B kinbkocTi 1 mn/rpyny/no6y. MepLua
pocnigHa rpyna (E1) 6mpxin gopatkoso Ao 1 mn LykpoBoro cvpony oTpumysana 0,1 mkr Ge y BUrnsiAi HAHOTEXHOMOTYHOTO LMTpaTy Ta pos-
4mH npobioTuka L. casei B-7280 y koHueHTpauii 106 KYO/mn; gpyra gocnigHa (E2) — 0,2 mkr Ge y BUrmsaj umtpary Ta npobioTuk L. casei
B-7280 y koHueHTpauii 106 KYO/mn. TpusanicTb BMMNOKOBaHHS LiykpoBoro cupony, Ge uutparty Ta npobiotuka — 34 aHi. BctaHoBneHo, wo
nigroajisns 6mxin LykpoBuM cupornomM, L. casei 108 KYO/mn Ta pisHuMmn gosamu Ge umTpaTy XxapaktepuayBarnach BULLMM BiZHOCHM BMICTOM
docconinigis, MoHo- | Anaumnmmiueponis B E2 rpyni Ta eTepudikoBaHoro xonectepony — B E1, ane 3HWKeHHAM BinbHOMO xornecreporty,
HeeTepudiKOBAHNX XXMPHUX KMCNOT CTOCOBHO KOHTPOSBHOI rpynu i gocnigHoro nepiody. Lli peaynsraty BkadytoTb Ha 40303aMeXHUI BrnvB
HaHoTexHorori4YHoro umTpaty Ge Ha o6MiH ninigjB B roMmoreHaTax TKaHUH opraHiamy. BigzHauyeHo nigsuLLeHHs piBHA Tpyaumnrmileponis y ni-
nigax TkaHuH 6opkin BCix rpyn y gocnigHvn nepiod. bionorivHni Bnnve HaHOTEXHONOrYHOro umTpaty Ge i L. casei 3yMOBMIOBaB y TKAHUHAX
opraHiamy 64xin gocnigHux rpyn 3HWXKeHHs piBHs NpoLeciB nepokcuaadii ninigis 3a aii Buwoi nosm umtpaty Ge.

KntouoBi cnoBa: 6mpxonu, Ge umTpart, npobioTuk, NinianM, NpoayKT! NepPeknCcHOro OKUCHEHHS
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The purpose of the work was to investigate the fattening and
meat qualities in young pigs of the Large White breed of diverse
genealogical lines and interbreed differentiation according to
some integrated indicators and to calculate the economic efficien-
cy of the experimental results. The fattening and meat qualities
in young pigs were evaluated by the quantitative characteristics
such as average daily live weight gain during the control fattening
period (), the age of reaching 100 kg live weight (days), thickness
of lard at the level of 6—7 thoracic vertebrae (mm), length of the
chilled carcass (cm), length of the bacon half of the chilled half-
carcass (cm). Comprehensive evaluation of the animals in the
experimental groups was carried out according to the Tyler and
Wangen indices. Biometric processing of research results was
conducted according to the methods of V. P. Kovalenko et al.
(2010). The research was performed in agricultural formations
of the Dnipropetrovsk region, the Jazz meat processing plant, and
the animal husbandry laboratory of the Institute of Grain Crops
NAAS of Ukraine. It was established that in terms of fattening
and meat qualities, the young pigs of the genealogical lines
Tafftus C61203 UA 8819345 and Azuro UA 8800557 of the Large
White breed correspond to the elite class. Young pigs of the
genealogical line Tafftus C61203 UA 8819345 outperform peers
of the Azuro line UA 8800557 by 3.25% in the age of reaching
a live weight of 100 kg, in fat thickness at the level of 67 thoracic
vertebrae by 5.74%, in chilled carcass length by 0.93%. Animals
of the Azuro UA 8800557 line are characterized by a longer length
of the chilled carcass and the length of the bacon half of the chilled
carcass. The number of significant correlations between the fat-
tening and meat qualities of the Large White breed young pigs,
the Cl selection index, and the Tyler index is 80%. The maximum
increase in additional production was obtained from young pigs
of the genealogical line Tafftus C61203 UA 8819345 (+2.52%),
then | experimental group according to the Tyler index (+3.98%)
and the selection index Cl (+4.30%). The criteria for selecting
highly productive animals due to the Cl breeding index are 57.69—
78.57 points, and the Tyler index is 214.89-242.85 points. The
economic efficiency of the use of young pigs from the specified
groups provides additional production at the level of +3.98-4.30%.

Key words: young pigs, breed, fattening and meat qualities,
index, correlation, economic efficiency
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Introduction

Evaluation of young pigs for fattening and meat qualities
in agroformations of Ukraine is carried out following the re-
quirements of the current Instructions for growing pigs [8] and
“Methods for evaluating boars and sows according to the
quality of the offspring in the conditions of breeding farms and
breeders” [3]. However, the work experience of specialists
and the research of domestic scientists testify to the following:

— the use of foreign-bred animals has a positive effect
on improving the fattening and meat qualities of young pigs
under the conditions of using different breeding methods
[1, 2, 4-6, 15-18, 22];

— according to the requirements of the specified reg-
ulatory documents, the animals of the controlled herds
correspond to the elite class. How to carry out further se-
lection and breeding work to improve the main quantita-
tive traits, namely age of reaching a live weight of 100 kg
(days), fat thickness at the level of 6—7 thoracic vertebrae
(mm), length of the chilled carcass (cm).

Therefore, the issue of finding effective methods for
the comprehensive evaluation of the productive qualities
of pigs taking into account their origin and interbreed dif-
ferentiation according to some integrated indicators or
markers is relevant [23, 24].

Research by domestic scientists indicates that young
pigs obtained from a combination of cross-bred sows
(2 Large White breed of Hungarian origin x %2 Landrace)
with boars of the genotype (V2 Duroc x V2 Piétrain), as well
as cross-bred sows (Y2 Large White breed of Hungarian ori-
gin x ¥z Landrace) with boars of the Duroc breed of Ukrainian
selection [10]. They reach a live weight of 100 kg at the age
of 178 and 180 days (P<0.001) with average daily gains of
769 and 751 g and feed consumption of 3.42 (P<0.001) and
3.47 (P<0.001) unit for 1 kg of gain. The author reports that
the young pigs obtained from the combination of cross-bred
sows (%2 Large White breed of Hungarian origin x %2 Land-
race) with boars of the genotype (/2 Duroc x V2 Piétrain) ex-
ceeded the peers of the control group (Large White breed
of Hungarian origin) in terms of half-carcass length by 6 cm,
the thickness of the bacon by 1.33 mm, the area of the “mus-
cle eye” by 8.81 cm?. This group also had a high slaughter
yield 75.66%, while the control group had 73.07%. A greater
weight of the rear third of the half-carcass and meat yield
characterized animals of the specified genotypes.

Comprehensive studies conducted by O. O. Krasno-
shchok testify that the best fattening qualities are character-
ized by the young pigs of the combination of Great White
and Landrace, which proves the effectiveness for the first
hybridization stage; the effect of heterosis is 111.58% [13].
The author notes that the influence of combinations on aver-
age daily growth is 24.56% (P<0.05), and the intensity of for-
mation is 26.67 (P<0.05); according to precocity, respectively,
26.85 and 16.97% (P<0.05), according to feed consump-
tion — 25.10 and 23.74% (P<0.05). It was established that
the use of Landrace breeders and terminal boars improved
the meat quality of crossbred and hybrid pigs: the slaughter
yield increased by 2.6% (P<0.001); 1.6% (P<0.05); 3.2%
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(P<0.001), the area of the “muscle eye” — by 10.2 cm?
(P<0.001); 7.2 cm? (P<0.001); 13.9 cm? (P<0.001), the mass
of the bone — by 0.8 kg (P<0.01); 0.7 kg (P<0.05); 0.7 kg
(P<0.01), fat thickness decreased by 6.8 mm (P<0.001);
7.5 mm (P<0.01); 7.8 mm (P<0.001). The correlation be-
tween the genotypes of the LEP 2845 gene with high aver-
age daily gain, a younger age of reaching 100 kg live weight,
and lower feed consumption during fattening was revealed.

The works of scientists [21, 20, 14, 19, 7] testify to the
effectiveness of using pigs of foreign origin and methods of
index selection. The work aims to investigate the fattening
and meat qualities of young pigs of the Large White breed
of different genealogical lines and interbreed differentiation
according to some integrated indicators, as well as to cal-
culate the economic efficiency of the experimental results.

Materials and Methods

The experimental part of the work was carried out
at the “Druzhba-Kaznacheivka” dairy farm of the Dnipro-
petrovsk region, the “Jazz” meat processing plant, and
the animal husbandry laboratory of the Institute of Grain
Crops NAAS. The object of research was young pigs
of the Large White breed of genealogical lines Tafftus
C61203 UA 8819345 and Azuro UA 8800557.

Control fattening of young pigs of the Large White
breed was carried out following the requirements of the
“Methods for evaluating boars and sows according to
the quality of the offspring in the conditions of breeding
farms and breeding breeders” [3].

Selection indexes of Cl (1) and Tyler (2) and the val-
ue of additional products (3) were calculated according
to the following formulas:

Cl=0.18 x X; — 4.46 x X, (1),

where Cl| — selection index, points;
X; — an average daily gain of live weight during
the period of control fattening, g;
X, — thickness of fat at the level of 6—7 thoracic
vertebrae, mm [19];

le = 100 + (242 x K) — (4,13xL) (2),

where IB — complex index of fattening and meat qualities;
K — an average daily gain of live weight, kg;
L — fat thickness at 6—7 thoracic vertebrae, mm;
242; 4.13 are constant coefficients [21].

The formation of experimental groups of young pigs
was carried out by taking into account their origin and
based on the calculation of the average value of Cl and
Tyler indices. The deviation from the average value of
the indices was equal to + (0.67x0).

The cost of additional products was calculated based
on the following data: the purchase price of a product unit,
under the current prices, which is valid in Ukraine; aver-
age productivity of animals; the average premium of the
primary production, which is expressed as a percentage
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Khalak V. |., Gutyj B. V.

Productivity of young pigs of the Large White breed of diverse genealogical lines and interbreed differentiation

per 1 animal when applying a new and improved breed-
ing achievement compared to the productivity of animals
of primary use; the constant ratio of reduction of the result,
which is associated with additional costs for profitable
products (0.75); the number of livestock of agricultural
animals of a new or improved breeding achievement.
Variational statistics processed the research results ac-
cording to the methods of V. P. Kovalenko and others [11].

Results and Discussion

It was established that the average daily live weight gain
in young pigs of the experimental group (n=45) during the
period of control fattening is 781.0+5.78 g (Cv=4.97%),
the age of reaching 100 kg live weight is 177.31£0.77 days
(Cv=2.93%), lard thickness at the level of 6-7 thoracic ver-
tebrae — 20.740.32 mm (Cv=10.36%), chilled carcass
length — 96.5£0.31 cm (Cv=1.71%), the length of the bacon
half of the cooled carcass is 85.5+0.58 cm (Cv=3.54%). Selec-
tion index Cl ranges from 19.16 to 78.57, Tyler index — from
126.13 to 182.36 points. The study results of the fattening
and meat qualities of young pigs of the Large White breed
of different origins and interbreed differentiation according to
the Tylerindex. The Cl selection index is shown in tables 1-3.

It was established that the young pigs of the Il group
(genealogical line Tafftus C61203 UA 8819345) prevailed
over peers | (genealogical line Azuro UA 8800557) in terms
of the average daily gain of live weight during the period of
control fattening by 25.3 g (td=2.67; P<0,05), the age
of reaching a live weight of 100 kg by 5.8 days (td=3.64;
P<0.001), the fat thickness at the level of 6-7 thoracic ver-
tebrae by 1.2 mm (td=1.18; P>0,05). The animals were
characterized by a longer length of the chilled carcass (by
0.9 cm; td=1.09; P>0.05) and the length of the bacon half
of the chilled carcass (by 1.7 cm; td=1.24; P>0.05) lines
Azuro UA 8800557 (I experimental group).

The difference between animals of different gene-
alogical lines, according to the Tyler index, is equal to
8.95 points (td=2.28; P<0.05), according to the Cl selec-
tion index — 8.89 points (td=2.35; P<0.05).

A comprehensive evaluation of young pigs for fatten-
ing and meat qualities using the ClI selection index and
the Tyler index showed that the young pigs of the | group
(Cl=57.69-78.57 points, lv=214.89-242 .85 points) pre-
vailed age group Il (CI=19.16-38.75 points, lv=178.89—
192.72 points) according to the average daily increase in
live weight during the period of control fattening by 72.8
(td=8.02; P<0.001) and 70.7 g (td=6.77; P<0.001), the age
of reaching a live weight of 100 kg by 8.3 (td=5.28; P<0.001)
and 8.9 days (td=5.63; P<0.001), the thickness of lard at the
level of 67 thoracic vertebrae by 4.2 (td=6.56; P<0.001)
and 4.6 mm (td=6.76; P<0.001), the length of the chilled
carcass by 1.6 (td=1.86; P>0.05) and 2.0 cm (td=4.16;
P>0.001), the length of the bacon half of the cooled carcass
by 1.8 (td=1.21; P>0.05) and 2.7 cm (td=2.57; P<0.05).

The results of the calculation of pairwise correlation co-
efficients between the fattening and meat qualities of young
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Table 1. Fattening and meat qualities of young pigs
of diverse genealogical lines of the large white breed

Young pigs of the genealogical line

. . Azuro UA Tafftus C61203 UA
Indexes Diometric 8800557 8819345
indicators
Group
| 1]
n 35 10
1 X+Sx 775.946.26 801.2+7.12
0+X, 37.59+4.496 38.89+8.700
CvtSc,, % 4.84+0.578 4.85+1.085
X+Sx 178.3+0.83 172.5%1.37
2 o+X, 5.02+0.600 4.12+0.921
Cv+Sc,, % 2.81+0.336 2.38+0.532
X+Sx 20.9+0.31 19.7+0.97
3 o+X, 1.91+0.228 2.91+0.651
Cv+Sc,, % 9.13+1.092 14.58+3.261
n 23 4
4 X+Sx 96.6+0.34 95.7+0.75
oxX, 1.67+0.246 1.50£0.531
Cv+Sc,, % 1.72+0.253 1.57+0.556
X+Sx 85.7+0.64 84.0+£1.22
5 o+X, 3.08+0.454 2.44+0.865
CvxSc,, % 3.60+0.530 2.92+1.035
n 35 10
5 X+Sx 46.14+2.258 55.03+3.038
o+X, 13.55+1.620 12.11+£2.709
Cv+Sc,, % 29.36+3.511 22.01+£4.923
X+Sx 147.67+1.872 156.62+3.452
7 oxX, 11.23+1.343 12.59+2.816
CvtSc,, % 7.60+£0.909 8.04+£1.798

Note: in this and the following tables, 1 is the average daily
increase in live weight during the period of control fattening, g;

2 — age of reaching 100 kg live weight, days; 3 — fat thickness at
the level of 67 thoracic vertebrae, mm; 4 — length of the cooled
carcass, cm; 5 — length of the bacon half of the cooled carcass,
cm; 6 — Cl, points; 7 — lv, scored.

Table 2. Feeding and meat qualities of young pigs
of the large white breed of diverse interbreed differentiation
according to the Tyler index

Gradations of the Tyler index

Biometric 214.89— 195.52— 178.89-
Indexes indicators 242.85 213.54 192.72
Group
| 1l 1l
n 11 21 13
1 X+Sx 813.4+9.28 788.0+7.19 742.7+4.78
01X, 30.78+6.562 32.95+5.084 17.26+3.390
CvitSc,, % 3.79+0.808 4.18+0.645 2.32+0.499
X+Sx 172.5£1.08 177.4+0.94 181.4+1.16
2 01X, 3.58+0.763 4.33+0.668 4.18+0.821
CviSc,, % 2.08+0.443 2.45+0.378 2.31+0.453
X+Sx 18.3+0.63 20.7+0.23 22.9+0.28
3 01X, 2.11+0.449 1.05%0.162 1.03%0.202
CviSc,, % 11.49+2.449 5.10+0.787 4.53+0.889
n 4 16 7
4 X+Sx 97.7+0.25 96.5+0.46 95.7+0.42
01X, 0.50+0.177 1.85+0.327 1.11£0.296
CvtSc,, % 0.51£0.180 1.92+0.339 1.16+0.310
X+Sx 87.0+0.81 85.7+0.89 84.3+0.68
5 01X, 1.63+0.578 3.57+0.631 1.79+0.478
Cv+Sc,, % 1.88+0.667 4.17+0.738 2.13+0.569
29
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Table 3. Fattening and meat qualities of young pigs
of large white breed of diverse interbreed differentiation
according to the selection index Cl

Gradations of the Cl selection index
Biometric 57.69-78.57 43.84-56.12 19.16-38.75
indicators Group
[ Il Il
n 12 18 15
X+Sx 816.1£8.00 789.1+7.35 743.3+4.29
01X, 27.72+5.668 31,19+5.198 16.63+3.040

Indexes

CviSc, % 3.40+0.695 3.95+0.658 2.24+0.409

X+Sx 172.6£1.04 177.5£0.97 180.9+1.18

2 otX, 3.62+0.740 4.15+0.691 4.60+0.840
CviSc,, % 2.10£0.429 2.34+0.390 2.54+0.464

X+Sx 18.5+0.59 20.71£0.25 22.7+0.28

3 otX, 2.06£0.421 1.08+0.180 1.09+0.199
CvitSc,, % 11.17+2.284 5.25+0.875 4.84+0.884

n 5 14 8

4 X+Sx 97.2+0.80 96.8+0.46 95.6+0.34
oxX, 1.78£0.563 1.74+0.328 1.06+0.265

CviSc,, % 1.84+0.582 1.80+0.340 1.11+£0.277

X+Sx 85.8+1.35 86.2+0.91 84.0+0.65

5 oxX, 3.03+0.958 3.40+0.642 1.85+0.462
CviSc,, % 3.54+1.120 3.95+0.746 2.20+0.550

Table 4. Coefficients of paired correlation
between fattening and meat qualities of young pigs
of the large white breed, Cl selection index, and Tyler index

Sign Biometric indicators

X y r+Sr tr
1 0.748+0.0656*** 11.39
2 —0.628+0.0903*** 6.96
cl 3 —0.876+0.0347*** 25.27
£ 4 0.283+0.1371* 2.06
g8 5 0.128+0.1466 0.87
3 1 0.595+0.0963*** 6.18
2 2 —0.677+0.0807*** 8.39
le 3 ~0.923+0.0221*** 41.83
4 0.298+0.1358* 2.19
5 0.155+0.1455 1.07

Note. * — P<0.05; *** — P<0.001.

Table 5. Economical efficiency of using sows of different breeding value

Avera}ge daily gain Increase in Cq;t of
Gow 1 G INEMEO | adional  SCdena
fattening, g PIOEIE, %o UAH/animal*
fﬁ%ﬂi’ 45 781.045.78 — —
intrabreed differentiation along the genealogical line
| 35 775.916.26 —-0.65 —32.38
Il 10 801.2+7.12 +2.52 +121.45
intrabreed differentiation according to the Tyler index
I 13 742.7+4.78 —4.90 —248.34
Il 21 788.0+7.19 +0.88 +43.61
| 11 813.4+9.28 +3.98 +191.82
intrabreed differentiation according to the Sl selection index
1 15 743.314.29 —4.82 —243.62
Il 18 789.1+7.35 +1.02 +50.58
| 12 816.1+8.00 +4.30 +207.36

Note. * — the selling price of young pigs at the time of the research
was UAH 47.7. for 1 kg of live weight.

30

pigs of the Large White breed and indices are shown in
table 4. Studies have proven that the number of significant
correlation coefficients between the fattening and meat qual-
ities of young pigs of the Large White breed of the general
sample (n=45), the Cl breeding index, and the Tyler index is
equal to 80%. The significant relationships were established
between the following pairs of traits: Cl selection index x av-
erage daily live weight gain during the control fattening period
(r=+0.748); Cl selection index x age of reaching 100 kg live
weight (r = —0.628); selection index CI x fat thickness at the
level of 6—7 thoracic vertebrae (r = —0.876); selection index
Cl x length of the chilled carcass (r = +0.283); Tyler’'s index
x average daily gain of live weight during the control feeding
period (+0.595); Tyler's index x age of reaching 100 kg live
weight (r = -0.677); Tyler's index x fat thickness at the level
of 67 thoracic vertebrae (r = —0.923); Tyler index x length
of the chilled carcass (r = +0.293).

Calculations of the economic efficiency of the research
results show that the maximum increase in additional pro-
duction was obtained from young pigs of the genealogical
line Tafftus C61203 UA 8819345 (+2.52%), | experimental
group according to the Tyler index (+3.98%) and the Cl se-
lection index (+4.30%) (table 5). The cost of additional ani-
mal products in the specified groups is +121.45, +191.82,
and +207.36 UAH/animal, respectively.

Conclusions

The fattening and meat qualities of young pigs of the ge-
nealogical lines Tafftus C61203 UA 8819345 and Azuro UA
8800557 of the Large White breed correspond to the elite
class. It was established that the young pigs of the genealog-
ical line Tafftus C61203 UA 8819345 outperform peers of the
Azuro line UA 8800557 in terms of the age of reaching a live
weight of 100 kg, the thickness of lard at the level of 6—7 tho-
racic vertebrae and the length of the chilled carcass by an
average of 3.3%. Animals of the Azuro line UA 8800557
are characterized by a longer length of the chilled carcass
and the length of the bacon half of the chilled carcass.

The criteria for selecting highly productive animals ac-
cording to the Cl breeding index are 57.69-78.57 points,
and the Tyler index is 214.89-242.85 points. The number of
significant correlations between the fattening and meat qual-
ities of young pigs of the Large White breed, the Cl breeding
index and the Tyler index is 80%. Therefore, the above tes-
tifies to the effectiveness of using these indices in selection
and breeding work. It was established that the maximum
increase in additional production was obtained from young
pigs of the genealogical line Tafftus C61203 UA 8819345
(+2.52%), | experimental group according to the Tyler index
(+3.98%) and the Cl selection index (+4.30%).
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MpoAyKTUBHI AKOCTi MONOAHSKY CBMHEN BenuKoi 6inoi nopoawn pisHUX reHeanoriyHux niHin
Ta BHyTpilWwHbONopoaHoI AudepeHLUialii 3a AesKuMK iHTerpoBaHMMU NOKa3HMKamMm

B. I. Xanak', b. B. lymuii?
v16kh91@gmail.com

'depxaBHa yctaHoBa «IHCTUTYT 3epHOBUX KynbTyp HAAH»,

Byn. Bonogumunpa BepHazacbkoro, 14, m. OHinpo, 49009, YkpaiHa
2[IbBIBCbKWIA HaLOHaNbHUIA YHIBEPCUTET BETEPUHAPHOT MeauLuHN Ta GioTexHornorii imeHi C. 3. I XMLbKOrO,
Byn. Mekapcbka, 50, m. JbeiB, 79010, YkpaiHa

Meta poboTn — gocnianTy BiAroaiBenbHi Ta M'ACHI AKOCTi MONMOAHSKY CBUHEN BENUKOI Ginoi nopoawm pisHNX reHeanoriyHux niHin
Ta BHYTPILLHLONOPOAHOI AndepeHLialiaLii 3a AesKVMMW iHTErPOBaHUMM MOKa3HUKaMK, a TakoXK po3paxyBaT eKOHOMIYHY edeKTUBHICTb
pesyneratie ekcnepumeHTy. OLiHKy MONOAHSAKY CBUHEN 3a BiAroAiBENbHUMMN Ta M'ACHUMU SKOCTAMUW MPOBOAUMMN 3 YpaxyBaHHAM Takux
KiNbKICHUX 03HaK: cepefHboa060BMI NPUPICT XKMBOI Macy 3a nepiog KOHTPOSLHOI BiQroAiBni, r; Bik 4oCArHeHHs xmBoi macu 100 kr (gi6);
TOBLLMHA LUNVIKY Ha PiBHI 6—7 rpyaHuX XpebuiB (MM); AOBXWHa OXONOMKEHOI TyLUi (CM); AOBXMHA BEKOHHOT MOMOBWHN OXONOMKEHOI MIBTYLLI
(cm). KomnnekcHy ouiHKy TBapuH nianocniaHyx rpyn NpoBoavny 3a iHgekcamu Tannepa i BanreHa. BiomeTpuyHy 06pobky pesynbrartis fo-
crigkeHb nposoaunu 3a metoaukamu B. M. Koeanerka Ta iH. (2010). JocnipkeHHs npoBeaeHo B arpohopMyBaHHSX [JHINponeTpoBCLKOT
obnacri, M’sicokombiHaTi “[xa3” Ta nabopartopii TBapUHHUUTBA IHCTUTYTY 3epHoBUX KynbTyp HAAH Ykpainu. YctaHoBneHo, Lo 3a Bigro-
LiBENbHUMM | M'ICHUMW SIKOCTSIMW MOFOAHSIK CBUHEW reHearnoridHmx niHin Tafftus C61203 UA 8819345 i Azuro UA 8800557 Benukoi Ginoi
nopoay BignoBigatoTh knacy enita. MonoaHsik cBuHel reHeanoriyHoi niHii Tafftus C61203 UA 8819345 nepeBaxxae poBeCHWKIB NiHii Azuro
UA 8800557 3a Bikom gocsarHeHHs xuBoi macy 100 kr Ha 3,25%, TOBLUMHOIO LLMWKY Ha PiBHI 6—7 rpyaHUX xpebuiB — Ha 5,74%, AOBXNHOO
oxonomkeHoi Tywi — Ha 0,93%. Binblua JoBXUHa OXONOMKEHOI TYLLI Ta AOBXMHA GEKOHHOT MOMOBMHU OXONOMKEHOT TYLLI XapaKTepHi Anst
TBapuH niHii Azuro UA 8800557. KinbKicTb BipOriaHNX KOpensaLinHnX 3B’s3KiB MiX BiArogiBenbHUMM i M'ICHUM SIKOCTSIMW MOMOZHSIKY CBUHEN
Benukoi Binoi nopoagw, cenekuinHuMm iHaekcom Cl Ta iHaekcom Tavinepa ctaHoButb 80%. YcTaHOBMEHO, WO MakcumarbHy npubaBky Oo-
[aTKoBOI NpoAyKLii ogepXXaHo Big, MONOJHSIKY CBUHeN reHeanorivyHoi ninii Tafftus C61203 UA 8819345 (+2,52%), | nipnocnigHoi rpynu 3a
iHoekcom Tawnepa (+3,98%) Ta cenekuiittum iHgekcoMm Cl (+4,30%). Kputepiem Binbopy BUCOKONPOZYKTUBHMX TBapUH 3a CENEKLiHAM
iHoekcom Cl € nokasnukn 57,69—-78,57 6ana, 3a iHoekcom Tannepa — 214,89-242,85 6ana. EKOHOMIYHA €(heKTVBHICTb BUKOPUCTAHHS
MOMOZHSIKY CBUHEW 3a3HayeHnx rpyn 3abesnevye ofepxaHHsi 4o4aTkoBoi Npoaykuii Ha piBHi +3,98—4,30%.
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The aim of our study was to investigate the effect of ethyl-
thiosulfanylate, a representative of the class of thiosulfonate
compounds, in combination with vitamin E on certain biochem-
ical blood parameters, hematological indicators and total Chro-
mium content in liver of rats exposed to Cr(VI). Laboratory rats
were divided into 8 groups of 5 animals each. Animals of group |
(intact control) were injected daily intraperitoneally with 150 pl
of physiological saline solution for 7 days. Rats of lll/IV groups
received intraperitoneal daily administration of K,Cr,O; (diluted
in physiological saline solution at a dose of 2.5 mg Cr(VI)/kg) for
7/14 days. Animals of the Il experimental group were injected
daily intragastrically with 1000 ul of sunflower oil for 14 days.
Rats of V/VI experimental groups were administrated daily intra-
gastrically with 1000 pl of an il solution of vitamin E (20 mg/kg)/
vitamin E (20 mg/kg) in combination with ethylthiosulfanylate
(100 mg/kg) for 14 days. Animals of VII/VIIlI experimental
groups were injected daily intragastrically with 1000 ul of an oil
solution of vitamin E (20 mg/kg) in combination with ethylthio-
sulfanylate (100 mg/kg) for 14 days, after which a 7-day/14-day
period of intraperitoneal K,Cr,O, administration was performed.
Exposure to Cr(VI) led to a decrease in the number of erythro-
cytes, leukocytes, content of hemoglobin, phospholipids, total
protein against the background of the accumulation of total
lipids, mono- and diglycerides, non-esterified fatty acids, and
creatinine in blood of rats. Chromium concentration significantly
increased in the liver of rats after administration of Cr(VI).
The combined effect of vitamin E and ethylthiosulfanylate con-
tributed to the partial compensation of Cr(VI)-induced disturbanc-
es of the number of leukocytes and content of total proteins,
phospholipids, non-esterified fatty acids in blood of rats. Vitamin
E and ethylthiosulfanylate pretreatment also contributed to the
reduction of the percentage accumulation of Chromium in liver
of rats injected with Cr(VI).

Key words: ethylthiosulfanylate, hexavalent chromium,
hematological parameters, lipids, lipid classes, creatinine

Introduction

of several types of cancer and is increasingly recognized
as a neurotoxicant [18]. The United States Environmen-

Cr(VI) is a common heavy metal and is classified as tal Protection Agency (USEPA) has included Cr(VI) as
a global environmental pollutant that increases the risk a priority pollutant due to its persistent toxic properties and
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largely irreversible nature of adverse effects [39, 13]. How-
ever, Cr(V1) is an integral component in such technological
processes as: paint production, leather tanning, magnetic
tape production, hydrocarbon production (the role of a cat-
alyst), metal processing, chromate production, stainless
steel welding [3, 4]. Violation of production leads to uncon-
trolled emissions of Cr(VI) compounds into the environ-
ment. In particular, more than 20% of Cr compounds used
in the process of industrial leather tanning are released in
the form of wastewater and pollute the surrounding soils
and water bodies with toxic Cr(VI), which in turn creates
serious risks for poisoning of animals and human [28].
Cr(VI) compounds accumulate in cells of living organisms
that inhabit polluted areas of ecosystems, and thus the
toxic heavy metal is included in the food chain [38]. Cr(VI)
from natural and industrial sources is mostly presented in
the form of chromate and dichromate oxyanion (CrO,%;
Cr,0,%), which easily penetrates the cell membrane. The
main pathways of Cr(VI)-induced toxicity are the activa-
tion of oxidative stress mechanisms, damage to the DNA
structure, epigenetic disorders, which in turn leads to cyto-
toxicity, cellular mutagenesis, carcinogenesis, apoptosis.
Biologically active substances with antioxidant, detox-
ifying and cytoprotective properties are good candidates
for the prevention and reduction of the negative effects of
Cr(VI}-induced oxidative stress [29, 30, 36]. Ethylthiosulfa-
nylate (ETS) belongs to the class of thiosulfonate compounds,
which are synthetic analogues of natural biologically active
organosulfur compounds isolated from garlic, onion, broc-
coli, cauliflower and sea urchin. Thiosulfonates are more
stable than their natural counterparts, exhibit a wide range
of biological properties and are characterized by low toxicity.
Recent studies have shown that ETS is characterized
by antioxidant, cytoprotective and hypolipidemic proper-
ties [23, 31]. Our previous studies established that 14-day
exposure to ETS (100 mg/kg) contributed to only partial
normalization of certain blood biochemical parameters of
rats exposed to Cr(VI) [20]. Literature data report that the
combined action of antioxidant compounds is often more
effective in preventing Cr(VI)-induced disorders. In particu-
lar, vitamin E significantly complements the protective effect
of Selenium, melatonin, atorvastatin under the conditions of
Cr(VI)-induced toxicity [29, 30, 36]. Considering the good
effectiveness of the combined application of vitamin E, it
is important to evaluate the complex effect of ETS with
the corresponding vitamin under the action of Cr(VI).
The purpose of our work was to evaluate the specifics of
the combined vitamin E and ETS action on certain bio-
chemical blood parameters, hematological indicators and
total Chromium content in liver of rats exposed to Cr(VI).

Materials and Methods

The research was conducted on male Wistar rats with
mean body weight 13515 g. Laboratory rats were kept in
normal vivarium conditions with 12/12 hours lighting cycle,
room temperature (22°C), air humidity 50+20%, standard

The Animal Biology, 2023, vol. 25, no. 1

feed and free access to drinking water. All manipulations
with animals were conducted in accordance with Europe-
an Convention “For the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes”
(Strasbourg, 1986) and laws of Ukraine “Common Ethi-
cal Principles for Animal Experiments” (Ukraine, 2001).
The animals were divided into 8 groups of 5 animals each
(1 control and 7 experimental groups):

group | (intact control): daily intraperitoneally admin-
istered physiological saline solution (150 pl) for 7 days;

group lI/IV: daily intraperitoneally administered
K,Cr,O; solute in 150 pl of physiological saline (in terms
of 2.5 mg Cr(VI) per kg of body weight) for 7/14 days;

group Il (oil control): daily intragastrically treatment
with 1000 pl of sunflower oil (“Oleina”, ISO 14024: DSTU
4492) during 14-day period by the next 7-day period of
physiological saline solution (150 pl) administration;

group V: daily intragastrically treated with vitamin E
solute in 1000 pl of sunflower oil (in terms of 20 mg of vita-
min E per kg of body weight) during 14-day period by the
next 7-day period of physiological saline solution (150 pl)
administration;

group VI: daily intragastrically treated with vitamin E
and ethylthiosulfanylate (ETS) solute in 1000 pl of sun-
flower oil (in terms of 20 mg of vitamin E and 100 mg of
ETS per kg of body weight) during 14-day period by the
next 7-day period of physiological saline solution (150 pl)
administration;

group VII/VIII: daily intragastrically treated with vita-
min E and ETS solute in 1000 pl of sunflower oil during
14-day period by the next 7-/14-day period of K,Cr,O;
administration.

In our research we used organosulfur compound —
ETS (ethylthiosulfanylate), which was synthesized at
the department of technology of biologically active
compounds, pharmacy and biotechnology of National
University “Lviv Polytechnic” according to the method
as described previously [26].

After the thiopental anesthesia rats were decapitated
and then we collected blood and liver. The research ma-
terial was whole blood, blood plasma and liver of rats.
In whole blood we counted the number of erythrocytes,
leukocytes and determined the hemoglobin content.
In blood plasma we determined total lipids, proteins and
creatinine level, as well as measured the percentage
content of individual lipid classes. In liver tissue we mea-
sured the total Chromium content.

Counting of erythrocytes and leukocytes number was
performed by use of the Goryaev's chamber and at low
microscope magnification (lens — 8x, eyepiece — 10x or
15x) with covered diaphragm or lowered condenser (in
the dark field of view) [37]. To represent the number of
erythrocytes and leukocytes per liter, the unit of measure-
ment was given in 10'?/L and g/L respectively (S| units).

Determination of hemoglobin concentration was per-
formed by hemoglobin-cyanide method [37]. The optical
density of the obtained hemoglobin-cyanide solution was
determined spectrophotometrically at A 540 nm against
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the transforming solution (NaHCO; — 1 g; KsFe(CN)s —
0.2 g; KCN or NaCN — 0.05 g; distillated water in order
to obtain a total volume of 1 L). The hemoglobin content
was expressed in g/L (Sl units).

Blood plasma lipids were extracted according to
Folch’s method with the addition of a chloroform-methanol
mixture in a ratio of 2:1 (v/v) [10]. To purify the lipid extract,
a 0.74 M KCl solution was added. Determination of the
content of total lipids was carried out by the gravimetric
method by weighing the dry residue [17].

Determination of the percentage content of individual
lipid classes was carried out according to the method of
thin-layer chromatography on silica gel in the presence
of a solvent complex of hexane — diethyl ether — glacial
acetic acid in a ratio 70: 30: 1 (v/v/v). The plates with sili-
ca gel were processed using the crystalline iodine vapor
[17]. The processed plates underwent scanning using an
HP Scanjet G2710 (China). The lipid classes were quan-
titatively analyzed and counted from obtained scans by
using the TotalLab TL120 (Nonlinear Dynamics Ltd., UK).
The results were then expressed as a percentage of
the total lipids pool.

Total protein plasma level was determined by the
Lowry Method [25] using the biochemical kit Simko LTD
(Lviv, Ukraine) and expressed in g/L (S| units).

Determination of creatinine level was performed at
biochemical analyzer Humalyzer 2000 (Human; automat-
ic type) by using the biochemical kit Creatinine liquicolor
(10051) (Wiesbaden, Germany). The creatinine content
was expressed in pmol/L (S| units).

Determination of Chromium content in liver tissues was
performed by the method of atomic absorption spectro-
photometry, which is based on absorption of electromagnet-
ic radiation by free atoms in an unexcited state [37]. Liver
tissue sample with a weight of 5 g was mineralized by the
method of dry ashing in a muffle fumace stove according to
GOST 286-87-85. Determination of the Chromium content
was carried out after acid extraction (3N HCI) of sample. The
Chromium content was expressed in mg/kg of tissue weight.

Statistical processing of data was carried out by the
ANOVA method (with Tukey’s post hoc test) and only P
values <0.05 were statistically significant. All numerical
values of indicators were presented as mean values
(M) * standard error (S.E.M.).

Results and Discussion

The main task of our work was to evaluate the po-
tentially protective effects of vitamin E in combination
with ETS against Cr(VI)-induced toxicity. As a result of
research was established the multidirectional effect of
the studied compounds on some hematological and
biochemical parameters of rat blood.

We observed a statistically significant decrease of
hemoglobin content, erythrocytes and leukocytes count
after Cr(VI) intoxication in blood of animals of group llI
by 19, 16 and 19% and in group IV by 31, 25 and 35%
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Table 1. Indicators of hematological parameters of rat blood
(MtS.E.M., n=5)

Groups of animals Hemoglobin, Erythrocytes, Leukocytes,

glL 1072/L g/l

| — control 126.6127.86 8162029  9.67%0.27
Il — oil 12335573 8.32¢03  9.9240.30
l—Cr(Vl)7 days  10243:2.88* 6.89+0.26* 7.89+0.38*
IV —Cr(Vl) 14 days  87.4142.45" 6.11:0.20* 6.2740.17*
V — vitamin E 121284712 8554036  9.85£0.22
VI — vitamin E + ETS 121.75¢5.78 883041  9.71%0.26
VIl — vitamin E +

T e Gays 123312508 8.28:0.44 8974032
Vil —vitamin B+ 415 o544 46  7.8740.38  8.29+0.33*

+ ETS + Cr 14 days

Note. Here and in the following tables: the statistically significant
difference II, 1lI, IV, V, VI, VII, VIII groups compared to the group |
(control) is: * (P<0.001-0.05); the statistically significant difference
V, VI, VII, VIIl groups compared to the group Il is: # (P<0.001-0.05).

compared to the group | (intact control) (table 1). This in-
dicates about Cr(VI)-induced suppression of hemoglobin
biosynthesis [35] and inhibition of erythrocyte and leuko-
cyte differentiation processes by damaging hemato-
poietic stem cells of the bone marrow [12].

We did not find statistically significant changes of he-
moglobin level and erythrocytes number under the com-
bined effect of vitamin E and ETS followed by Cr(VI) in-
toxication (experimental groups VI, VIII). The combined
effect of vitamin E and ETS followed by Cr(VI) adminis-
tration for 14 days led to decrease of leukocytes count
in the blood of rats of group VIII by 16% compared to the
group Il. However, the percentage decrease of leukocytes
number in blood of rats of group VIII (16%) compared
with the group Il was twice lower than the percentage de-
crease of leukocyte counts in blood of animals of group IV
(35%) compared to the group I. Literature sources report
that antioxidant and cytoprotective effects of vitamin E
contributes to the prevention of Cr(VI)-induced decrease
in the number of leukocytes [7].

Cr(VI) administration during 7-day and 14-day periods
led to significant accumulation of the total lipids content in
blood of rats by 38 and 44% relative to the group | (fig. 1).

I
T

iy

-

N

Total lipids content in blood plasma, g/L

o

| I
control oil 7 days

N Cr(Vl) IV Cr(Vl) \% VIvit. B+ VIlvit. E+ VIl vit. E+
14 days vitaminE  +ETS +ETS+Cr7d +ETS+Cr 14d

Fig. 1. Total lipids content in blood plasma of rats (Mtm, n=5)
Note. * — P<0.05, the statistically significant difference II, llI, IV, V,
VI, VII, VIl groups compared to the group | (control).
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Table 2. Indicators of the percentage content of individual lipid classes in blood of rats (M+S.E.M., n=5)

e . Class of lipids, % Phpspho- Mono- gnd Non-esterjﬁed Non-esterified Triglycerides Esterified

roups of animals lipids diglycerides fatty acids cholesterol cholesterol
| — control 32.33+1.61 9.78+0.95 13.3911.75 12.94+0.57 17.81+1.07 13.754£3.42
Il — oil 32.75+1.15 10.17+1.16 13.02+0.58 12.99+0.29 18.52+1.69 12.57+2.69
Il — Cr(VI) 7 days 26.04+1.60*  12.94+0.16* 16.27+0.60 12.230.20 17.3310.66 16.194£0.25
IV — Cr(VI) 14 days 23.00+2.31*  12.67+0.50* 17.82+0.53* 11.39+0.29 17.57+2.68 17.56+3.87
V — vitamin E 33.61+1.12 10.3810.66 11.73+0.76 12.73+1.86 17.39+1.42 14.16+1.28
VI — vitamin E + ETS 38.46+1.28#  11.48+0.56  10.29+0.83#  11.23+0.84 16.56+1.10 11.98+1.94
VIl — vitamin E + ETS + Cr 7 days 32.47+1.82 11.81+0.44 10.8410.78 14.96+1.51 16.84+1.09 13.08+0.90
VIIl — vitamin E + ETS + Cr 14 days 38.68+1.42**  11.46+0.34 10.26+0.35* 12.68+0.47 15.60+3.23 11.33+2.17

The cause of hyperlipidemia by Cr(VI)-intoxicated rats
may be SREBP-1 protein hyperexpression by the next
accumulation of lipids, cholesterol, and triglycerides in
blood and tissues [21]. Exposure to vitamin E in particular
(group V) and in combination with ETS (groups VI, VII,
VIII) did not cause statistically significant changes of total
lipid level in blood of rats.

The analysis of individual classes of blood plasma lip-
ids showed that the 7-day and 14-day exposure to Cr(VI)
led to a significant decrease in the content of phospholip-
ids by 19 and 27%, respectively, compared to the group |
(table 2). Cr(VI) induces activation of phospholipids hydro-
lysis due to stimulation of phospholipase A2 [24].

In turn, the combined effect of vitamin E and ETS in
particular (VI group) and by the next 14-day exposure to
Cr(VI) (VIll group) caused an increase in the content of
blood phospholipids by 17 and 18%, respectively, com-
pared to the indicators of group Il. Corresponding chang-
es may indicate the need for the use of appropriate lipids
in the adaptive rearrangements of cell membranes under
the action of ETS [31] or inhibition of phospholipid hydro-
lysis processes due to phospholipase A2 suppression
by vitamin E [32].

It is known that the toxic effect of heavy metals and
oxidative stress are accompanied by the inactivation of
the enzymes monoacylglycerol lipase and diacylglycerol
kinase, which in turn contributes to the accumulation of
mono- and diglycerides due to inhibiting the processes
of splitting and conversion of the latter [2, 11]. It was es-
tablished that mono- and diglycerides level increased un-
der the influence of Cr(VI) in blood plasma of animals of
groups Il and IV by 32 and 30%, respectively, compared
to the group | (table 2). We did not register statistically sig-
nificant changes in the content of mono- and diglycerides
under the combined effect of vitamin E and ETS (VI, VI,
VIII groups).

We observed an increase in the level of non-esteri-
fied fatty acids (NEFA) in blood plasma of rats exposed
to Cr(VI) during 14 days by 33% compared to the group I,
which may be a consequence of the inhibition of fatty ac-
ids B-oxidation processes under the conditions of Cr(VI)
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intoxication [22]. However, the combined effect of vitamin E
and ETS in particular (VI group) and by the next 14-day
Cr(VI) exposure (VI group) was accompanied by a signif-
icant decrease in the content of blood NEFA by 21% com-
pared to the group Il. Vitamin E and natural analogues
of thiosulfonates contribute to the acceleration of the liver
fatty acids breakdown [6, 14], which may be the reason
for the decrease in the concentration of NEFA in rat blood.

As for the indicators of triglycerides, non-esterified
and esterified cholesterol in blood of rats, no significant
changes were found between all experimental groups.

Exposure to Cr(VI) for 14 days was accompanied by
a decrease in the total protein content in blood plasma
of rats by 28% compared to the indicators of group |
(table 3), which may indicate Cr(VI)-induced damage to
the filtering apparatus of kidneys with subsequent de-
velopment of proteinuria [33]. Proteins are an important
structural component of cells and at the same time are
very sensitive to free radical damage. Literature data indi-
cate that the decrease in blood total protein content under
the conditions of Cr(VI) toxicity may be associated with
nephrosis, as well as with a disruption of anabolic and
catabolic balance of protein metabolism [8, 35].

The combined effect of vitamin E and ETS followed by
the next 14-day exposure to Cr(VI) (group VIII) was also con-
tribute to a decrease of blood total protein content by 12%
compared to group Il (table 3). However, the percentage

Table 3. Indicators of the total protein and creatinine content
in blood of rats (M+£S.E.M., n=5)
Creatinine, pmol/L

Groups of animals Total protein, g/L

I — control 43.91+1.68 74.94%2.52
Il — oil 44.28+0.71 74.70£2.26
Il — Cr(V1) 7 days 36.97+3.50 134.4142.82 *
IV — Cr(VI) 14 days 33.94+1.60 * 182.93422.9 *
V — vitamin E 46.20+1.81 67.96£2.76
VI—vitamin E + ETS  45.46+1.44 71.64%2.03
VIl — vitamin E +

T 41.30£1.17 100.42+5.50
WAl — WG 2 38.83+1.10 # 148.20+6.38 * #

+ ETS + Cr 14 days
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decrease of total protein content in this case was twice
lower than in blood of animals injected with Cr(VI) without
vitamin E and ETS pretreatment (group V). Vitamin E is
an important natural antioxidant and provides protection
of protein molecules due to the effective neutralization of
reactive oxygen species (ROS) and free radicals [16].
Thiosulfonates and ETS in particular are also character-
ized by antiradical properties [23, 27]. It is possible that the
radical scavenging and antioxidant properties of vitamin E
and ETS may be the cause of attenuation of Cr(VI)-
induced total protein content decreasing in blood of rats.
Cr(V1) stimulates the processes of protein catabolism
and degradation, followed by the accumulation of urea
and creatinine in blood plasma, which are the end prod-
ucts of amino acid metabolism [9]. The level of creatinine
significantly increased in the blood plasma of rats after
7 and 14 days of Cr(VI) exposure by 79 and 144%, re-
spectively, compared to the group | (table 3). Creatinine
accumulation in this case may indicate a violation of renal
filtration processes under the influence of Cr(VI) as a re-
sult of inflammation, fibrosis, renal tubular necrosis [33].
Creatinine content similarly increased after exposure
to vitamin E and ETS by the subsequent 14-day Cr(VI)
injection in blood of animals of group VIII by 98% com-
pared to the group Il. However, the percentage accumu-
lation of creatinine in the blood of animals of group VIII
(98%) compared to the Il group was by 46% lower than
the percentage increase of creatinine content in blood
of rats of group IV (144%) compared to the indicators of
group l. Vitamin E and organosulfur natural analogues
of thiosulfonates are characterized by nephroprotective
properties. These compounds reduce the intensity of lipids
and proteins oxidation, ROS formation, reduced glutathi-
one (GSH) depletion in kidneys under the conditions
of oxidative stress, which in turn contributes to normal-
ization of blood creatinine level [1, 15]. It is possible that
the antioxidant properties of vitamin E and ETS may be
the reason for the decrease in the intensity of creatinine
accumulation in blood of rats injected with Cr(VI).
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Cr content in liver, mg/kg of tissue
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control Cr(VI) 14 days

Vil
vitamin E+ETS+Cr(V1) 14 days

Fig. 2. Total Chromium content in liver of rats (M+m, n=5)

Note. * — P<0.05, the statistically significant difference IV, VIII groups
compared to the group | (control); # — P<0.001-0.05, the statistically
significant difference of group VIIl compared to the group IV.
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An important parameter that reflects the degree of
Cr(VI) intoxication is the level of corresponding heavy
metal accumulation in tissues and organs. The liver is one
of the organs that intensively accumulates Cr(VI1) from the
blood circulatory system [40, 41]. Cr(VI) enters the liver
cells through the capillary network and is accumulated by
hepatocytes, which subsequently leads to hepatotoxicity,
hyperplasia, fibrosis, necrosis and apoptosis [34]. There-
fore, we determined the content of total Chromium in the
liver of rats after 14-day exposure to Cr(VI) in order to
assess the level of the corresponding heavy metal accu-
mulation in the liver tissue of animals. It was established
that exposure to Cr(VI) for 14 days (group IV) caused
a significant increase in total Chromium content in liver of
rats by 6.6 times compared to the control (fig. 2). Expo-
sure to vitamin E in combination with ETS by the following
14-day injection of Cr(VI) was also accompanied with
a significant increase in Chromium content by 4.1 times
in the liver of rats compared to the control.

However, the percentage of Chromium accumulation
in the liver tissue of rats of group VIl was by 38% lower
compared to the group IV, which indicates a decrease in
the percentage accumulation of Cr(VI) in the liver of rats
pretreated with vitamin E and ETS. The literature data and
our previous research report that exposure to vitamin E
and ETS promotes the accumulation of GSH pool in liver
of rats [14, 19]. Non-enzymatic antioxidant GSH reduces
the intensity of Cr(VI) accumulation in liver by binding
to the corresponding heavy metal with subsequent for-
mation of biologically inert complexes [42]. GSH-Cr(VI)
complexes are reduced to GSH-Cr(lll), which are subse-
quently excreted from the body through the kidneys [5].

Conclusions

Cr(VI) causes a violation of the homeostasis of hema-
tological blood parameters due to a decrease of erythro-
cytes, leukocytes count and hemoglobin content after
both periods of administration. The combined effect of
vitamin E and ETS lowered the percentage decrease
of leukocytes number in blood of animals.

The toxic effect of Cr(VI) led to an increase in the level
of blood total lipids, mono- and diglycerides during both
periods of administration and caused also blood NEFA
accumulation after 14-day period of Cr(VI) action. In turn,
phospholipids content decreased after both periods of
Cr(VI) exposure in blood plasma of rats.

The combined effect of vitamin E and ETS partially
compensated for 14-day Cr(VI)-induced disturbances of
blood lipid parameters by preventing an increase of NEFA
content and decrease of phospholipids level in blood
of rats. In turn, vitamin E and ETS in particular contributed
to accumulation of the content of phospholipid fraction
and to reduction of NEFA level in blood plasma of rats.

Cr(VI) caused a decrease of total protein level and led
to an increase of creatinine content in blood plasma
of animals. The combined effect of vitamin E and ETS

bionozis meapuH, 2023, 1. 25, N@1
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Effect of ethylthiosulfanylate combined with vitamin E on biochemical parameters and hematological indicators in rats under the Cr(VI) influence

attenuated the percentage accumulation of creatinine
and lowered the percentage decrease of total protein in
blood of rats under conditions of 14-day Cr(VI) toxicity.

The combined effect of vitamin E and ETS attenuated

the percentage accumulation of Chromium in liver tissue
of rats exposed to Cr(VI) during 14-day period.
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Bnnue etuntiocynbdaHinaTty y noegHaHHi 3 BitamiHoMm E Ha okpeMi bioximiuHi napameTpu KkpoBi
Ta remaTosnoriyHi nokasHuku Wwypis 3a aii Cr(VI)

b. I. Komuk
bohdan.kotuk@gmail.com

IHCTUTYT Bionorii TBapuH HAAH,
Byn. Bacunsa Crtyca 38, M. JlbBiB, 79034, YkpaiHa

MeTtoto pobotu Byno 3'sicyBaTtv BNNvMB eTUNTIiOCYNbdaHinary, npeacraBHUKa Kracy Cronyk TiocynbdoHaTiB, Y NoegHaHHi 3 BiTami-
HoM E Ha cTaH okpeMmx rematonoriyHmx nokasHukiB, BioXiMiYHUX NapameTpiB KPOBi Ta BMICT Xpomy y neviHui wypis 3a Bnnuey Cr(VI).
TNabopatopHux LwypiB po3ainunu Ha 8 rpyn no 5 TBapuH y KOXHiW. TBapuHam | rpynn (iHTakTHWMI KOHTPOrb) BBoAMM 150 MKk isposun-
HY LOAEHHO BHYTPILLUHBOOYEPEBUHHO Bripodosx 7-mu Ai6. Lypw III/IV rpyn oTpumyBanu BHYTpiLLHbOOYEPEBUHHE LLOAEHHE BBEOEHHS
K.Cr,O; (po3seaennin y dpizionorivHomMy posumHi y osi 2,5 mr Cr(VI)/kr) Bnpogosx 7-mu/14-tv i6. TeapuHam |l gocnigHoi rpyny BBogunmv
1000 MK COHALUHUKOBOI Ofii BHYTPILLUHLOLUIYHKOBO LLOAEHHO npoTarom 14-tu gi6. Lypwu V/VI gocnigHux rpyn oTpyMyBanu LWOAEHHE
BHYTpiLWHbOLLNYHKOBE BBeAeHHs 1000 MK oniitHoro po3unHy BitamiHy E (20 mr/kr)/Bitaminy E (20 Mr/kr) y noeaHaHHi 3 eTunTiocynb-
daninatom (100 mr/kr) npotarom 14-tn ai6. TeapuHam VII/VIII gocnigHux rpyn BHYTPILLHBOLLINTYHKOBO LwogeHHo BBoaunm 1000 mkn
OniiHOrO po34nHy BiTamiHy E (20 mr/kr) y noegHaHHi 3 etuntiocynbdaninatom (100 mr/kr) npotarom 14-tu Ai6, micns 4oro NpoBOAUMM
7-/14-0060BMIA LMK BHYTPILLHBOOYEPEBUHHOTO LWoAeHHOro BBeaeHHs K,Cr,O;. Bnnus Cr(VI) npu3BognBe 40 3HWXKEHHS Yncna epuTpo-
uuTIB, NeKouuTiB, BMICTy reMornobiHy, docdoniniais, 3aranbHoro npoteiHy Ha hoHi HAaKONMYEHHSI BMICTY 3aranbHuX Ninigis, MOHO- Ta
Avauunriiueponis, HeecTepUMIKOBaHMX XNPHUX KNCIOT, KpeaTUHIHY KpOoBi LWypiB. KoHUeHTpauis Xpomy 3Ha4HO 3pocTana y neviHui wy-
piB nicnst BBeaeHHs Cr(VI). NMoegHaHuin edbekT BiTamiHy E Ta eTunTiocynbdaninaty cnpusis Yactkosin ctabinizauii Cr(VI1)-iHaykoBaHoro
NMOPYLLEHHS KiNbKOCTi NENKouuTiB, BMICTY dhocdoniniaiB, HeecTepuikoBaHUX XXMUPHMX KUACIIOT, 3aranbHOro NpoTeiHy Y KPOBi Ta 3HUXKEHHIO
BiJICOTKOBOIO HaKonuyeHHs Xpomy y neviHui wypis, skum seogunu Cr(V1).

KntouoBi cnoBa: etunTiocynbdaHinart, XxpoM LLeCTUBANEHTHWUIA, FeMaTosIoriYHi MOKa3HWKK, Ninigun, Kknacu ninigie, KpeaTuHiH

Kotyk BI. Effect of ethylthiosulfanylate in combination with vitamin E on certain biochemical blood parameters and hematological indicators
in rats under the influence of Cr(VI). Biol. Tvarin. 2023; 25 (1): 32-38. DOI: 10.15407/animbiol25.01.032.
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loHodbopHI aHTUBIOTVKM perynioTb pybLeBy depmeHTaLiio,
MOKpPAaLLytOTb BUKOPUCTAHHS MPOTEIHY KOPMY, 3anobiratoTb KETO3y
Ta cTeatosdy. BoHu i B-kMCnoTu xmento NpurHivyloTb akTUBHICTb
BiNbLUOCTI rPaMno3UTUBHUX MIKpOoopraHi3miB pyous. bakTepii no-
TpebyoTb BiTamiHy E sk akTMBHOrO aHTMOKCMAAHTa KIiTUHHUX
MeMBpaH. TOKCUYHICTb TOKOhepory Ay>Ke HU3bka, TOMy Aoda-
BaHHS! OTO 0 paLioHy XXYWHUX Y KirbKOCTI, BinbLUili 3a pekoMeH-
O0BaHy, MOXe CTUMYIoBaTK LIeNtono3onitTuiHi 6akrepii pybus
i BMEHLUMTW HErATUBHMI BMSMB iOHOMOPIB Ha rigponi3 KNITKOBUHW.
BakTepii pybusi po3LLENIOTL 3HAYHY YaCTUHY KOPMOBOTO XOMiHY,
METIOHIHY Ta KapHITUHY, TOMY XYAHUM BapTO OTPUMYBATU IX Y 3a-
xueHi gopmi. ChopmMOBaHO Tpu rpynin KOpIB YKPaiHCLKOI MO-
TIOYHOI YOPHO-PBOi Mopoau (>5 TUC. Kr 3a MONEPEAHHO NaKTaLito):
3 CMMNTOMaMW KriHIYHOrO KeTody (n=4), 3 CyOKNiHIYHNM KETO30M
(n=5) i kniHiuHO 3g0poBi (N=5). KopoBam 3 KETO30M NPOTArOM Mi-
CsLUsA 3roqoByBany Jo6aBKy 3 NoApPiIGHEHUMM rPaHyaMm LLUMLLIOK
xmernto (20 r), BitamiHOM E (3 1) i 3axuLeHmu Big, po3LienneHHs
B py6ui xoniHom (50 r), meTioHiHoM (20 r) i kapHiTHOM (1 T). 300-
POBI KOPOBM CINyryBanu KOHTPorieM. Y KpoBi KOPIB 3 CyOKMiHIMHNM
KeTo30M AobaBka 30inbLUMa piBeHb [MHOKO3M | 3MeHLLIMIa piBEHb
B-rigpokcnbyTupaty Ao KriHIYHOT HopMK. Y KOpIiB 3 CUMMMTOMamu
KNiHIYHOro KeTO3y KOHLEHTpaLis B-rigpoKcubyTnpaTy Tex 3HU-
3unacs (P<0,01), npote nepesuLLyBana HOpMY. Y XBOPUX KOpIB
aMinoniTMyHa Ta ninoniTu4yHa akTUBHOCTI BYIN HXKUYMMMU, HiXK
y 3noposux (P<0,05-0,01). LientonosoninitmyHa akTMBHICTbL Gyna
HKYOK0 NnLLE 3a KMiHIYHOro KeToady. [poTeoniTnyHa akTUBHICTb
3a keTo3y byna suwoto (P<0,05-0,01) sk Hacnigok 3poCTaHHs
B pyOLIi KINbKOCTi Ta aKTUBHOCTI BaKTepiv-rineprnpodyLeHTIB amiaky.
MMicnsa nikyBaHHA CyOKMiHIMHOTO KETO3Y LIeMtorno3osliTiHa i amino-
NiTMYHa aKTMBHOCTI pyBLEeBOi piaMHU JOPIBHIOBANIM KOHTPOMBHUM
noKasHuKam, a MpoTeoniTUYHa akTUBHICTb Oyna HaBiTb AeLlo
Huxdoto (P<0,05). JlikyBaHHS KniHIMHOT chopmmM KETO3Y BYno MEHLL
edheKTnBHE, Xxo4a TeHaeHLji 30epiranmck. 3a 060x hopm KeTo3y
y BMICTi py6La BusiBneHo GinbLuy KinbkicTb amiaky (P<0,05-0,01)
SIK HACMiAOK BULLIOI NPOTEOSNITUYHOT aKTUBHOCTI; KOHLEHTpaUis
NETKNX XMPHUX KUCNOT B pyOLi 3HWKyBanach, a KOHLEHTpaLis
naktaty 3poctana (P<0,05-0,01). MNicnsa 3rogoByBaHHSA fobae-
K1 BKa3aHi MOKA3HWKM 3@ CyOKMiHIYHOrO KeTo3y HabnMannuneb oo
KOHTPOIIO, TOAI 5K 32 KNiHIYHOro KETO3y CTaH NoKpaLlyBaBCs,
ane KOHUeHTpaLia amiaky i Aani BigpisHanack Bif HOPMMU.

Knro4yoBi cnoBa: kopoBu, keTo3, pybeLb, LUNLLKA XMESIO,
BiTamiH E
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Bigomo, o ioHoopHi aHTUBIOTMKM BNNMBaOTh
Ha pybueBy bepMeHTaLito, MOKPALLYIOTb BUKOPUCTaHHS
npoteiHy kopmy. BoHV 30aTHi 3MeHLLYBaTV iIHTEHCUBHICTb
HacniakiB HeraTMBHOIO EHEPreTMYHOro GarnaHcy y BUCOKO-
NPOAYKTMBHUX KopiB [5, 8]. Y GinbLiocTi gocnigxeHb
BUSIBINIEHO 3HWKEHHS KOHLEHTPALil KETOHOBMX Tin Y iXHil
KpoBi [6, 13, 8]. loHodhopu 36inbLLYHOTE YTBOPEHHS B pyOLi
nonepeaHvKa rmKo3n — MPOMIOHATY, a TaKoX 3MEHLLY-
l0Tb po3LLenneHHst amiHokucnoT [20]. 3a 3acTtocyBaHHs
iIOHOOOPIB 3HKYETLCA MMOBIPHICTb BUHMKHEHHS Y KOPIB
cybKniHIYHOrO i KNniHiYHOrO KeTo3y [7, 4, 27, 19].

Y BUCOKOMPOAYKTMBHMX KOPIB 4aCTO CroCTEpIiraeTbes
XXNPOBE NEPEPOIKEHHS MEYiHKKN, 3yMOBMEHE HaaAMIPHUM
OernoHyBaHHAM Tpuaumnrniueponis y renatouutax. Ilig
BMAIMBOM IOHOGOOPIB CTUMYSHOETHCA CUHTES renartouuTamm
KapHITMH-NanNbMITOIN TpaHcdepasu, sika TpaHCNopTye
XWPHI KNCNOTK Y MITOXOHAPIT AN noganbLoro 6eta-
OKVCIEHHS [24], BHAcMioK Yoro BinbyBaeTbCsA 3MEHLLIEHHST
HaKOMWYEeHHS Tpruauunriiueponis y neviHui [21, 36].

|IoHOGOPHI aHTNBIOTUKM | B-KMCNOTK XMENIO NPOSIBIS-
I0Tb NOAIGHMI cnekTp BionoriYHOI aKTUBHOCTI, BOHW Npu-
HiYYOTb aKTUBHICTb OiNbLUOCTi FPaMno3nTUBHUX MIKpPO-
opraHiamis pybus [10, 11]. 3okpema, B-KMCNOTH iHribyoTb
aKTUBHICTb rpaMno3nTUBHUX BakTepint S. bovis, siki € on-
HVMM 3 OCHOBHMX NPOAYLIEHTIB fakTaTty B pybui >KynHMX.
Pasom 3 Tum, aeski rpaMno3nTuBHiI 6akTepii HevyTNMBI
[0 B-kucnoT — Hanpuknag, 6akTepii knacy Negativicutes
[10]. MpeactaBHUK LbOro knacy M. elsdenii € BaXXnMBmM
npoayLeHToM nponioHaTy B pybui. OTxe, 3a gii 6ionoriy-
HO aKTMBHMX KMUCIOT Cynriab XMEMH y BMICTi pyous 3HK-
XKYETBCA NPOAYKLIS MOMOYHOI KMcnoTu. MNMpoaykuis npo-
NiIHOBOI KMCIOTM KifNbKICHO NepeBaXXHO He 3MIHIOETLCS,
NpoTe BHACMIAOK AEAKOro 3HWKEHHS KiNbKOCTi aueTtary
YyacTtka nponioHaTy y pybuesin piguHi ctae GinbLuoto [10].
AK 1 ioHODOpPHI aHTUBIOTVKM, B-KMCIOTU LUMLLIOK XMESTo
3HUXKYHOTb NPOTEONITUYHY aKTUBHICTb Ta NPUrHiYYyIOTb
YTBOPEHHS aMiaKy i MeTaHoreHes y pybui [39, 12, 2].

LWnwkn xmento MiCTATb HU3KY 6ionoriyHo akTuBe-
HUX KOMMOHEHTIB, NOAIOHNX 3a Aieto o aHTUbIoTKKIB-
ioHohopiB — Le NpeHinboBaHi hnaBoHOIAN: F'YMYMOH
(a-knenoTu), ynyrnoH (B-kuenoTwm) Ta ixHi noxigHi [35, 11].
BkasaHi KOMMOHEHTU LUMLLIOK XMET0 MOXHa po3rmsaaaTu
SK MOTEHUHUIM 3aMiHHWK iOHOOPHMX aHTUBioTuKIB [37,
9]. OCHOBHMMM 1 HAYUCINEHHILWUMMM BiONOTiYHO aKTUB-
HUMMW KOMMOHEHTaMM LUMLLOK XMEro € rigpodobHi a-
i B-kncnoTn abo, Sk iX We Ha3nBatoTb, «TipKi KUCIOTUY.
O-KUCNOTW NpefCcTaBneHi WicTbMma crnonykamu, cepeg
AKMX XymynoH (35—-70%), koxymynoH (20-55%), agxy-
MyrnoH (10—-15%), a TakoxX MIHOPHI KOMMOHEHTW: MOCTXY-
MYJTOH, MPEXyMYIOH Ta agnpexymyrnoH [17]. Lo B-kucnot
Hanexatb nynyrnoH (30-55%), konynyrnoH (20-55%), an-
nynynoH (5—10%), npenynynoH i nocTrynynoH [17].

Lnwkm xmento MicTsaTb NonidpeHornbHI KOMMOHEHTH,
KINbKICTb SKUX BiQHOCHO HeBenwuka (3—6%), npoTe BOHU
NPOSIBNSIIOTb 3HAYHY BionorivyHy akTUBHICTb [18, 29]. Ak
i B-kMcnoTu, nonicpeHonNbBHI Cronykx GiloTb NePeBaXkHO Ha
rpamno3nTmBHi 6akTepil [32]. BioHOCHO B1COKa akTUBHICTb
XapakTepHa Ansi nonideHonis rpynu npeHindgnaeoHoiais,
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AKi 4iI0Tb Ha rPaMno3nTMBHI BakTepii Ta geski rpubn
i npotucTtyn [23].

[HLWa Benuka rpyna BionoriyHO aKTUBHUX PEYOBMH LLIK-
LLIOK XMeNto — Le edipHi onii, SKi TaKoX MPOoayKYHTbCS
nynyniHoBumun 3anosamu [3]. MNpoTnMikpoOHa aKTUBHICTb
npuTamaHHa edoipHMM onisiM XMerto, NPOoTe BOHAa MeHLa
MOPIBHSAHO 3 Ai€t0 ripKUX KUCNOT i nonicpeHonis [17].

HasBHi y WwmnwkKax XmMento Crnonykn MatTb 3HaYHI
aHTMOKCKAAHTHI BnactueocTi [1, 40]. Haneuwa aHT1oken-
AaHTHa Jia xapakTepHa Aanga nonideHonis Xmento, ki
eeKTBHO HENTPani3ytoTb akTUBHI oopmn OKcureHy
[25, 31]. Kpim TOro, nonidheHonu iHribytoTb eH3umu, 3agi-
SIHI Y reHepyBaHHi akTuBHMX doopm OkcumreHy [17]. AHTK-
OKCVOaHTHa Ais npUTaMaHHa TakoX O- i 3-kucnotam [17].

BakTepil, SK 1 iHLLi >x1Bi opraHi3Mu, NoTpedyoTh HasiB-
HOCTI BiTaMiHy E sIKk akTMBHOrO aHTMOKCUAAHTa KMITUHHUX
MembpaH. Mpuyomy MikpoopraHiamm noTpebyoTb Oinb-
Lwmnx Ao3 sitamiHy E, Hixx cama TBapuHa [14]. 3a 3ronoBy-
BaHHS abo napeHTepanbHOro BBEAEHHS XXyNHUM Tokode-
pory BpaxoBylOTb NOTPEDY came TBapWHW, Togj SIK MiKpo-
opraHiamam pybus L€l KinbKOCTi HegoCTaTHLO. TOKCHY-
HICTb TOKOGEepOory Oy>Ke HU3bKa, TOMY AOOABaHHS 0ro
00 pauioHy >XyWHWX Y NiABULLEHWX KiNTbKOCTSX CTUMYITHOE
uentornonituyHi 6akTepii pyoust Ta KOMNEHCYE MPUrHIYEHHS
ioHOhOpamMK PO3LLENTIEHHS KIITKOBMHK pauioHy [30].

KapHiTnH HeoOXigHUA Anst TpaHCNOPTYBaHHSA 4OBrO-
NaHLIOMOBUX XXUPHUX KUCIIOT 3 LIMTOMMa3mMmn B MiTOXOH-
apii, auetnn-KoA 3 nepokcMcom B LUTOMNIIA3My, TakoX
BiH peryntoe cnisaigHoLweHHsA aumn-KoA/KoA-SH [28].
3a HagMIpHOTO HaOXOMKEHHS! XKMPHMX KUCIOT A0 NEYiHKA
KapHiTUH MOCUIIOE TX OKUCIEHHS!, 3MEHLLYIOYN LM Ha-
KONWYeHHs Tpraumnmiueponis y renatoumntax [22].

XoniH € KOMNOHeHTOM dhocdaTUaMNXONiHY | BiaoMUIA
AK renatonpoTekTop [16]. XoniH 6epe yyacTb y perynsuii
cekpeUil iHCyniHy | po3rnagaeTbca K nonepeaHvik aLe-
Tunxoniny [33, 15].

MeTioHiH — He3aMiHHa aMiHOKMCNOoTa, sika LUMPOKO
3aCTOBYETbCA Ans 3axXUCTy nediHku [38]. Metaboniam
METIOHiIHY Ta XOrliHy TiCHO B3aEMOMOB’A3aHWMN, iX YacTo
BBaXalOoTb B3aEMO3aMiHHUMU 3 TOYKM 30pY renaTonpo-
TeKLUii, NpoTe HeLoAaBHO BUSIBIEHO, LLIO BKa3aHi Cnonyku
MO-pi3HOMY BrMNMBAKOTb HA CTaH NEYIHKKU i MOMOYHY Npo-
OYKTUBHICTb KopiB [38].

Ockinbku GakTepii pybLs po3LLEnoTb 3HaqHy vac-
TWHY KOPMOBOIO XOfiHY, METIOHIHY Ta KapHITUHY, XKyWHi Mo-
BWHHI OTpUMyBaTK 1X y 3axuLeHin dpopmi [16, 33, 38, 26],
TOMy iXHin BNNMB Ha pybLeBy hepMeHTaLit0 HE3HaYHNIA.

MaTepianu i meToam

Y KopiB yKpaiHCbKOT MOMOYHOT YOpHO-psiboT no-
poauv 3 NPOAYKTUBHICTIO 5 i GinbLue TUC. KI MOSIoKa 3a
nonepeaHto nakTaLito nNicns oTeneHHs B3anu 3pasku
BEHO3HOI KPOBi AN BU3HAYEHHS KOHLEHTpaLil rmto-
Ko3wn i B-rigpokcnbyTupaty. Ons gocnigy nigibpaHo
3 rpynu KopiB: 3 03HaKaMu KMiHIYHOro KETO3Y (KOHLIEH-
Tpauisa B-rigpokcnbytupaty y kposi >3,0 MMmonb/n) —
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4 TBaApPMHU; 3 CYOKMIHIYHUM KETO30M (KOHLLEHTpaLis
B-rigpokcubyTtupary 1,3—2,2 Mmmons/n) — 5 TBapuH Ta
KniHiYHO 340poBi (KOHLEeHTpauis B-rigpokcmbyTupaty
0,2-1,1 mmonb/n) — 5 TBapuH.

XBOPUM Ha KETO3 KOpOBaM MPOTAroM MiCsLISt O KOM-
Bikopmy AodaBanm NiKyBanbHO-NPOgINakTuiHy 4o6aBky,
sika MiCTUTb: NOAPIOHEHI rpaHynn WKLWOK xmento — 20 T,
BiTamiH E — 3 1, Ta 3axuLLeHi Big po3wenneHHs y pyou
xoniH — 50 r, meTioHiH — 20 r, KapHiTMH — 1 . KniHivHO
300pPOBi KOPOBW CyryBanv KOHTPOSEM.

[ns nabopaTtopHMX JOCNigKEHb BUKOPUCTOBYBAu
BMICT pybus i kpoB. MaTtepian ons aHanidy 6panu vyepes
TXKOEHb Ta Yepes MicsiLb Nicnsi oTeneHHs. Y pyouesin
PiauHi BU3Ha4yanu npoteiH metogom K'enbaans, BMiCT
amiaky 3a KoHBeeM, MOMOYHOT KUCroTh — 3a bapkepom-
CaMmepCoHOM, 3ararnbHUN BMICT NETKUX XKUPHUX KUC-
NOT — METOA0M NapoBOi AUCTUNALIT B anapaTi Mapk-
rama, pH 3rigHo 3 MeTogamu, BUKNageHUMuU y AoBia-
HUKY [34]. Y KpOoBi BU3Ha4anm KOHLEHTPALto MHOKO3M
i B-rinpokcnbyTurpary 3a 4OMOMOrOH0 FIHKOKETOMETPA
CareSens Dual (i-Sens, MNiBgeHHa Kopes).

Pe3ynbraTty Ta iXx 06roBopeHHs

JlikyBanbHo-npodinakTuyHa gobaeka, sika MiCTUTb
noApiOHeHi rpaHynn LWWLIOK XMento, BiTaMiH E Ta 3axu-
LeHi Big posLuenneHHs y pybui XoniH, METIOHIH i kap-
HITWUH, 3HWXYE KOHLEHTpauito B-rigpokcnbytmnpaty
Ta 36inbluye KOHLEHTpPALIO rMI0KO3U B KPOBi KOPIB.
Y KopiB 3 CyOKINiHIYHOK (hOPMOIO KETO3Y CMOCTEPIraoTb
HOpMani3aLito NOKa3HWKIB KPOBI, @ Y XBOPUX Ha KMiHIYHNI
KETO3 KOpiB 3aXBOPIOBaHHA NepexoanTb y CYOKNiHiYHY
dopmy (Tabn. 1).

Y KopiB i3 cuMnTOMamu KriHiYHOro KeTo3y 3rogo-
BYBaHHS KOPMOBOi J0DaBKM 3HM3UIO KOHLEHTpaLito
B-rinpokcnbyTuparty B kposi — 3 4,08 MMornb/n Ha novar-
Ky 0o 2,78 mmonb/n HanpwukiHui gocnigy (P<0,01).
[obaBka cyTTEBO 3MEHLUMNA KiNbKICTb KETOHOBUX Tin,
npoTe iXHS KOHUEHTpaLis 3anuwanacb Ha BigHOCHO
BMCOKOMY PiBHi; Lie CBi4MTb, LLO iHTEHCUBHICTL Nepebiry
NaTororiYyHOro NpPoLecy Xod i 3HM3unach, ane Hegocrar-
HbO A1 MOBHOIO OfYXaHHs1, TOOTO 3aXBOPHOBaHHS Nepe-
Mo y nerwwy cyokniHivHy doopmy. KOoHLEeHTpaLis rrtoKo-
31y cUpoBaTLi KpOoBi Lnx Kopi 3pocna Ha 50% — 3 1,95
0o 2,93 mmons/n (P<0,01).

Pi3HMUS MiXK NOKasHMKaMM KOHUEHTpaUii rnioKo3mn
B KPOBIi 300POBUX i XBOPUX Ha CyOKNiHIYHWIA KETO3 KOpiB
craHosuna 15,3% (P<0,05). Bmict B-rigpokcnbytupary
Y KPOBI KOPIB i3 CyOKmMiHIYHMM KETO30M Y 2,6 pasa nepesu-
LLlyBaB NnokasHuK 3gopoBux kopis (P<0,001). JlikyBansHo-
npocpinakTnyHa gobaska 36inbLumna KOHUEHTpaLito -
KO31 Ta 3MeHLUMNa KOHUEHTpaLilo B-rigpokcmbyTupary;
Ui MOKa3HWKK YBIMLLIW B MEXi HOPMUW, NpOTe 3anuLlanncs
BULLIMMM Bif, NOKa3HUKIB 300POBUX KOPIB.

Y KniHiYHO 300pOBUX KOPIB NPOTAroM 4OCHILHOrO
nepiogy TakoX BUHWKMMW NEBHi 3MiHW MeTaboniyHoro
npocpinto KpoBi. 3a NOPIBHAHHSA MOKA3HMKIB Ha NOYaTKy

The Animal Biology, 2023, vol. 25, no. 1

Tabnuua 1. KoHueHTpauis rmioko3un Ta B-rigpokenbytmpary
Y KpOBi KOpiB

Table 1. Glucose and 3-hydroxybutyrate concentrations

in the cows blood

I'pynu kopiB / Groups of cows

- KNiHIYHWIA  KNiHIYHWIA
g OKaSH?KM Al CyGKeTos KeTo3
arameters ;
SHODPOBI g b cinical clinical
healthy . :
ketosis ketosis

lMoyamok docnidy / The beginning of the experiment

[mtoko3a, MMornb/n 2,42+ 2,05+ 1,95+
Glucose, mmol/L +0,13 +0,08* +0,17*
B-TippokecubyTupar, mmone/n - 0,64+ 1,65+ 4,08+

B-Hydroxybutyrate, mmol/L ~ +0,10 +0,09*** +0,26***

Kineyp docnidy / The end of the experiment

[mtoko3a, Mmornb/n 2,87+ 2,69+ 2,93+
Glucose, mmol/L +0,08* +0,12# +0,11#
B-Tigpokcnbytupar, mmons/n 0,56+ 1,06+ 2,78+

B-Hydroxybutyrate, mmol/L ~ +0,07  0,12*#  +0,30**#

lMpumimka. TyT i gani: * — cTyniHb BipOriQHOCTI Pi3HWLE Y NMOKa3HW-
Kax XBOPUX KOpiB MNOPIBHSHO 3 3goposumu; * — P<0,05; ** — P<0,01;
*** — P<0,001; # — cTyniHb BipPOriAHOCTi Pi3HWLb Y MOKa3HMKax Ao
i nicns nikyBaHHs; # — P<0,05; # — P<0,01; #* — P<0,001.

Note. Here and further: * — statistical significance between sick
and healthy cows; * — P<0.05; ** — P<0.01; *** — P<0.001; # —
statistical significance in each group before and after treatment;
#— P<0.05; # — P<0.01; ## — P<0.001.

Tabnuus 2. A30TOBUIA Ta BYrNeBOAHWUIA OOMIH y BMICTi py6us
Table 2. Nitrogen and carbohydrate metabolism in rumen contents

I'pynu kopis / Groups of cows

. CYOKMIHIYHWA ~ KMiHIYHUIA
MokasHuku / Parameters ~ KMIHIYHO

. KEeTo3 KeTo3
Bi L =

ﬁ%?t% subclinical clinical
y ketosis ketosis

lMoyamok docnidy / The beginning of the experiment

BinkoBwuit a3oT, MMonb/n 58,45+ 52,33+ 45,27+
Protein nitrogen, mmol/L +4,76 +5,11 +3,18*
MikpoGHUi1 a30T, MMOnb/n 38,37+ 39,62+ 31,24+
Microbial nitrogen, mmol/L ~ +2,65 1,97 +2,03*
JPKK, mmonb/n 122,67+ 108,69+ 89,36+
VFA, mmol/L 9,75 6,14 +7,32**
A30T amiaky, MMornb/n 5,71+ 6,41+ 7,63+
Ammonia nitrogen, mmol/L 10,52 +0,40* +0,29**
JlaktaT, MMonb/n 4,02+ 4,59+ 5,27+
Lactate, mmol/L +0,13 +0,10* +0,06**
H 6,70+ 6,79+ 6,78+
P £0,11 £0,15 £0,17
Kineyp docnidy / The end of the experiment
BinkoBwuiA a3oT, MMonb/n 57,28+ 55,81+ 50,42+
Protein nitrogen, mmol/L +3,98 +3,14 +2,81
MikpoGHUit a30T, MMOnb/M 36,83+ 37,55+ 35,89+
Microbial nitrogen, mmol/L +1,77 +2,05 +3,12
JIKK, mmons/n 121,39+ 123,13% 107,75%
VFA, mmol/L 15,87 +7,34# +4,67**#
A30T amiaky, Mmornb/n 5,24+ 5,11+ 6,09+
Ammonia nitrogen, mmol/L 10,43 +0,29# +0,32**
Jlaktat, MMonb/n 4,32+ 4,65+ 4,96+
Lactate, mmol/L +0,27 +0,19 +0,06*
H 6,63+ 6,67+ 6,73+
P 0,07 +0,09 +0,12
41
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i HaNpuKiHUiI Jocnigy BUSIBNEHO 36inbLUEeHHS KOHLUEH-
Tpauii rnoko3un Ha 18,6% (P<0,05).

Sk BUOHO 3 pe3ynbrartiB, HaBeaeHUx y Tabn. 2, 3axeo-
PIOBaHHSA Ha KETO3 3MiHIOE nepedir pybuesoi depmMeHTa-
uji y KopiB. BusiBneHo 3MiHW y iIHTEHCUBHOCTI po3LUeneH-
Hs1 KITITKOBMHW, KPOXMarlto, NpoTeiHy Ta ninigie. 3okpema,
MOPIBHSIHO 3 KOPOBaMW KOHTPOIBHOI rpynu, aminoniTuiHa
aKTUBHICTb pybLeBOi piguHM KOpIiB 3 CyBKMiHIYHUM Ke-
TO30M 3HM3NUNack Ha 6,5% (P<0,05), a y xBopux Ha Kni-
HIYHWMIN KETO3 KOPIB Liei NoKasHuK ByB Hbk4mMM Ha 16,5%
(P<0,01). MogibHy TeHaeHLito criocTepirany Ans LUentono-
30MITUYHOI aKTUBHOCTI, NPOTE AN L€l rpyny eH3UMIB MeH-
LY aKTMBHICTb BUSIBUNW NLLIE B KOPIB, XBOPUX Ha KriHiY-
HUIM KETO3, Y SKNX 3HMKeHHS cTaHosuno 11,4% (P<0,05).
Y KopiB 3 CYyOKNMiHIYHMM KETO30M 3MiH LIEMHONO30MiTUYHOI
aKTVMBHOCTI Y pyOLIEBIl piguHi He BUSIBNEHO, TOGTO Y i
rpyni BKaszaHa akTMBHICTb He BiApi3HANach Big, MOKa3HMKa
pyOLIEBOI pPiavHM 300POBUX KOPIB. Y XBOPUX KOPIB 3HA4YHO
3HM3WIack NNoMiTMYHA aKTUBHICTb: 3a CYOKMIHIYHOrO Ke-
To3y — Ha 12,9% (P<0,05), a 3a kniHi4HOi hopMU LibOrO
3axBoptoBaHHA — Ha 21,5% (P<0,01). Taki 3MiH1 MOXYTb
OyT1 HacNigKOM MEHLLOTO CMOXMBAHHSA KOPMY XBOPUMM
KOpOBaMM, a TAKOX 3MiH YMCENBbHOCTI Ta PYHKLIOHYBaHHS
MiKpoopraHiamiB pyousi BHacnigok nopyLieHs Metabonia-
MY i MOrpLLUEHHS 3ararnbHOro CTaHy XBopux TBapuH. [Npo-
TeoniTMYHa aKTUBHICTb BMICTY pybList 3aMiHIOBanach npo-
TUNEXHO, TOBTO Y XBOPMX KOPIB BOHA 3pocTana. 3okpema,
B pyOLli KOpiB i3 CyOKMiHIYHM KETO30M NPOTEONiTUYHA aK-

Ta6nuus 3. A30ToBUIA Ta BYrNeBOAHWI OOMiH y BMICTi pyousi
Table 3. Nitrogen and carbohydrate metabolism in rumen content

I'pynu kopis / Groups of cows
CYOKMIHIYHMIA  KNiHIYHWIA

rlokasHvkin Gl KETO3 KETO3
Parameters i e >
SHOPOBL o\ clinical clinical
healthy " :
ketosis ketosis

IMouyamok docnidy / The beginning of the experiment

BinkoBwuiA a3oT, MMonb/n 58,45+ 52,33+ 4527+
Protein nitrogen, mmol/l 4,76 15,11 +3,18*
Mikpo6HuMI a3oT, MMonb/n 38,37+ 39,62+ 31,24+
Microbial nitrogen, mmol/I +2,65 +1,97 +2,03*
JDKK, mmonb/n 122,67+ 108,69+ 89,36+
VFA, mmol/l +9,75 6,14 +7,32**
A30T amiaky, MMonb/n 5,71+ 6,41+ 7,63+
Ammonia nitrogen, mmol/l +0,52 +0,40* +0,29**
NakTtat, Mmonb/n 4,02+ 4,59+ 5,27+
Lactate, mmol/l +0,13 +0,10* +0,06**

H 6,70+ 6,79+ 6,78+
P 0,11 0,15 0,17

Kineup docniidy / The end of the experiment

BinkoBuiA a3oT, MMonb/n 57,28+ 55,81+ 50,42+
Protein nitrogen, mmol/l +3,98 +3,14 +2,81
MikpoGHuI1 a30T, MMonb/n 36,83+ 37,55+ 35,89+
Microbial nitrogen, mmol/I +1,77 +2,05 +3,12
JIXKK, mmons/n 121,39+ 123,13+ 107,75+
VFA, mmol/l 5,87 +7,34# +4,67**#
A30T amiaky, MMonb/n 5,24+ 511+ 6,09+
Ammonia nitrogen, mmol/l +0,43 +0,29# +0,32*#
Naktat, Mmmonbs/n 4,32+ 4,65+ 4,96+
Lactate, mmol/l +0,27 +0,19 +0,06*

H 6,63+ 6,67+ 6,73+
P 0,07 0,09 0,12
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TUBHICTb Oyna BuLLO Ha 12,5% (P<0,05), a B pybLi kopis
3 KrliHiYHO hopMoto KeTody — Ha 22,4% (P<0,01) nopie-
HSIHO 3i 300pOoBUMM KOopoBamu. Lle € Hacniakom xapakrep-
HOro A1 KETO3Yy KOPIB 3pOCTaHHSA y pybLi YMCENbHOCTI
Ta aKTUBHOCTI GaKTepi rinepnpogyLeHTiB amiaky.

Y pesynbrati AogaBaHHsA 40 KOMBIKOPMY KOpiB MPoTH-
KETO3HOT 406aBKM BCTAHOBINEHO MO3VUTUBHWIA BNIMB Ha
pybueBy chepmeHTauito. MNicnsa nikyBaHHSA KOpiB i3 cyokni-
HIYHMM KETO30M LIEertoro3onitTmyHa 1 aminonitTmyHa akTue-
HOCTI pyOLIEBOI piavHM BUPIBHANACh 3 BiANOBIOHUMM MOKa3-
HMKaMW 300POBUX KOPIB, @ MPOTEONITUYHA aKTUBHICTL Byna
HaBiTb AeLo HkHOo0 (P<0,05), HiX Y KOHTPOIBHIN rpyni.

NpoTe nikyBaHHA KOpIB 3 KIiHIYHOK hOPMOID KETO3Y
Oyno He Taknm ePeKkTUBHUM. AMINONITUYHA aKTUBHICTb
B pybuUEBIN pigvHi UMX KOPIB 3anuLuanacb HKYOH Mo-
piBHSAHO 3i 30opoBuMK TBapmHamm (P<0,05), xoua byna
GinbLuUoto, HiX 0 NikyBaHHst (P<0,05). LientonosonitniHa
aKTMBHICTb PyOLIEBOI PiAnHW Nicns NikyBaHHS KIiHIMHOrO
KeTo3y byna AeLlo MEHLLO, HiXK Y KOpPiB KOHTPOSBHOI
rpynu, xoua ust pisH1LA He Byna CTaTUCTUYHO BipOTigHOHO.
[Micns nikyBaHHA NPOTEONITUYHA aKTUBHICTb PyBLEBOI pi-
OVIHV KOpIB, XBOPUX Ha CyOKNiHIYHWI KETO3, 3HN3MMack Ha
15,0% (P<0,05), a B KOpIB 3 KNiHIYHMM KETO30M — Ha-
BMaku, 3pocna Ha 5,5%, xo4a i cTaTMCTMYHO HeBsiporig-
HO MOPIBHSIHO 3 KOHTPOMLHO rPyNoto. Ha ninoniTuyHy
aKTMBHICTb AocCnigpKyBaHa Ao0aBka He BMMHYyIMa, Lew
MOKAa3HMK 3anULLIABCHA HUXXYUM MiCNA NikyBaHHA 5K Cy6-
kniniyHoro (P<0,05), Tak i kniHiuHoro ketosdy (P<0,01).

TaKkMM YMHOM, 3a MOPIBHAHHS NOKA3HUKIB pyOLIEBOi
depmeHTaUii 4o i nicnsa nikyBaHHA BUSIBITEHO 3HWDKEH-
Hs1 NPOTEONITUYHOT aKTUBHOCTI B pyOLi KopiB, Ski Manu
cy6kniHiyHMn Keto3 (P<0,01), Ta 3pocTaHHsA aminonituy-
Hoi (P<0,05) i 3aMeHLUeHHA NPOTEONITUYHOI aKTUBHOCTI
(P<0,01) B py6ui kopiB, AKvX MikyBanu Bif KNiHiYHOT op-
MW KeTOo3y. [HLWIi NokasHuKKM B pybLi KOpIB KOXHOI 3 rpyn
nicns NikyBaHHS CyTTEBO HE 3MiHIOBaruUCh.

Taky fit0o MOXXHa MNOSICHUTW MPUrHIYEHHSM XUTTE-
AnbHoCTi BakTepini-rinepnpoayLeHTiB aMiaky 6ionoriyHo
aKTMBHMMM CMONyKaMmn XMento, Hacamnepes nynyno-
HOM i ioro noxigHMMKU. MeHL iIHTEHCUBHE 3HUXEHHS
LIentoro30MiTMYHOI akTUBHOCTI, O4EBUAHO, CNIPUYUHEHE
YaCTKOBOIO i KOMMNEHCaLlieto BHACNIAOK CTUMYMOBanb-
HoOT Aaii BiTamiHy E Ha uto rpyny pybuesux 6akTepin.
3 pieto BiTamiHy E Moxe OyTu noB’si3aHe i 3HKEHHSI
NiNONITUYHOI aKTUBHOCTI.

3rigHo 3 HaBegeHVMK y Tabn. 3 AaHUMK, 3aXBOPHOBaH-
Hs1 Ha KETO3 BMMUBAE Ha IHTEHCUBHICTb | CMPAMOBAHICTb
pyOueBoi dhepMeHTaLlii, iprMYoMy 3a KriHiMHOro nepebiry
LibOro 3aXBOPHOBAHHS 3MiHM BUPaXeHi 3Ha4HO CyTTeBiLLe,
HiX 3a cybkniHiYHOT doopMun. 3a CyOKMiHIYHOIo KETO3y
OCHOBHI 0CO6nMBOCTI 0OMiHY a30TOBMX CMOMYK CTOCY-
Banuch 30iNblUEHHSA KOHLEHTpaLii amiaky B pyOuUeBin
PiauHI, sika NepeBULLyBara BianoBigHWA NOKA3HWK B pyo-
ui 3mopoBux kopiB Ha 12,3% (P<0,05). KniHiyHa dopma
KEeTo3y CyTTEBIlLe BrnuBana Ha oepMeHTaLito NpoTeiHy
Ta YTBOPEHHS MPoAyKTiB horo posnagy. KoHueHTpauis
amiaky B LbOMY BMNagKy 3poctana Ha 33,6% (P<0,01).
Mpw uboMy, Ha BigMIHY Big KOPIB 3 CyOKMiHIYHMM KETO-
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30M, 3a KIiHIYHOrO KeTo3y B pybLi 3MeHLLyBaBCs BMIiCT
6inkoeoro asoty (P<0,05), wo BigbyBanocs 3a paxyHok
MEHLLIOT KiNlbKOCTi @30Ty KNITUH MiKpoOopraHi3mis, TO6T0
3MEHLLEHHS YMCENBbHOCTI MikpobioTn pybus. Bpaxosyto-
4YM HaBedeHi y nonepenHin Tabnuui gaHi Npo 3poCcTaHHSA
B pyOLi MPOTEOMITUYHOI aKTUBHOCTI, MOXHA MPUMYCTUTW,
LLIO Lie 3BMEHLLIEHHS1 HE CTOCYBasIocs NPOTEONITUYHNX BaK-
Tepin. NpoTe, 3 iHWOoro BoKy, 3pOCTaHHA MNPOTEONITUYHOI
aKTMBHOCTI MOXe OyTu cnpuynHeHe GakTepisimu rinep-
npoayueHTaMm amiaky, ansi SKNx XxapakTepHa HeBenuka
YNCEnbHICTb 3a [yXe BUCOKOI MapOoniTUMHOI aKTUBHOCTI.

BioxuneHHsa BUsiBUNKM i y NokasHMKax BYrneBogHOMO
0OMiHY: BOHM MPOSABUINNCH Y MEHLUINA KINbKOCTi NETKMX
XUPHUX KMCIOT Ta 3pOCTaHHI KOHLIEHTpaLii MONoYHOT
Kncnotu. 3a cyBkIiHIYHOro Ta KIiHIYHOro KETO3Yy KOHLIEH-
Tpauisi NETKUX XXUPHUX KUCMOT Yy pybLi 3HWXKyBanach,
BignosigHo, Ha 11,4% Ta 27,2%. Xo4a cTaTUCTU4YHO
BipoOrigHMMM Ui 3MiHM Bynu nuwe y BUNagky KniHiYHOro
ketosdy (P<0,01), kinbkicHO 3miHM 3a CcybkniHiYHOT dop-
MW OOCTaTHbO CYTTEBI, O [O3BOMSE CTBEPAXYBATU
Npo NeBHY TEHAEHLt0. Ha >anb, M1 He Manu 3moru Bu-
3HAYUTM KOHLIEHTPALT OKPEMUX NETKMX XKUPHUX KUCIIOT,
LWo Aano 6 getanbHiwy iHOpMaLito NPO BMMNB KETO3Y
Ha depmMeHTaLjto Byrnesoais. poTe, 3 ornsgay Ha oco-
GnMBOCTI hepMeHTaATUBHOI aKTUBHOCTI B pybLi, MOXHa
3p06MTN BUCHOBOK, LLIO Y XBOPUX Ha CYOKMiHIYHWIA Ke-
TO3 KOpiB NPUrHivyBanocb Hacamnepes posLLenfeHHs
KpoxMarnto Ta LyKpiB, a B KOpPiB, XBOPUX Ha KNiHIYHWI
KeTO3, — KpiM KPOXMario Ta LyKpiB, TakoX i Lentonosu
Ta remMilentonosu.

KoHueHTpauis nakraTy 3pocna 3a 060x oopm KeTo3y;
3a cyOkniHiYHOI dhopmum BoHa Byna GinbLuoto Ha 14,2%
(P<0,05), a 3a kniHiyHOT — Ha 31,1% (P<0,01), HiX y 300-
poBux TBapWH. OTXe, HE3BAXKAKOUN HA 3HKEHHS 3ararb-
HOT aminoniTUYHOT aKTUBHOCTI B pybLi XBOpPUX KOPIB,
MOOYHOKUCNEe 6poaiHHA Y HUX NOCUNOBANOCh.

3rogoByBaHHSA IikyBarbHO-NpodinakTnyHoi Jobas-
KM BMnUHYNo Ha nepebir 6poannbHUX npouecis y pyoLi.
Y XBOpUX Ha KETO3 KOpiB, NOPIBHAHO 3 KOPOBaMM KOH-
TPOMbHOI Fpynu, BUSIBNEHO BiNnbLUy KOHLEHTpaLito ami-
aKy Ta MeHLLUY KiNbKiCTb BiflkoBoro asoty y BMICTi pyous
(P<0,05). Mpu LBOMY BaXUBO, LLO B KOPIB 3 KMiHIYHUM
KETO30M BiCYTHS! Pi3HWLA 32 BMICTOM MiKpOBHOro asory,
TOGTO NonynsAuis 6akTepin y ixHboMy pybLi BUpIBHSANAch
3i 3Ha4YeHHsM y 300poBUX kopiB. [icnsa 3rogoByBaHHS Mi-
KyBarnbHOiI 0OaBKu NOKa3HUKM pybLeBoi dhepmeHTauji
Y XBOPUX Ha CyBKniHIYHUI KETO3 KOpiB HaBbNM3NNMChb 4o
MOKa3HWKIB 30POBUX TBAPWH, TOA| SIK Y KOPIB 3 KNiHIYHWUM
KETO30M KOHLIEHTpaLlis amiaky Ta 6inkoBoro a3oTy Bigpis-
HSAMach Bif, NOKa3HWKIB 300pOBMX TBapWH. Te came CTo-
CYETBCA N NaKTaTy: MOro KOHUEeHTpaLis nicns nikyBaHHA
3MeHLwyBanach (P<0,05), ane Hagani 6yna BULLOK, HiXK
y 3goposux kopis (P<0,05).

Mwu He BMsIBUAM BipOrigHMX pPisHULb NOKasHuKiB pH
BMiCTY pybLs XBOpUX i 300pOBUX KOPIB 4O Ta nicns
nikyBaHHs1. BoveBnab, Le 3yMOBNEHO B3AaEMHOKOMIEHCa-
LiMHAMK 3MiIHAMW KOHLIEHTPALIN NETKMNX XXUPHMX KUCIIOT
i nakTaty B pyoui.
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BucHoBKku

JlikyBanbHo-npodpinakTnyHa gobaeka, gka MiCTUTb
noapiGHeHi rpaHynNu LWMLLOK XMento, BiTaMiH E Ta 3axu-
LLEHi Big po3wwennieHHs y pybLi xoniH, METIOHIH i KapHi-
TWUH, 3HKYE KOHUEHTpaLito B-rigpokcmbytupary i 36inb-
LLYE KOHLIEHTPALLjto [TFOKO3M B KPOBI KOPIB. Y KOpIB i3 cy0-
KNiHIYHOKO hOPMOIO KETO3Y HOpMani3yBanmcs NoOKasHMKM
KPOBI, @ Y XBOPMX Ha KNiHIYHWIA KETO3 KOPIB 3aXBOPHOBaHHSA
nepenLuno B cyOkniHiuHy hopmy.

Y py6Li XBOpUX Ha KETO3 KOPIB BUSIBNIEHO MPUrHIYEH-
HA aMiNOTITUYHOI | NINONITUYHOT Ta NOCUNEHHS NPOTEO-
niTMYHOT akTMBHOCTI. JlocnimKyBaHa AobaBka NpurHivye
NPOTEOMNITUYHY Ta MOCUNIOE aMiNONITUYHY | LEenonoso-
NiTUYHY aKTUBHOCTI B py6bui KopiB.

3a keT03y B pybUi KOpiB cnocTepiranu 3HWKEHHS
3aranbHOT KOHUEHTpaLii NETKMUX XUPHUX KACIOT Ta
3pOCTaHHA KOHUEeHTpaLil amiaky i nakraty. Jlikysanb-
Ha gobaBka HOpManisye BKasaHi MOKa3HWKK y KOpiIB,
XBOPUMX Ha CyOKMiHIYHMI KETO3, Ta MOKpaLLy€e CTaH KOpiB
3 KNiHiYHOIO POpPMOIO KETO3Y.
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It is known that ionophoric antibiotics regulate ruminal fermentation, improve the utilization of feed protein, and prevent the occur-
rence of ketosis and steatosis in ruminants. lonophoric antibiotics and B-acids of hops have a similar spectrum of biological activity, that
is, they inhibit the vital activity of most gram-positive microorganisms of the rumen. Bacteria, like other living organisms, need vitamin E
as an active antioxidant for cell membranes. The toxicity of tocopherol is very low, so adding it to the diet of ruminants in larger quantities
can stimulate celluloselytic rumen bacteria and compensate for the negative effect of ionophores on fiber breakdown. Since rumen bac-
teria break down a significant part of dietary choline, methionine and carnitine, ruminants must receive them in a protected form, so their
influence on rumen fermentation is insignificant. Three groups of cows of the Ukrainian dairy black-spotted breed with milk yields of 5 or
more thousand kg during the previous lactation were formed: with signs of clinical ketosis — 4 animals; with subclinical ketosis — 5 ani-
mals and clinically healthy — 5 animals. For a month, cows with ketosis were given a treatment supplement containing crushed granules
of hop cones (20 g), vitamin E (3 g), and rumen protected choline (50 g), methionine (20 g) and carnitine (1 g). Clinically healthy cows
were used as control. In the blood of cows with subclinical ketosis, the additive increased the concentration of glucose and decreased the
concentration of B-hydroxybutyrate, these indicators were within the normal range. In cows with symptoms of clinical ketosis, using of the
feed additive also reduced the concentration of 3-hydroxybutyrate (P<0.01), but it was still higher than normal. In sick cows, amylolytic
and lipolytic activity was lower than in healthy cows (P<0.05-0.01). Celluloselytic activity was lower only in cows with clinical ketosis. The
proteolytic activity of rumen content changed in the opposite way; it was higher in sick cows (P<0.05-0.01). This is a consequence of the
increase in the number and activity of hyper producing ammonia bacteria in the rumen, what is characteristic for ketosis. After treatment
of cows with subclinical ketosis, the celluloselytic and amylolytic activities in the rumen fluid were equal to the corresponding indicators
of healthy cows, and the proteolytic activity was even slightly lower (P<0.05) than in the control group. Treatment of cows with clinical
form of ketosis was not as effective, although the general trends remained. During subclinical and clinical ketosis, a greater amount of
ammonia was found in the rumen fluid (P<0.05-0.01), because of higher proteolytic activity. In both forms of ketosis, the concentration
of volatile fatty acids in the rumen decreased, and the concentration of lactate increased (P<0.05-0.01). After the treatment, these
indicators in cows with subclinical ketosis approached the healthy animals, while the condition of cows with clinical ketosis improved,
but the concentration of ammonia continued to differ from healthy animals.
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The data from literature and our own research on the chemical
and biochemical composition of muscle tissue, its biological func-
tions and nutritional value are summarized in the article. The data
on the chemical composition and nutritional value of meat of
different animal species, including beef, veal, pork and lamb
are generalized. It is shown that sheep meat is characterized by
nutritional, taste and dietary properties. In terms of biological value,
it is not inferior to beef and pork, and even superior in other re-
spects. For example, lamb contains the same amount of protein
and amino acids as beef and pork, and it contains more fat than
beef, which makes it higher in calories. Lamb is a good source
of vitamins and minerals (Calcium, Phosphorus, and Iron), and its
content of Copper and Zinc is significantly higher than that of oth-
er meats. On the global market, lamb is valued higher than other
types of meat. Carcasses of young lambs weighing 13—16 kg are
in particularly high demand. The dietary value of young lamb is
due to its protein composition, high content of vitamins A and E
and group B, lipids, in particular phospholipids. However, although
sheep meat is characterized by high nutritional and biological
properties, its disadvantage is a significant content of saturated
fatty acids, which is associated with the processes of rumen bio-
hydrogenation. Thus, the problem of increasing the proportion
of polyunsaturated fatty acids in lamb is extremely important for
human health. With this aim, various biologically active additives
are widely used in animal feeding, which can directly or indirectly
increase the content of polyunsaturated fatty acids in their prod-
ucts. In particular, antioxidants are widely used to prevent double
bond peroxidation and there by increase the content of poly-
unsaturated fatty acids in products. Rearing and fattening lambs
is biologically feasible and economically profitable until they reach
a live weight of 40-50 kg, as during this period the growth of mus-
cle tissue is the largest compared to fat deposition, and feed
consumption is the lowest.

Key words: sheep, meet productivity, biochemical com-
position, biological value, feeding, breed, crossing

Biological characteristics
of muscle tissue composition

One of the main economic characteristics of farm
animals is meatiness. Meat is an important food prod-
uct that includes muscle, connective, fat, bone and

46

cartilage tissue, blood and other substances. The
biological structure of meat varies depending on the
species, sex, breed, fatness, feeding and housing
conditions. The organoleptic characteristics of meat
include color, tenderness, aroma, taste, juiciness and
appearance.
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First of all, meat is one of the main sources of pro-
tein in the body, as muscle tissue proteins contain
highly valuable essential amino acids. The most valu-
able part of meat is muscle tissue. The yield of muscle
tissue is as follows (%): in cattle — 51-57; calves —
51-61; sheep — 55-56; pigs — up to 44% [9, 26].

On the one hand, the protein content of sheeps
largely characterizes their morphological, functional and
metabolic characteristics, and on the other hand, their
nutritional value. Proteins of muscle tissue are different in
physicochemical functions and biological properties and
are characterized by a complex structure. In the study
of muscle tissue proteins, the most important proteins
are myofibrils, nuclei, sarcoplasm and sarcolemma.

The group of sarcoplasmic proteins (soluble pro-
teins) includes myoalbumin, myoglobin, myogen, and
globulin y, which are heterogeneous systems with sim-
ilar biological and physicochemical properties. Thus,
the myogen fraction makes up about 20% of all mus-
cle tissue proteins. Myogen is identical to albumin in its
physicochemical properties, but has a globular shape and
aldolase activity. These proteins mainly perform enzymat-
ic functions related to the oxidative conversion of carbo-
hydrates into other compounds. Myogen contains all the
essential amino acid, i.e., myogen is a complete protein.

Approximately 1% of all muscle cell proteins is myo-
globin, a muscle protein. Its main function is to transport
oxygen delivered by blood cells to the enzyme systems
of cells. Myoglobin is essentially a pigment — a chro-
moprotein that contains a heme complex of ferric por-
phyrin, which gives muscle tissue its characteristic red
color. Myoglobin is characterized by a special property
of easily combining with various gaseous substances:
oxygen, nitric oxide, hydrogen sulfide, etc.

After slaughtering animals, myoglobin in the upper
layers of meat is converted into a myoglobin-oxygen com-
pound, oxymyoglobin, by adding oxygen (the reaction is
reversed), which has a bright red color. The darker color
in the deeper layers of muscle tissue is due to the pres-
ence of reduced myoglobin. During prolonged storage of
meat, oxymyoglobin is oxidized and turns into metmyo-
globin, and the meat becomes brownish-brown in color.

Globulin y makes up about 20% of all proteins and
is a mixture of proteins, some fractions of which per-
form enzymatic functions.

The structure of muscle tissue, in fact, in the wa-
ter-soluble fraction of proteins, contains myoalbumin
(1-2%). Myoalbumin is a typical albumin, but it differs
from blood albumin both in its amino acid composition
and physicochemical properties [32].

Sarcoplasmic proteins contain a small amount of
nucleoproteins, which are mainly concentrated in ribo-
somes. Their special characteristic is the presence of
the nucleic acid molecule ribose in the structure.

The biological and nutritional value of sarcoplasmic
proteins is quite high and is due to the presence of sulfur-
containing amino acids, which are known to perform
various biological functions in the human body [29].

The Animal Biology, 2023, vol. 25, no. 1

Myofibrillar proteins consist of myosin, actin, actomyo-
sin, tropomyosin, etc. In fact, myofibrillar proteins deter-
mine the nutritional and biological value of meat due to
their high content of essential amino acids [32, 47].

Myosin is the most valuable protein in muscle tissue
in terms of biological properties (40% of all proteins).
However, it is difficult to isolate this protein from muscle
tissue because it interacts with other structural myofibril-
lar proteins and with various ions: in particular, Calcium,
Potassium, and Magnesium, and also interacts with ADP
and ATP. The structure of the myosin molecule contains
approximately 5000 residues of essential amino acids.
One myosin molecule can bind three molecules of ADP
or two molecules of pyrophosphate.

Myosin is located in the cell in a complex with lip-
ids — with cholesterol. As an enzyme, myosin catalyzes
the conversion of adenosine triphosphoric acid to ad-
enosine phosphoric acid and phosphoric acid with the
release of water and a large amount of energy, which is
necessary for the functioning of muscle fibers [16].

Actins are proteins that form the cytoskeleton of
cells. Actin exists in two forms: globular — G-actin (ball-
shaped molecules) and fibrillar — F-actin (elongated
molecules), which differ in their physical and chemical
properties. In a living muscle fiber, at rest, actin is in
a fibrillar form and it is possible for fibrillar actin to turn
into globular actin, a reversible reaction. The amino acid
composition of actin is characterized by a significant pro-
line content, which prevents the formation of an a-helix.
It is impossible to isolate actin by conventional methods,
such as extraction with water or salt solutions, so actin
is classified as a stromal protein.

A very important compound is actomyosin, a com-
plex of actin and myosin proteins that form the basis of
the contractile filaments of muscle fibers. The character-
istic biological functions of actomyosin are its interaction
with adenosine triphosphoric acid and magnesium ions.

About 10—12% of myofibril protein, or 2.5% of the total
muscle tissue protein, is tropomyosin. This is a complicat-
ed structural protein complex of myofibrils consisting of
two proteins: tropomyosin B and troponin, which is solu-
ble in water but is released from muscle tissue only by salt
solutions with high ionic strength. The tropomyosin B-tro-
ponin complex is bound to thin filaments of myofibrils by
the protein actin. The main function of tropomyosin during
muscle contraction is to transport calcium ions.

Other water-soluble proteins have been isolated from
myofibrils, such as a- and B-actinins in small amounts,
which are components of Z-membranes.

The nuclei of muscle cells are constructed mainly of
nucleoproteins, which make up about 50% of dry matter.
Nucleoproteins are extracted with alkalis or sodium chloride.
The structure of nuclear nucleoproteins includes de-
oxyribonucleic acids.

Histones are protein components of nucleoproteins
that contain diamino acid molecules, arginine and lysine,
which create an alkaline character. In addition to nucleo-
proteins, the nuclei of muscle cells contain the so-called
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“acidic protein” (about 30-50% of the dry matter of the
nucleus), the molecular structure of which contains
the essential amino acid tryptophan (2.5%) [6].

Thus, the nuclei of muscle cells contain at least three
protein fractions — nucleoproteins, acidic and resid-
ual proteins.

The sarcolemma is a slim, elastic membrane that
covers each muscle fiber and consists of membranes.
In addition to proteins, the membranes contain phos-
pholipids, which play a determinative function in the
permeability of the membrane. Phospholipids consist
of: sphingomyelin, phosphatidylethanolamine, phospha-
tidylcholine, phosphatidylinositol, lysophosphatide, and
phosphatidylserine in approximately identical amounts.
The surface of the sarcolemma is covered with connective
tissue fibers, which consist of proteoids — connective tis-
sue proteins: collagen, reticulin, and elastin, and in the
intercellular space of muscle fibers there are mucoid
proteins and mucins that perform protective functions
and reduce friction of muscle bundles.

The muscles of young intensively growing animals
contain more elastin and collagen. With an increased lev-
el of fattening, as well as with an increase in fat content
in meat, the proportion of connective tissue proteins
decreases [6, 22].

Stromal sarcolemmal proteins, unlike myofibrillar
and sarcoplasmic proteins, contain mainly nonessential
amino acids, so their nutritional and biological value, as
well as digestibility, are low. With the age of animals, the
content of stromal proteins increases, and the quality of
meat decreases accordingly. The collagen molecule con-
sists of about 50% glycine, proline and oxyproline, with
small amounts of tyrosine and methionine, and does not
contain cysteine, tryptophan and cystine. Elastin contains
more glycine and much less proline and oxyproline [47].
The nutritional value of meat is determined by the amino
acid index (“quality protein index”), the ratio of tryptophan
(the most complete muscle tissue protein) to oxyproline
(inferior connective tissue proteins) [15]. The higher index
means higher quality of meat.

On the outside of the sarcolemma, as well as in the inter-
muscular spaces, there is a nervous apparatus of cells with
nerve fibers, consisting of neurokeratins and lipoproteins.

The percentage composition of muscle tissue proteins
is as follows: myosin — 35; myogen — 20 and globulin —
20; actin — 15; other proteins — 10 [29].

Lipids, along with proteins, play an important role in
the structure of skeletal muscle, which, on the one hand,
are structural units (cholesterol, phospholipids), and on
the other hand, are depots of the necessary metabolic
energy (triacylglycerols) [49].

Glycerophospholipids in myofibrils (sarcoplasmic re-
ticulum) catalyze the activity of many enzymes. Sarco-
lemmal membranes also contain glycerophospholipids.
Their qualitative composition does not differ from that of
glycerophospholipids in subcellular structures. However,
the total content of phospholipids in the membrane is
lower than in mitochondria.
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The main sources of polyunsaturated fatty acids are
skeletal muscle phospholipids, which have a wide range
of biological effects in the human body, and their quanti-
tative content in meat affects its nutritional and biological
value. In fact, lamb is the richest in phospholipids [26].

The sarcoplasm of muscle tissue contains reserve lip-
ids at the mitochondrial poles in the form of small droplets.
In addition, reserve lipids are found in significant amounts
in intercellular spaces, between muscle fiber bundles in the
connective tissue layers. The quantitative content of triacyl-
glycerols in muscle fibers differs depending on the species
of animal. During intense work, the content of reserve lipids
in the intercellular spaces is reduced to a minimum.

In addition, ethanol glycerophosphatides, cholines-
terase phospholipids, sphingomyelin plasmogens, etc.
have been isolated from muscle tissue glycerophos-
phatides. In fact, these lipid fractions are characterized
by a higher content of unsaturated fatty acids (65—75%)
than glycerophosphatides of other tissues. The quanti-
tative content of glycerophosphatides in muscle tissue
is 0.2—1.0% [40].

Muscle tissue contains unesterified and esterified
cholesterol from sterols (as a percentage of dry tissue):
0.8% in smooth muscle, 0.5% in cardiac muscle, and
0.3% in skeletal muscle. Attention should be paid to the
unique feature of cholesterol-protein complexes in mam-
malian muscle tissue, due to the strong bond of choles-
terol with proteins. Depending on the type of animal, age,
sex, state, feeding and housing conditions, the total lipid
content in muscle tissue, as well as their structural com-
ponents, varies significantly.

Lipids provide high caloric value, tendemess, and fla-
vor of meat, but excessive amounts of them in any meat
lead to a decrease in the proportion of protein and, in fact,
to a decrease in its nutritional and biological value. Fats
from different animal species differ little in caloric content,
but they differ in digestibility. Pig fat (96—98%) and beef fat
(96—98%) have the highest digestibility, while lamb fat
is less digestible (80-90%) [44].

An important energy component and one of the main
carbohydrates in muscle tissue is glycogen, which is used
during muscle work and stored at rest. During intense
muscle work, glycogen is broken down anaerobically
in glycolysis to form lactate. The quantitative content
of glycogen in muscle tissue depends on the physiological
state of the animals, age and fatness. The glycogen and
glucose content in muscle tissue samples immediately
after slaughter is as follows: 0.3-0.9% (sometimes 2.0%)
and 0.05% glucose. In the subsequent post-slaughter pe-
riod, muscle tissue glycogen conversion is the root cause
of many further biochemical transformations [40].

Non-protein compounds of nitrogen-containing sub-
stances in muscle tissue also perform specific functions
in the process of metabolism and energy: adenosine
triphosphoric acid, carnitine, creatine, carnosine, anser-
ine, creatine phosphate, purine bases, free amino acids
(intermediate products of protein metabolism), as well
as uric acid, urea and ammonium salts (which are their
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final breakdown products). Extractive substances are im-
portant for characterizing the nutritional value of meat, as
they have aromatic, flavor, and biologically active proper-
ties and actually give the meat broth a specific smell and
taste [36]. The content of non-protein nitrogen in muscle
tissue samples immediately after slaughter contains 0.3%
of non-protein nitrogen, based on wet weight (1.2%
on dry weight).

Muscle tissue performs its functions (locomotive,
support, protective, heat exchange, blood and lymph
circulation, respiratory movements, communication,
and contraction of internal organs — gastrointestinal
tract, bronchi, genitourinary system) due to the specific
activity of enzyme systems. Skeletal muscle has high
ATPase and glycolytic activity [43, 51].

The sarcoplasm (matrix) contains many enzymes for
the synthesis of proteins, lipids, and polysaccharides.
The mitochondria are responsible for the aerobic (oxy-
gen) oxidation of metabolic products — the Krebs cycle
and the chain of electrons transport. However, different
muscle fibers, depending on their functional characteris-
tics, are characterized by different concentrations of en-
zyme systems that catalyze anaerobic and aerobic con-
version. Red muscle fibers are characterized by a higher
content of mitochondria than white muscle fibers; this
indicates that there are 6 times more active respiratory
enzymes in red muscle fibers than in white ones.

The nuclei of muscle cells contain glycolytic, hydrolytic
and oxidizing enzymes, as well as enzymes for program-
ming the synthesis of nucleic acids (DNA polymerase and
RNA polymerase).

The organoleptic characteristics of meat include ap-
pearance, color, tenderness, juiciness, aroma, and taste.
The quality of lamb depends significantly on the age of
the animal, sex, housing conditions and physiological
state. Lamb, compared to mutton, contains more protein
and water, less fat [46]. The difference in meat quality
between a 5-month-old lamb and an adult sheep is much
greater than between meat from pigs of the same age
range. According to the age of the slaughtered animals,
lamb is divided into three categories: lamb, young lamb
(meat of animals up to one year old) and mutton. The first
two categories are considered dietary meat, and all mut-
ton must be processed.

There are the following generally accepted classifica-
tions of meat by animal type (beef, pork, lamb), sex, age,
and thermal condition (steamed, chilled, frozen).

As noted below, depending on the type of animal, sex,
housing conditions, and their fatness, the composition of
meat varies significantly. The smallest changes are no-
ticeable in the mass fraction of protein, which is the most
valuable component of meat, as well as minerals, and the
largest changes are in the mass fractions of water and
fat. For example, meat from fattened pigs has more than
35% fat, while meat from underfed calves has about 1%,
and sheep — up to 26%.

Although lamb is characterized by high nutritional and
biological properties, its disadvantage is the high content

The Animal Biology, 2023, vol. 25, no. 1

Table 1. Composition and nutritional value of meat
of different animal species

Chemical compostion, % Energetic value of 100 g
water protein fat mineral kCal kJ
Beef 55-69 16.2-19.5 11-28 0.8-1.0 180-320 750-1340
Veal 68-70 19.1-194 5-12 1.0-1.3 140-190 580-790
Pork 49-58 13.5-164 25-37 0.7-0.9 300-390 1250-1630
Lamb 48-65 12.8-18.6 16-37 0.8-0.9 220-380 920-1590

Meat

of saturated fatty acids. Due to hydrogenation processes,
less than 1.8% of polyunsaturated fatty acids reach the
small intestines [33].

Plant feeds contain a large amount of polyunsaturated
fatty acids, in particular, linoleic and linolenic acids,
Cis-double bonds of these acids are toxic to rumen bacte-
ria that hydrogenate them, as a result of which the organs
and tissues of ruminants contain a large amount of stearic
and oleic acids and a small amount of polyunsaturated
fatty acids [13, 30, 48]. At the same time, some trans-
isomers of oleic (trans-11) and linolenic (cis-9, trans-11)
acids synthesized in the processes of rumen biohydroge-
nation have biological activity that partially compensates
for the deficiency of polyunsaturated fatty acids of the w-3
family [2, 11, 13, 30].

Thus, the problem of increasing the proportion of poly-
unsaturated fatty acids in sheep meat is quite important
for human health. With this aim, various biologically active
additives are widely used in animal feeding, in particular
ruminants, which can directly or indirectly increase the
content of polyunsaturated fatty acids in their products.
In particular, antioxidants are widely used to prevent
double bond peroxidation and thereby increase the con-
tent of fatty acids in products [21, 24, 48].

Lipids present in the diet of animals also affect the
composition of fatty acids, as they reduce the processes
of biohydrogenation, which increases the content of poly-
unsaturated fatty acids in the fat of these animals [27, 41].

For example, the introduction of high doses of a-tocoph-
erol into the diet activates the synthesis of trans-11-18:1
and cis-9, trans-11-18:2 fatty acids in the rumen, and also
leads to a decrease in the formation of trans-10-18:1 and
trans-10, cis-12—18:2 fatty acids [3, 4, 12], and the addition
of selenium salts and vitamin E (0.5 and 300 mg/kg in terms
of dry matter of feed) changes the fatty acid composition
of skeletal muscle by increasing the content of unpaired,
polyunsaturated, branched and trans-11 fatty acids [3].

There are contradictory data in the literature regarding
the influence of nutritional factors and breed characteris-
tics of sheep on the content of total lipids and their indi-
vidual components (phospholipids, sterols, fatty acids) in
muscle and adipose tissue. In particular, Sosta R. G. et al.
showed that the content of saturated (C12:0, C14:0, C18:0,
C20:0) and monounsaturated fatty acids increased
in the longest muscle of lambs fed a high energy diet
compared to a low energy diet. Different genotypes were
also characterized by different contents and ratios of sat-
urated and unsaturated fatty acids. At the same time, diet
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and genotype did not affect cholesterol levels [10]. Similar
results were obtained by other researchers [25]. In partic-
ular, Auroussean B. et al. (2007) noted that lambs kept on
pasture had a better fatty acid profile due to higher con-
centrations of conjugated linoleic acid (C18:2 — CLA),
C18:3 n-3 and C18:2 n-6 [1]. However, Bonagurio S.
et al. obtained the opposite effect in experiments on Texel
lambs fed different diets [8].

The influence of various factors
on the formation of sheep meat productivity

The meat productivity of sheep is determined by many
factors, among which genetic and organizational and
economic factors are the most important.

In particular, different sheep breeds differ significantly
in terms of meat productivity. For example, Askanian
crossbreds (early maturing meat and wool sheep) are
significantly superior in meat quality to Tsygai and thin-
fleshed sheep. Precos and Askanian fine fleece sheep
produce wool of low tone. However, Precos sheep have
a better meat productivity, characterized by higher slaugh-
ter yield, higher meat content, meat with higher moisture
and fat content, which makes it juicier and fattier.

It is characteristic that in sheep, wool and meat pro-
ductivity are interrelated, but have a significant opposite.
If the result of the breeding process is high woolenness,
the development of meat qualities is usually reduced and
vice versa. At the same time, bred meat and wool sheep
with crossbred wool (early maturing) combine high wool
and meat productivity well [9].

Table 2. Amino acids composition of different animal species meat

Amino acids Meat Beef Pork Lamb
Essential aminoacids, % to total protein
Arginine 6.6 6.4 6.9
Valine 5.7 5.0 5.0
Histidine 29 3.2 2.7
Isoleucine 51 4.9 4.8
Leucine 8.4 7.5 7.4
Lysine 8.4 7.8 7.6
Methionine 2.3 2.5 2.3
Threonine 4.0 5.1 4.9
Phenylalanine 4.0 41 3.9
Tryptophan 1.1 1.4 1.3
Nonessential amino acids, % to total protein
Alanine 6.4 6.3 6.3
Aspartic acid 8.8 8.9 8.5
Glycine 7.1 6.1 6.7
Glutamic acid 14.4 14.5 14.4
Proline 54 4.6 4.8
Serine 3.8 4.0 3.9
Tyrosine 3.2 3.0 3.2
Cystine 1.4 1.3 1.3
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Crossbreeding methods (related and unrelated) are one
of the most important factors in increasing the productivity
(meat and wool) of sheep. Thus, in the case of unrelated
crossbreeding (outbreeding) of ewes of fine-fleeced breeds
with rams of semi-fine-fleeced breeds, the resulting off-
spring have 4-8% more live weight than the offspring from
fine-fleeced ewes, a higher slaughter yield by 1—-1.5% and
a higher meat content by 0.4—1.0%. Even better results are
obtained by crossing three or more breeds [15, 41, 44].

The type of animal constitution is one of the most
important factors affecting the productive qualities of an-
imals, including sheep. Animals of different constitutional
types (strong, dense, coarse, delicate, loose) differ signifi-
cantly in constitutional strength, exterior and interior indi-
cators, productive and adaptive factors [31, 34]. Sheep of
each type of constitution are characterized by peculiar-
ities of wool and meat productivity and their reproductive
capacity. The integral indicator is the meat productivity of
sheep, in fact, the quality composition of meat. It has been
established that when comparing the productivity (of dif-
ferent constitutional and productive types) of Askanian
fine-fleece sheep, the most valuable in terms of biological
indicators is the meat of lambs of coarse constitution type,
due to the best protein-fat ratio (2.06 : 1.0), the highest
content of total proteins (19.99%), in fact, the y-globulin
fraction, the lowest amount of unesterified cholesterol
(10.52%), the optimal content of total lipids (9.72%),
with a higher amount of phospholipids (24.21%) [38].

It is known that the biosynthesis of proteins plays a key
role in the growth of animals, including sheep, with a con-
tent of up to 75% in terms of dry matter of skeletal muscle.
Animal skeletal muscle consists of white and red muscle
fibers. Static muscle is dominated by white muscle fibers,
and dynamic muscle is dominated by red muscle fibers.
Dynamic and statodynamic (shoulder, large round, pelvic,
sacral) muscle fibers are thin slim-fiber, they contain more
complete proteins and less incomplete proteins [22]. The
skeletal muscles of sheep of different ages contain (based
on raw weight): protein — 16.0—-23.0%; lipids — 2.0-5.0%;
carbohydrates — 0.5-3.5%; extractable nitrogenous
substances — 1.0-1.7% and minerals — 0.8—1.8%.

High protein content and an optimal ratio between the
content of essential and nonessential amino acids ensure
high nutritional value of any type of meat. According
to some authors, the amino acid composition of beef,
pork and lamb meat is almost similar [15].

Mineral and vitamin composition of meat is important
for its biological value. It is known [14] that lamb is a good
source of B vitamins, in particular, biotin, thiamine and nic-
otinic acid, B,, but is somewhat inferior to pork and beef
in terms of pantothenic acid and vitamin Bs;. Sheep meat
contains (mg%): biotin — 5.9; nicotinic acid — 4.3-5.2;
B, — 2.5; pantothenic acid — 0.58; B — 0.29; ribofla-
vin — 0.18-0.22; thiamine (B,) — 0.13-0.16; folic acid —
0.07-0.09. Meat vitamins are characterized by relative
stability and are not destroyed during heat treatment.
Boiled meat retains up to 75% and 45-60% of vitamin Bs.
Vitamin B, is the most resistant to heat treatment [14].
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Meat contains virtually no vitamin C, and small
amounts of fat-soluble vitamins A, D and partially vi-
tamin E. There is a pattern that the more fat the meat
contains, the higher content of fat-soluble vitamins and
the lower content of water-soluble vitamins.

There are almost no differences in the content of Iron,
Phosphorus and Calcium in meat samples from different
animal species. Among the peculiarities, it can be noted
that the hind part of lamb is the richest in Phosphorus,
Copper and Zinc [14].

The color of meat directly depends on the presence of
the pigments myoglobin and hemoglobin. However, the
color of meat is also influenced by the sex of the animal,
the type of feeding and housing conditions. Meat from
young animals is pale pink in color, while meat from older
animals is dark red. It should be noted that the meat of
sheep is less intensely colored than that of rams. During
the stall period, when the animal receives less green feed,
its meat is lighter. When sheep are kept at pasture, they
move nore, their meat is darker in color and has better
flavor. If there is a deficiency of Fe in the feed, the meat
has a less intense color.

The age and sex of animals, muscle load, fatness,
the ratio of elastin to collagen, and marbling (connec-
tive tissue content, thickness of muscle fibers) affect
the tenderness of meat. In fact, the specific flavor of
lamb is given by hirsinic acid.

The influence of individual feed components
on sheep productivity and quality

The cost of feed determines the unit cost of production
by 58—60%, so the issue of reducing the cost of produc-
tion is an urgent task in the sheep industry by taking into
account the needs of animals for the necessary nutrients
and biologically active substances, taking into account
their availability in feed and the availability of eating,
assimilation and transformation into products.

First of all, it is of particular importance to provide
complete protein in animal feeding. The biosynthesis of
proteins in the body is continuous, which makes it pos-
sible to renew the proteins of animal tissues. Proteins
perform a number of vital functions: protective, ener-
getic, catalytic, transport, hormonal and immune. It has
been proven that protein deficiency leads to a decline
in nutrient metabolism and an increase in feed costs
per unit of production, delayed growth and devel-
opment of animals, and a decrease in reproductive
function [5, 7, 39, 44, 49].

Animal rearing conditions have a significant impact
on the quality composition of fatty acids in meat. For ex-
ample, lambs raised in pasture type of housing produce
meat that is biologically healthier for the consumer than
those raised in stall housing. This is manifested in higher
concentrations of conjugated linoleic acid (C18:2 — CLA),
linoleic acid (C18:3 n-3), long-chain fatty acids n-3 and
higher ratios of C18: n-6: C18:3 n-3 [1].
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Vegetable feed for ruminants is the main source of
feed protein. For animals, their share in the total protein
balance is 94—95%, of which 60—70% is accounted for by
grain and forage crops and 25-30% by pasture, haylage,
and crop processing products [17, 35, 50].

The literature shows that in different regions of
Ukraine, the protein deficit in feed is 25-35%, which leads
to a deficit of many macro- and microelements, vitamins,
and amino acids [20, 23, 28].

Sheep are grazing animals that are well-adapted
to eating large quantities of plant fodder, which is the main
source of feed protein. However, vegetable feeds are not
always able to provide the animal body with all the neces-
sary biologically active nutrients. Of particular importance
for sheep, as deficient nutrients, along with the general
components of nutrition (protein, energy, carbohydrates),
are the macronutrient Sulfur and sulfur-containing amino
acids — methionine and cystine, which have a stimulat-
ing effect on the growth and development of animals, im-
prove the quality of wool and meat products [37]. In our
experiments, which were conducted on Askanian fine-
fleshed lambs of the Taurian type, it was found that the
longest back muscle of 4-month-old animals, compared
to 5-month-old animals, contained a greater amount of total
phospholipids due to a higher content of nitrogen-contain-
ing fractions, in particular, phosphatidylethanolamine and
phosphatidylcholine, which are metabolically active com-
ponents of cell membranes, which, in turn, may indicate
an increase in the intensity of metabolic processes in
them, as well as better nutritional and biological value of
such meat [40]. The longest muscle of younger animals
had a lower content of total fat (by 1.74%) and dry matter
(by 1.08%), but contained a higher amount of soluble pro-
teins due to a higher content of B- and y-globulins. Neverthe-
less, the muscle tissue of 5-month-old lambs contained
a significant amount of prealbumin and albumin fractions.
Summarizing, it can be concluded that the nutritional and
biological value of lambs meat of 4 months of age is better
compared to the meat of lambs of 5 months of age [18,
40]. The addition of the essential amino acids methionine,
lysine, and a salt of the macronutrient Sulfur to the diets
of young sheep had a positive effect on the biological
value and biochemical composition of muscle tissue by
increasing the content of proteins, in particular, albumin
and phospholipids [19]. It should also be noted that the
differences in average daily live weight gain in animals
of the experimental groups were 17.3-29.5% higher
compared to the control group [42].

Conclusions

From the above review, it can be concluded that
sheep meat is characterized by high nutritional, taste
and dietary properties due to the balanced content of
high-quality proteins, minerals and vitamins, and there-
fore lamb meat is valued higher on the world market
than meat of other animal and poultry species.
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Meat productivity of sheep is determined by many

factors. Among them, genetic and nutritional factors
are the most important. It is especially important to pro-
vide sheep with adequate protein, since its deficiency
leads to a decrease in growth, reproductive function,
and increased feed costs per unit of production.
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"IHcTuTyT Gionorii TBapuH HAAH,

Byn. B. Ctyca 38, m. JlbBiB, 79034, YkpaiHa, inenbiol@mail.lviv.ua
2KamsiHeLb-lMoginbCbkMin HalioHanbHUI yHIBepcUTET iMeHi IBaHa OrieHka,
Byn. IBaHa OrieHka, 61, M. KaMaHeub-lNoainbcbkuii, XmenbHuubka o6n., 32300, YkpaiHa

Y3aranbHeHo AaHi nitepatypu i BmacHWX JocnigXeHb Npo XiMiYHWUiA | BioxiMiuHWIA cknag M’A30B0i TKaHWHMK, 1T BionorivHi gyHKLii Ta
XapyoBy UiHHICTb. lMpeacTaBneHo y3aranbHeHi AaHi WoaAo XiMiYHOro cknaay i NOXMBHOI LIHHOCTI M'sica pisHUX BUAIB TBapuH, 30Kpema
ANOBUYMHW, TENATUHW, CBUHUHU Ta 6apaHunHK. [NokasaHo, Lo M'SICO OBeLb XapaKTEKPU3YETbCA MOXMBHUMMW, CMAKOBUMM | AIETUHHUMU
BMacTMBOCTSIMM; 3a BiornorivyHO LiHHICTIO He MOCTYMAaETbCA ANOBUYMHI | CBUHWHI, @ 3a IHLUMMW NOKa3HMKaMM HaBiTb NepeBaxac ix. Y 6apaHuHi
MICTUTBCSI TaKa X KinbKiCTb NMPOTEiHY 1 aMiHOKUCIOT, SiK i B ANIOBUYMHI Ta CBUHWHI, @ XWpY Y Hili Binblue, HiX y SNoBUYMHI, TOMy GapaHuHa
€ KanopinHiwoto. BoHa € 4obpum pkepernom BiTamiHiB, MiHepanbHuX enemMenTiB (Kanbuito, Pocdopy, Pepymy), a 3a BMicTom Kynpymy Ta
LinHKy BOHa 3Ha4HO NepeBaXkae iHLLI Buay M’'sica. Ha CBITOBOMY PUHKY SrHATUHA LiHUTLCS BULLIE, HIX iHLWI Buam m’'sica. Ocobnmeo BUCOKUI
nonuT Ha TyLwi MonogdHsAKy 13—16 kr. [ieTUYHICTb MONOAOI ArHATUHM 3yMOBIeHa i NPOTETHOBUM CKINagoM, BUCOKUM BMICTOM BiTaMiHiB A
i E Ta rpynu B, ninigis, 3okpema docdoninigis. LLlonpaBaa, xo4a M'co oBeLpb i BiA3HAa4YaETbCA BUCOKMMUN XapHoBMM Ta GionoriyHmm
BMACTMBOCTSIMU, HEAOMIKOM MOr0 € 3Ha4YHWIA BMICT HACUYEHWNX XXUPHUX KUCHOT, LLO MOB’SA3aHOo 3 npouecamu pybuesoi GiorigporeHisadii.
Omxe, npobnema 36inbLUeHHs y BapaHnHi YacTkv NONIHEHACUYEHWX XUPHUX KUCTOT € Haf3BMYaliHO aKTyarnbHOK AN 300pOB'a MNoaei.
3 uieto MeToo Yy roliBni TBAPUH LUMPOKO 3aCTOCOBYHOTH Pi3Hi BionoriyHO akTVBHI fo0aBKK, 30aTHI NPSIMO YM OMOCEpPEeaKOBaHO BNMBATU
Ha 36inbLUEHHs BMICTY NOMNi HEHACUYEHUX XUPHUX KUCINOT Y IXHi NpoaykKuii. 30kpema, LUMPOKO 3aCTOCOBYOTbCA aHTUOKCUAAHTH, SKi
3anobiratoTb NEPOKCUAHOMY OKUCHEHHIO NOABIMHUX 3B’A3KIB | TUM CaMUM 36iMbLUYOTb BMICT MNONIHEHACUYEHNX XXUPHUX KUCTIOT Y NPOAYKLi.
BupoLyBaHHs i Bigrogiento ArHsT 6ionoriyHo AOoLINbHO 1 EKOHOMIYHO BUMAHO NPOBOAUTY A0 OOCATHEHHS HUMM Macy Tina 40-50 kr, no3asik
y Len nepiog NpupicT M’A30BOT TKAHWHWN HaNBINbLUMI NOPIBHAHO 3 BigKNa4aHHAM XWpY, @ BUTPATU KOPMIB — HaWMEHLLI.

KniouoBi cnoBa: BiBUj, M’SiICHa NPOAYKTUBHICTb, BioXiMiuHMIA cknag, GionoriyHa UiHHICTb, rogiBns, nopoaa, CXpeLLyBaHHSA

Stapay PV, Tiutiunnyk OS, Stakhiv NP, Pakholkiv NI. Biological features of meat productivity formation in sheep.
Biol. Tvarin. 2023; 25 (1): 46-53. DOI: 10.15407/animbiol25.01.046.



Hawwi roBinspu

Hapopuscs B ¢. 3aripoyko KugadiBcbkoro p-Hy J1bBiB-
CbKoi 06n.

Y 1985 p. 3akiHuuB JIbBiBCLKUI OpAeHa Tpyaosoro HYepso-
Horo lMpanopa 300BETEPUHAPHUIA IHCTUTYT 3a crewianbHICTO
«BeTtepuHapis».

Y BepecHi-oBTHi 1985 p. npavutoBas Ha nocagj BeTepuHap-
HOro nikaps konrocny iMeHi NeTpoBcbkoro Jltobapcekoro p-Hy
Xutomunpcbkoi obn.

IMicna cnyx6u B apmii 3 1988 no 1989 p. obiimas nocagn
CTapLUOro BeTnikaps Ta MOMOALLIOrO HAayKOBOrO CriBpoBiTHUKA
HaykoB0O-BMpOBHUYOro LeHTPy TpaHcnnaHTauii embpioHiB
npu JIbBiBCbKOMY 06nMnemMo6’eqHaHHi.

3 1990 no 1993 pp. HaB4aBCA B acnipaHTypi B YKpaiHCbKo-
My HayKOBO-AocnigHoMy IHCTUTYTI chisionorii i Bioximii cinbCbKo-
rocnofapcbkux TBapwWH (3 BiApMBOM Bif BUPOOHMLTBA).

3 1993 no 1999 pp. obitmaB nocagy 3aBigyBaya CEKTO-
pa peabiniTauii kopiB-goHopiB nabopatopii TpaHcnnaHTawii
emOpioHiB J1bBiBCbKOro 6ioTexHoNoriYHoro LeHTpy — diniany
IHCTUTYTY po3BeaeHHs Ta reHeTVkM TBapuH YAAH.

31999 no 2019 pp. — 3aBigyBay naboparopii bioTexHonorii
IHcTuTyTY Gionorii TBapuH HauioHanbHoi akagemil Hayk YkpaiHu.
32019 p. NOHWHI — 3acTynHWK anpekTopa IHcTuTyTy Gionorii
TBapuH HAAH 3 iHHOBaLiNHO-HayKOBOI QiSANbHOCTI.

Kpim Toro, 32012 no 2013 pp. npautoBaB Ha nocagi npo-
decopa kadenpv akyLepcTsa, rMHEKONorii Ta penpoayKTUBHOI
bioTexHonorii TBapuH J1bBIBCbKOro HaLioOHanbHOro yHiBep-
CUTETY BETEpMHaApPHOI MeauLUMHN Ta GioTexHonorii imeHi
C.3. IMLBLKOrO (33 CYMICHULITBOM).

Y 1994 p. 3axuCTVB KaHAMAATCLKY AncepTaLito y JTbBiBCbKiN
akageMii BeTeprHapHOi MeavUuHU Ha Temy: «[1pXMBRAEHHS
TPaHCMIaHTOBaHNX eMOPIOHIB 3anexXHO Big (yHKUiOHaNbLHO-
ro CTaHy CTaTeBWX OpraHiB Tenuub-peuunieHTiB». Y 2009 p.
M. M. LlapaHy NpMCBOEHO BYEHE 3BaHHS CTAPLLIOrO HAayKOBOIO
cniBpobiTHYKa. Y 2010 p. BiH 3aX1CTVB AOKTOPCHKY AMCEPTaLLii0
B IHcTUTYTI Bionorii TBapuH HAAH Ha Temy: «EkcnepymeHTans-
He o6rpyHTYBaHHs Ta BAOCKOHANEHHS METoAiB TpaHCnaH-
Tauii i KpiokoHcepBaLii embpioHiB Benukoi poratoi xynobu».
Y 2015 p. nomMy NpUCBOEHO BYEHE 3BaHHA nNpodecopa 3a
cnevjanbHicTio «BioTexHonoria.

OcHoBHi HanpsAMu HaykoBux gocnimpkeHbs M. M. Lapana
NnoB’A3aHi 3 KOMMMAEKCHUMW AoCAigXEHHAMMN di3ioNoriYyHmnxX
i BioxiMiYHMX NpoLeCiB B opraHiami Ta CTaTeBUX opraHax TBapuH
Ta po3poBNEHHSIM BiOTEXHOMNOTIYHNX METOAIB NiABULLEHHS
BiATBOPHOI (pyHKLi BENWMKOT poraToi Xyaobu, cBUHeN, oBeLb,
a TaKkoX 3'siCyBaHHSAM BNMBY 6ionoriYyHO akTUBHMX PEYOBUWH
Ha cpigionoro-GioximiyHi MpoLecK, 3anmnigHEHHS | paHHii emopi-
OHarbHWN PO3BUTOK 3a YAOCKOHANEHHs KPIOKOHCEPBYBaHHA Ta
LUTYYHOTO OCIMEHIHHSI TBApWH, LLO Aa€ MOXIMBICTb po3pobuTy
cnocobu NiaBULLIEHHS 3annigHEHOCTiI Ta 3MEHLLEHHS eMbpio-
HarbHOI cMepTHOCTI. BiH po3pobuB | TeopeTnyHO obrpyHTyBaB
TEXHOOril TpaHcnnaHTaLii eMOPIOHIB, LUTYYHOrO OCIMEHIHHS
KOpiB-A0OHOPIB, KPIOKOHCEPBYBaHHSA eMOpIOHIB, 30Kpema Haa-
LUBUAKOMO 3aMOpOXyBaHHsi abo BiTpudikaLlii, a Takox metoam
CTUMYNAUIT cTaTeBOl OXOTU OBELb Ta NiABULLEHHS 3annigHto-
BanbHOI 30aTHOCTI CnepMiiB KHypiB | 6apaHiB.

LlWapaHy Mukoni Muxamnnosuyy — 60!

3 6epe3Hsi 2023 poky
O0KMOpY CinbCbKo20ocnodapChbKuUx HayK, rpogecopy,
84YEHOMY y 2arny3i meapuHHuUYUmea 3i crieujiaribHocmi «6iomexHoroaisi»,
3acmyrnHuUKy odupekmopa 3 iHHo8auiliHo-HayKoeoi QisifibHocmi
IHcmumymy 6ionoaii meapuH HAAH
WapaHy Mukoni Muxatnogu4y surogHusnocsi 60 pokie

M. M. WapaH gocnigns eheKTUBHICTb 3aCTOCyBaHHS roHa-
[OOTPONiHIB y Cknagj ninocomansHoi emyrnbcii Ans iHAyKLUii cynep-
OBYysiLii y KOPIiB-AOHOPIB. 3'ACOBaHO BrnMB 6ionoriyHo akTUBHMX
PeYoBYVH (eCcTpodbaHy, iHO3MHY, YHITIOMy, MMyTaTioHy, L-umcreiHy),
BBEAEHWX 3i cnepmoto Byrais, Ha 3annigHeHICTb Ta AKiCTb emopi-
OHiB KOPIB-4OHOpIB, @ TaKOX KPIONPOTEKTOPHI BNAcTUBOCTI MEMO-
paHocTabinisyBanbHNX peqYoBuUH (iHCOMBITY, NIHONEBOI KUCMOTU
Ta XOnecTepory) 3a HagLBMAKOrO 3aMOPOXYBaHHS eMOpIOHIB
KopiB. BcTaHOBNEHO 3aneXHiCTb NPUKMBIOBAHOCTI eMOpIoHIB
Bif, MiHEParbHOTrO XXUBMEHHS KOPiB-AOHOPIB B yMOBax 3axigHoi
reoxiMmiyHoi nposiHuii. JocnimxeHo Bnnmne 6ionoriYHO akTUBHUX
peyoBvH (BAP), hapmaLeBTUYHMX 3aco6iB Ta BIOTEXHOMOMHHNX
NPUOMIB Ha NIOBULLEHHS MPYXXMBIIEHHS TPAHCNNAHTOBAHNX
eMbpioHiB y Tenuub-peunnieHTiB. PospobneHo metoam nia-
BULLEHHS NPWKMBIIOBAHOCTI eMOpPIOHIB, OTpMMaHuX in vitro.

Pesynsratn HaykoBoi pobotn M. M. LapaHa BinobpaeHi
B 231 HaykoBMX npausx, 3 kX 1 NigpyvyHuK, 2 OOBIAHWKN,
14 nateHTiB YkpaiHn Ta maike 200 ctatent y haxoBux BUOAH-
HAX YKpaiHu, 3 IKNX 6 Y BUOAHHSX, L0 BXOAATb Y MiXKHAPOAHI
HayKOMeTpWYHi 6a3n gaHuXx.

Mig kepiBHMuTBOM M. M. LLlapaHa 3axmLLeHo YoTUpn KaH-
anaartcbki ancepTradii.

M. M. WapaH € 4neHom YkpaiHCbKOoro pisionoriYHoro Tosa-
puctBa im. MN.I% KocTtoka i Monbcbkoro ToBapucTea Gionorii pos-
MHOXeHHS (Towarzystwo Biologii Rozrodu — TBR), 3 HaykoBLjiB
IHcTuTyTy Gionorii TBapuH HAAH i J1bBiBCbKOrO HaLioHansLHOro
YHIBEpCUTETY BETEPMHAPHOI MEAVLIMHM Ta BioTexHOMOri iMeHi
C. 3. M’xuupkoro 3acHysas JIbBiBChKMIT ocepenok TBR.

3 iiyjatmen M. M. LWLapaHa y 1995 p. 3anovaTtkosaHo cnig-
npauto IHctutyTy Gionorii TBapuH HAAH 3 Kpakiscbkum arpap-
HUM yHiBepcuTeToM. Y 2015 p. oTpumas Haropoay CxigHmx
Crynin Bapluascbkoro yHiBepeuteTy iM. IBaHa Buroscekoro,
sika nepenbayana YoTvpuMicsaYHe cTaxyBaHHSA y KpakiBcbkomy
arpapHoMy YHiBepcuTeTi Ta BapluaBcbkoMy yHiBepcuTeTi npu-
POOHMYNX HayK, Ae NPOBOAUB EKCMEPUMEHTY 3 TPaHCNaHTaLji
eMOpIoHIB 0BeLb, 3anniaHEHHS in Vitro KOTAYMX, a TaKoX NeKuil
Ta NPaKTUYHI 3aHATTS 3 PENPOAYKTUBHOI BioTeXHONOTI.

3a GaraTopiuHy cymniHHY npavito HaropogxeHui NovecHoto
rpamoToto YAAH Ta NMovecHoto BigsHakoto HAAH, Mogskamum
i F[pamoTamu JbBiBCHKOI 0ONaepxagMiHicTpauii Ta obnacHoro
ynpaeniHHA CiNbCbKOro rocnogapcTaa, lNovecHo rpamoToro
Kpakiscbkoro arpapHoro yHiBepcutety im. ['yro KonnoHTas.

UneH crieuianizoBaHoi B4eHoi paav [ 35.368.01 i3 cinbcbko-
rocnogapcbkux Hayk npu IHcTuTyTi Gionorii TBapuH HAAH (2011—
2014 pp.), cneujanizoeaHoi B4eHoi pagm [ 35.826.01 3 BeTepu-
HapHWX HayK nNpu JIbBIBCbKOMY HaLiOHaNbHOMY YHIBEPCUTETI
BETEpPMHAPHOI MeaMLMHM Ta BioTexHororilt iM. C. 3. MxuLbKoro
32011 p. Ta cneuianisosaHoi B4eHoI paau [, 27.821.01 3 CinbCbKo-
rocnogapcbkux Hayk npu binouepkiBCbkoMy HauioHanbLHOMY
arpapHomy yHisepcuTeri. [podpecop M. M. LapaH € ekcneptom-
[OpafHUKOM 3 HaflaHHS! coLlianbHO CnpsiMOBaHMX JOpaqnx no-
CIyr 3 NMMTaHb TBAPMHHMLTBA Ta arpobisHecy. UneH pegakuinHol
pagu xypHany «bionoris TBapuH» i B MUHYromy 6yB 4neHom
penakuinHoi konerii HaykoBo-TeXHIYHOro GroneTeHst IHCTUTyTy
6Gionorii TBapvH i AHOKI BeTnpenapariB Ta KopMOBUX A00aBOK.

Konekmue npauieHukie IHcmumymy 6ionoaii meapuH HAAH wupo eimae rosinspa,
3u4umMb MiyHo20 300p0o8’s i meopyoco doszonimmsi!



Qur jubilarians

Hapogamecsa B M. HoBoBONUHCEK Bornognmmpcskoro p-Hy
BonwuHcekoi 06n.

Y 1985 p. 3akiHumB JIbBiBCbKUI OpaeHa Tpyaoosoro Yepso-
Horo [Npanopa 300BeTEPUHAPHUIA IHCTUTYT 3a cheLianbHic-
TIO «BeTepuHapis». licnsa 3akiHYeHHs iIHCTUTYTy npautoBaB
Ha BUPOBHMLTBI rONOBHUM BeTMiKapeM.

31989 go 1992 pp. — acnipaHT nabopatopii 6irkie i aMmiHO-
kmcnot HII disionorii | Gioximii cinbcbkorocnogapcbkmx TBapyH,
nicns il 3akiHYeHHs i 4o 1996 pp. — HayKoBMIA CMIBPOGITHUK Ja-
Bopartopii xu1BneHHs IHCTUTYTY disionorii | Gioximii TBapuH YAAH.

Y 1993 p 3axvCTMB KaHAUOATCLKY AMCcepTaLlito Ha 3000yTTs
HayKOBOrO CTYMNeHs KaHauaaTa BETEPUHAPHNX HayK 3a TEMOHD:
«BnnuB ni3vHy, TPEOHIHY | METIOHIHY Ha MOKa3HUKK iIMyHOBIO-
NOriYHOT PeaKTUBHOCTI Y CBMHOMATOK i MOPOCHAT», BUKOHAHY
nig KepiBHWLTBOM BUAATHOTO YKPAiHCLKOro BYEHOro B ranysi
XKMBINEHHS CinbCbKorocrnoaapchbkmx TBapyH npodecopa Cna-
biubkoro fpocnasa IBaHoBMYa.

Y 1999 p. O. I. Biwyp 04onvB i AOHWHI € 3aBinyBavemM nabo-
patopii imyHonorii IHcTuTyTYy Gionorii TBapuH HAAH.

Y 2008 p. 3axnCTMB OOKTOPCbKY AUCepTaLilo Ha Temy:
«bBioximivHi ocobnueocTi hopMyBaHHS Ta perynsadii iMyHHOT
BiAMOBIAI y TENAT i MOPOCAT Y paHHLOMY BiLli».

32009 go 2014 p. — B.0. Nnpodhecopa i npodecop kadenpu
TBapUHHULTBA Ta GioTexHonori JIbBIBCbKOro HaLjioHanbHOro
arpapHoro yHisepcuTteTy (3a cymicHnuteom). 3 2021 p. i AoHu-
Hi — Ha nocagi npodecopa kacdeapm enizootonorii JIbBiB-
CbKOrO HaLiOHarNbLHOMo YHIBEPCUTETY BETEPUHAPHOI MEOULIMHU
iMeHi C. 3. IXNLbKOrO (33 CYMICHULITBOM).

Y 2015 p. Onery IBaHOBMYY Bilwypy NnpMcBOEHO BYEHE
3BaHHSA npodpecopa 3a cnewianbHICTIO «BioxiMis.

Oner IBaHOBUY OCOBMCTO | 04OMIOBaHa HUM HayKkoBa rpyna
npautoe Haf, BUBYEHHAM 0cobnmnBocTen MeTabonivHOro romeo-
cTasy, hopMyBaHHs1 iMyHHOI BiANOBIAj y TBAPWH B OCTaHHIl nepio,
recTauii i B KpUTUYHI Nepiogm NocTHaTanbHOI aganTauii. Ha uin
6a3i po3pobreHo edhekTvBHI Cocobu NpodinakTuky i MNikyBaH-
HS1 IHPEKLiNHNX | He3apa3HMX 3aXBOPOBaHb, iIMyHOAEMILMTHUX
CTaHiB, NiABULLEHHST PE3UCTEHTHOCTI MOSOAHSKY TENAT i MOPOCAT
Y paHHin nocTHaTanbHui nepiog. Oner IBaHoBWY Billyp € cniBas-
TOPOM HOBUX Npenapartis And NikyBaHHA Ta NpoinakTuku Xeo-
pob TBapUH — TakmX, SIK KAHTOKCaH, «JlinoreHy, «Jlinodnok»,
«MimeToH», «JTinoBiT», «IHTepdnoky, «AMIBITY, «BiTaH», «AH-
TOKCaHy, «[perHagiTaHy, «Cenumsity, «KosicuyHy, «LiBitapy.

Baxnueoto cknagosoto gocnigkeHb, npoeegeHux O. |. Bi-
LLIYPOM, € BUBYEHHSI MEXaHi3Mi Aji HOBUX iMyHOTPOMHWX Npena-
paTiB Ha iMmyHHWIA noTeHuian, NO-3anexHi MexaHiamu, cuctemy
AHTUOKCUOAHTHOTO 3aXMCTY, BinNkoBwK i NinigHWM obmiH B opra-
Hi3mi TBapuH. Mig kepiBHMUTBOM Npodecopa Billypa TpmBatoTb
[OOCMIPKEHHS i3 3aCTOCYBaHHAM iMyHOMOAYIOBaNbHUX npe-
napariB y cuctemi npodinakTukmy XBopidé MonogHsKy i ans crv-
My iMyHOBIONOriYHOT peakTUBHOCTI OpraHiamy, NiABULLEHHS
NpoayKTUBHOCTI Ta 36epexeHocTi TBapuH. Oner IBaHOBWY i 10ro
nabopatopis po3pobunm cnocobun BUAINEHHS Ta OYMLLEHHS

Biwypy Onerosi IBaHoB4y — 60!

22 6epe3Hs 2023 poky
OOKMopy eemepuHapHUX HayK, rpoghecopy,
8YEHOMY y 2ary3i eemepuHapHOi MeOUUUHU
3i crieyianbHocmi «BiOXiMIsi», «iMyHOM02is»
Biwypy Oneeoei leaHosu4y
guriogHursocsi 60 pokig

imyHorno6yniHiB knacis G, A i M i3 kpoBi Benukoi poratoi xyao-
0w i cBUHEN ANst OTPMMAaHHS MOHOCTNELMMIYHNUX aHTUCUPOBATOK
3 METOK CTBOPEHHS TECT-CUCTEMU NS OLHKM r'yMOparibHOro
iIMYHITETY y TBapyH. 3anaTteHToBaHO iMyHOHEENOMETPUYHUIA
MeToZA Ans BU3HAYEHHS KOHLIEHTpaLii OKpemMux Knacis iMyHO-
rmoByniHiB y GionoriyHMX pigMHax opraHiaMy TBapuH Ta MeTOA
BM3HAYEHHS iIMyHHOro NoTeHLuiany 3a NnokasHMKaMy Makpo-
daranbHoi TpaHcdopmaLii MoHoHykneapis. O. |. Biwyp 3gii-
CHIOE KEPIBHMLTBO Ta MPUIMAE y4acTb Y BUKOHAHHi HayKOBOI
Tematukmn B IHCTUTYTI Gionorii TBapmH HAAH.

O. |. Biwyp € yneHom BYEHOi pagun i METOAUYHOI KOMi-
cii iHctutyTy. 3 2000 p. i o 2020 p. — BYEHMI cekpeTap,
a 32021 p. — 3aCTyMNHWK rofioBy creLianizoBaHoi BYEHOI paau
[1.35.368.01 npu IHcTuTyTi Gionorii TBapmH HAAH. O. |. Bilwyp €
aBTOpOM NoHag 350 HayKoBWX MpaLlb, TPUHAAUATN aBTOPCHKUX
CBigoUTB Ta naTteHTiB, matn TY Ykpainu, asox COY, TpboX MOHO-
rpadbiin, TPbOX MOCIOHMKIB, MATV AOBIQHWKIB | BOX NiAPYYHKIB.
Y HaB4YanbHOMY NPOLECi B CiNbCbKOrocnoAapCbknx By3ax
YkpaiHu, 3okpema y J1bBiBCbKOMY HaLiOHarbHOMY arpapHoOMy
yHiBepcuTeTi Ta JIbBIBCbKOMY HaLioHanbHOMY YHiBEpCUTETI
BETEPUHAPHOI MeanumHmu Ta GiotexHonorin im. C. 3. IKULbKO-
ro, BUKOPUCTOBYIOTBCS MOHOrpadii 3a asTopcteom Onera IBa-
HoBum4a Biwypa: «IMyHHMI cTaTyc, cnocobu ouiHku | MmeToan
KOpeKLii y TenaT paHHboro Biky» (2015) Ta «AHTUOKCMOAHT-
HWI 3aX1CT OpraHiamMy MOMOAHSAKY BENVKOI poraToi Xynobw 3a
XPOHIYHOTO KaAMIEBOrO TOKCMKO3Y Ta Moro kopekuis» (2015).

CyTtTeBe micue y HaykoBomy xuTTi O. |. Biwypa 3anmae
i negaroriyHa gianbHicTb. Tak, y 2009-2014 pp. BiH npauto-
BaB Ha nocagi npodecopa kacdeapy TBapuHHMLTBA i BioTex-
Honoriv J1bBIBCbKOrO HaLiOHANBHOrO arpapHOTo YHIBEPCUTETY.
3 2021 p. — npodbecop kadpenpw enizootonorii JIbBiBCbKOro
HaLioHanbHOro yHiBepcuUTeTy BETEPUHaPHOI MEANLMHM iIMEHI
C. 3. IxuupKoro.

Kpim Toro, Oner IBaHOBWUY 3Ai1ICHIOE HAYKOBE KEPiBHU-
LTBO acnipaHTamu Ta AOKTOpPaHTaMM, Mig NOro KEPiBHULTBOM
3axuuweHo 9 kaHaAnaaTCbkuX N 1 AOKTOPCbLKY AncepTadito,
BeOEeTbCA MiAroToBKa 4 acnipaHTiB.

O. . Biwyp € uneHom crieuianiaoBaHoi B4EHOI paau i3 3a-
xvcTy auceptadin 1 26.004.08 npu HauioHansHomy yHiBepcu-
TeTi BiopecypciB i NpMpoaokoprCcTyBaHHSA YkpaiHu (3 2014 p.).
HeonHopa3oBo GyB OMOHEHTOM KaHAMAATCHKMX | AOKTOPCHKNX
anceprauivi. Oner |BaHOBUY € YreHOM peaakLUiiHOi Konerii Ha-
YKOBOTO >XypHany «bionoris TBapuH» i B MUHyromy ByB 4reHom
penakLinHoi konerii HaykoBo-TEXHIYHOO GtoneTeHs IHCTUTYTy
6ionorii TBapuH i AHOKI BeTepuHapHux npenapartis Ta Kop-
moBux gobasok. O. |. Bilwyp € 4neHoM HayKoBO-METOANYHOT
KoopAmHaUiiHoi paauw npu IHcTuTyTi Gionorii TBapuH HAAH.
HaropogxeHui MNodecHoto Big3Hakor HauioHansHoT akagemil
arpapHux Hayk Ykpainu (piweHHa Mpesuaii HAAH Neb Big
20 6epesHa 2013 p.) Ta npemieto imeHi C. 3. PxuLbkoro
3a umkn npaub «MeTtaboniyHi npouecu, pe3ancTeHTHICTb Ta
NPOOYKTUBHICTb Y KOPIB i TENAT Ta cnocobu ix perynsauiin.

Konekmuse npauieHukie IHcmumymy 6ionoeii meapuH HAAH wupo eimae rosginsipa,
3u4uUMb MiyHO20 300p08’s i meopyo2o doszonnimmsi!



Knrouem 0o 8cskoi HayKu € 3HaK NUMAHHA.

IHCTUTYT BIONOrIi TBAPUH HAAH Oro/1IolIY€E HABIP
y AOKTOPAHTYPY

o4Ha (OeHHa) hopma HaBYAHHS

Ta ACMTIPAHTYPY

O4Ha (OeHHa/Be4ipHs) | 3a04HA ghopma HAB8UYAHHSA

3a cneuianbHOCTAMM:

09 «bIOJIONNA»
cnevjansHicTs 091 «BIONOT IS TA BIOXIMISt»

21 «BETEPUHAPIA»
cneviansHicTs 211 «BETEPUHAPHA MEAVLIHA»

Mpw BCTYNi 4O acnipaHTypu CKragawTb iCNUTKU 3 iIHO3eMHOI MOBM i CneLianbHOCTI.
[igroToBka y 4OKTOpaHTYpi Ta acnipaHTypi 30iNCHIOETLCA 3a paxXyHOK:

— KOWTIB AepXbromKeTy YKpaiHm — 3a aepkaBHUM 3aMOBIIEHHSIM;

— KOLUTIB OPUANYHUX Ta pi3n4HUX OCib — Ha yMOBaXx KOHTPaKTY.

TepmiH nogaHHAa gokymeHTiB — 3 01.06 go 31.08.2023 p.

Apgpeca: IHcTuTyT Bionorii TBapuH HAAH, Byn. Ctyca, 38, m. JlbiB, 79034, YkpaiHa.
Hosigku 3a Ten.: (+38 032) 270-23-89, (+38 067) 453-36-39.
e-mail: inenbiol@mail.lviv.ua www.inenbiol.com

KOHKYPC HA 340BYTTA NPEMII
IMEHI C. 3. Y’KMLLbKOTO

IHcTuTyT Gionorii TBapyH HAAH oronoluye koHKypc Ha 30006yTTA
Mpewmii imei C. 3. Ixuuskoro. Mpemio imeHi C. 3. [xuLskoro npu-
CY[XYIOTb 3a HayKOBIi Npaui (LMK HayKoBMX npaub) 3 disionorii
i Bioximii, >KMBMNEHHs1 TBApUH, PO3POBNEHHS Ta BMPOBaHKEHHS HOBUX
BioTexHONorivYHMX MeToAIB, Mpenaparie, 6ioNorivYHo akTMBHMX Aoba-
BOK, [iarHOCTMKYMIB, CTBOPEHHSI HOBMX MOPIA, TUMIB i NiHil CinbCbKo-
rocnofapcbkMx TBapyH Ta NTUL, @ TaKOX 3a HaykoBi poboTu, SKi
€ 3HaYyLLMMU Y PO3B’A3aHHI aKTyarnbHUX npobnem Gionorii, arpo-
eKonorii, BETEpMHAPHOI MeANLIMHN.

Mpemito npucyaXyloTe pas Ha ABa POKK 3a pesynbTaTamu
KOHKYpCY, 0 y4acTi B AKOMY NpuiiMatoTb poboTu, BUKOHaHI OKpe-
MUMU HayKoBLiIMM abo KorneKkTuBaMu aBTopiB. BucyHeHHs pobiT
Ha 3006y TTa Mpemii imeHi C. 3. PKnLLKOro NpoBoaATL Yepes
BYEHy (HayKOBO-TEXHIYHY) pady HayKOBOi YCTaHOBM uu 3aknagy
BULLIOT OCBiTK. NpeTeHaeHTOM Ha oTpuMaHHS Mpemii moxe GyTu
KonekTvB A0 M'ATh ocib. KoxeH y4acHuk Moxe Byt aBTOpoM 4u
CMiBaBTOPOM NWLLE OAHIET 3 NpeaCcTaBNeHNX Ha KOHKYpC poboTu
abo uumkny pobiT. YyacTb y KOHKypcCi 6epyTb HayKoBi npaui, Bif
OHs1 ny6nikauii AKMX MUHYNO He MeHLUE LEeCTU MicsuiB, ane He
Ginblue M'STU poKiB, @ TAKOX BUHAX0AM Micnsi iX BNPOBaAXKEHHS.
Po6oTun, ski Bxe otpumanu [epxasHi abo iHwi npemii Ykpainu,
[0 KOHKYPCY He NpuiMarioTb.

Ha po3rnsapg koHKypcHoro komiTeTy I[HCTUTyTy Bionorii TBapuyH

HAAH npeteHaeHTaM HeobxigHO nogaTtn Taki LOKYMEHTU:

m  3asBa Npo y4acTb Y KOHKYPCi 3 NEPENiKOM YNEHIB aBTOPCLKOrO
KOMEKTUBY;

m  aHKeTa 3 BKa3aHUMM 0COBMCTMMM AaHNMU NpeTeHaeHTa(TiB):
im's1, MPI3BULLE, nata HapogkeHHs, micLe poboTtu (agpeca),
nocaga, B4eHe 3BaHHs1, HAyKOBUWIN CTYNiHb, KOHTAKTHWUIA Tene-
oH, e-mail, poTo 3x4;

m  poboTa, AKy pekoMeHAyHTb (LuKn pobiT, nybnikauii ToLuo);

m  aHoTauid poboTu 3 KOPOTKUM BMKNALOM ii 3MICTY i 3Ha4EeHHSA
ONS PO3BUTKY HayKu;

m  [OBigKa Npo TBOPYMIA BHECOK KOXXHOTO 3 MPETEHAEHTIB, Nia-
nucaHa KoXHUM 3 aBTopiB poboTu;

m  MPOTOKOI BYEHOI (HAYKOBO-TEXHIYHOT) paav LWodo pekomeHaaLi
poboTtu Ha 3006yTTS lNpewmii;

m 33 HasfBHOCTi — [J0AaTKOBi Martepianu (pekoMeHaaLiiHi nmcTu
Bif, BiIOMMX yYeHUX, akTu anpobaLiii, akTu BNpoOBaaXKEHHS,
Konii NaTeHTIB, BiArykM rpOMagcbKoCTi TOLLO);

m NpEeTEeHOEHTU HECYTb BiANOBIAanNbHICTb 3a akageMiuyHy obpo-
YeCHICTb.
3a pesynsratamu KOHKypcy Oyae BuaaHo Aunnom naypearta

i naM’ATHy BiA3HaKy.

TepMiH nogaHHS KOHKYPCHUX MaTepianis — 3 1 kBiTHA 40 1 k0BTHA 2023 poky.
Appeca: IHcTuTyT Gionorii TBapuH HAAH, Byn. Ctyca, 38, M. JlbBiB, 79034, YkpaiHa.
KoHTakTHum Ten.: (032) 260-07-95, dakc (032) 270-23-89.



IHCTUTYT BIOJ10T1I TBAPUH HAAH
NMPOBOAUTD:

o JocnimkeHHa BioXiMIYHMX NOKA3HMKIB
aHanizatop Humalyzer 2000, Hime44ynHa)

o [emaTtonoriyHmm aHanis
(aHanizaTtop Mythic-18Vet, LLBenuapis)

o MikpobGionoriyHi gocniaXeHHs

(nociB Ha cTepunbHIiCTb, aHTUBIioTMKOrpama,
cKrag Mikpodnopu KULWLEYHUKY TBapWH,
Mikpo6ionoriyHnn aHania Kopmie, BOAW, NOBITPS)

o IMyHOpepmMeHTHI gocnigxeHHs
(aHanisatop Stat Fax 3000, Hime4y4nHa)

o OuiHka penpoayKTUBHOI 34aTHOCTI TBApWH,
LUTYYHE OCIMEHiIHHS, TpaHcnaHTauig eMOpioHiB

o CenekuinHo-reHeTU4HiI JocnigXkeHHs

o [ocnigxeHHa KkopmiB

o HocnimkeHHs Morioka

o HocnimkeHHs geub

o BwusHavyeHHs nokasHWKIB AKOCTI Meay
o [ocnigxeHHsa BOBHU | BOnoccs

o ATOMHO-abcopOUinHKI | aTOMHO-EMICINHMIA aHani3
KOHLEHTpaUiT XiMiYHUX efleMeHTIB

o AHani3 opraHiyHnx gobpus L

OpraHi3oBye npoBeAeHHs AOCNioKEHb Ha NabopaToOpHUX TBapUHax
| Hagae kBanigikoBaHy iHTepnpeTaLito OTPUMaHUX pesyrbTaTiB.

* MOXuee rpoeedeHHs iHWUX O0CiOXeHb
** gci nabopamopii iHcmumymy akpedumosaHi 0515 Mpo8edeHHSI O0CITIOKEHb

IHcTuTyT Gionorii rBapuH HAAH

Byn. B. Ctyca 38, m. JlbBiB, 79034
Ten.: +38 (032) 270-23-89, +38 (96) 858-37-76
e-mail: markinfo@inenbiol.com.ua

3aexou padi criienipaui 3 Bamu!
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Along with you -

IMMYHITI
CTIM

3MiLLHIOE OpraHisM TBapuH Ta NTaxis, 3aXMLLLAKOYH
KULWIKOBUMW Bap’ep . U N

Cknap: 1 n MictuTe: Bitamin E Sonn—pau,—andeaToxquepmnaueTaT), 25000 wr; Bitamin C, 2100 mr; Mniumn 10000 mr; Cenen - Se (cenewit Hatpito), 0,5 mr; Mapraneus — Mn
(Cynbtat MapraHuto MoHorigpart), 500 mr; EdipHa onis posmapuHy 10000 mr; EdipHa onisa yebpeuto 10000 mr; EdipHa onis eskaninta 10000 mr; Hatpito xnopug 1250 wmr; Kanito
xnopup, 500 mr; Opixaxosun ekctpakt 50000 wmr; Monicaxapuaun 20000 mr; Mniuepun nonieTuneHrnikonb puumMHoneat i OemiHepanisoeaHa soga fo 1 n. 3actocyBaHHA: no
i nicna sakumHayii. IMMYHITI CTIM pospobneHo gns: KOHTPOMO cnanaxie BipyCHUX 3aXBOPHOBaHb, KOHTPOMIO BCIX BWAIB CTPECY, MOKPALLEHHS TUTPIB BaKLMHALi, NPUCKOPHOOTL
PiCT, NOKPALLYOTb KOHBEPCIK0 KOPMY, MiABULLYIOTbL 3aranbHy ONipHICTb OPraHisMy Ta NOKpaLLyrTb BUBOAMMICTb Y HECYHOK i NOKpaLLye BiaTBOpPHY ®yHKLUit0. MokasaHHa Ta LinboBi
BWOMW TBAPHH: CiNbCbKOrOCNOAAPCHLKI TBAPUHM, NTULA, COBAKM Ta KOTU - NOCMNEHHS IMyHHOrO CTaTycy opraHismy. MpoTunokasaHHa, noGiuHi peakuii Ta B3aemMogii: He onucaHo.
Do3syeaHHsA Ta cnoci6 3acTocysaHHA: NepopanbHo 3 NUTHOK Boaot. PeTenbHo posMiwatk 1 Mn B 1-2 n nuTHOI Boau. 36epiraHHa. 36epiratv B HEQOCTYNHOMY AN OiTEN Micui.
36epiraTv B NPOX0NOAHOMY, CYXOMY MiCLi, NO4ani Big, AyKepen Tenna i NpsMux COHAYHUX NpomeHis. [N8 3acToCyBaHHsA Y BETEPUHAPHIW MeaULUHI.

Industrial Veterinaria, S.A.

a LIVISTO company

Ykpaina, 03040, m.Kuis,

Byn. BacunbkiBcbka, 14, og. 422

Ten.: +38 044 206 24 30 | ten.: +38 067 238 33 77
livisto.ua@gmail.com | livisto.com




