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Purpose. To assess the effectiveness of in-
corporating grape pomace into the diet of age-
1+ carp (Cyprinus carpio) in terms of growth,
antioxidant status, and the morphofunctional
condition of the digestive organs.

Methodology. The study involved age-1+
carp with an average initial weight of 37.7 g,
which were kept in 150 dm?® aquariums con-
taining 25 fish each. Optimal identical physi-
co-chemical parameters of the water were main-
tained. A control group and three experimental
groups were formed. The experimental feeding
lasted 30 days with a compound feed of a spe-
cific composition. Grape pomace was intro-
duced into the diet of the experimental groups at
a rate of 0.5% (experiment 1), 1.0% (experiment
2) and 2.0% (experiment 3). Standard methods
were used to determine fish weight gain, the
activity of antioxidant and digestive enzymes in
the hepatopancreas, and to conduct histomor-
phometric studies of the midgut, the exocrine
segment of the hepatopancreas and the hepatic
parenchyma.

Findings. The inclusion of grape pomace
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Mema. OujHumu eghekmusHicmb 8UKO-
pucmaHHsi 8uHO2padHUX 8u4agoK y cKradi
pauioHy 0eonimok koporna (Cyprinus carpio)
3a rnoka3Hukamu pocmy, aHmuokcuGaHmMHO20
cmamycy ma MophoyHKUIOHarIbHO20 cmaHy
opaaHie mpasrieHHs.

Memoduka. O6’ckmom OocniOxeHHs1 Bynu
OO0HOMIMKU Koporna CepedHbOK M04amKo80
macoro 37,7 2, AKUX ympumysarsnu e akeapiymax
o6’emom 150 Om® o 25 ek3. y koxHomy. [Mpu
ubomy 3abesrnevyeHo onmumarsbHi I0eHMUYHI
@pisuko-ximiyHi mapamempu 800HO20 cepedosu-
wa. CgopmosaHO KOHMPOsbHY | 3 docniOHUX
epynu. ExcnepumeHmarnbHa e00iens Kombi-
KOpMOM 8u3HadeHo20 cknady mpusana 30 di6.
Mo cknady pauioHy docniOHux epyn eeodusnu
8UHOepadHi su4asku y kinbkocmi 0,5% — 0o-
cnid 1, 1,0% — 0docnid 2 ma 2,0% — docnid
3. Bukopucmosysanu  3a2anbHONpUliHsAMI
mMemoOu 8u3Ha4YeHHsT MOKa3HUKie rpupocmy
macu pub, akmueHocmi aHMUOKCUOaHMHUX
ma mpasHux ¢chepmeHmis y aernamonaHkpeaci
ma eicmomopghomempuyHUX OOC/iOXeHb ce-
peOdHbo20 8i00iNy KUWEYHUKA, €K30KPUHHO20
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did not result in any significant changes in the
growth rate of carp. An improvement in the
body’s antioxidant status was observed, mani-
fested by a significant reduction in the levels of
lipid peroxidation products — diene conjugates
— by 27-32% and TBA products by 7-37% in
all experimental groups compared to the con-
trol group, as well as a significant reduction in
superoxide dismutase activity (by 18.0-47.0%),
which might indicate a reduction in the intensity
of oxidative stress. The results obtained indi-
cate that the inclusion of lower concentrations
of grape pomace in the feed (experiments 1 and
2) had an insignificant effect on the morphofunc-
tional condition of the fish. In contrast, in exper-
iment 3 the values for villus height, crypt depth
and muscle layer width in the fish were signif-
icantly lower (p < 0,01) by 136.36; 24.60 and
22.11 um, respectively, compared to the control.
In the secretory segment of the hepatopancre-
as, the synthesis of digestive enzymes was ac-
tivated, and in the liver parenchyma, there was
a shift in hepatocyte function towards glycogen
accumulation. At the tissue level in the intestine,
activation of the mucous membrane, accelerat-
ed haemodynamics and an enhanced immune
status were observed.

Originality. An adaptogenic effect of grape
pomace in the carp diet has been established,
which was manifested by a reduction in oxi-
dative stress, improved immunity and diges-
tive function without any significant impact on
growth rates.

Practical Value. The prospects and feasi-
bility of using grape pomace as a phytogenic
feed additive to enhance the physiological resil-
ience of carp and optimise digestive processes
have been substantiated, which is a key chal-
lenge facing modern aquaculture.

Keywords:  phytogenic  supplements,
weight gain, antioxidant status, intestine, exo-
crine segment of the hepatopancreas, hepatic
parenchyma.

ceasvMeHma 2ernamoraHkpeaca ma re4viHkogoi
napeHximu.

Pe3ynbmamu. BusHayeHo, W0 886e0€HHS
B8UHO2PadHUX 8UYaBOK He 3YMOBME Cym-
megux 3MiH iHMeHCcU8HOCMI pocmy Kopora.
BcmaHoerneHo nokpauwieHHS aHmuokcudaHm-
HO20 cmamycy op2aHi3My, Wo rposenssnocs
CymmeeuM 3HUXEHHSIM emicmy pooyKkmis
nepeKkucHo20 OKUCHEHHS ninidie — OieHo-
8UX KOH'loeamie — Ha 27-32% ma TbK-
npodykmie — Ha 7-37% e ycix docniOHux
epynax w000 KOHMPOIbHOI, @ MaKoX 3Ha4yHe
3MeHWEeHHs akmugHOCmi cynepokcudducmy-
masu (Ha 18,0-47,0%), wo moxe ceidyumu
PO 3HUXeHHS iHmeHcusHocmi okcudamus-
HO20 HasaHmaxeHHs. OmpumaHi pesyrib-
mamu cei04amb [Mpo Hesupas3HuUl ennue
88e0eHHs1 00 cKiady KOPMY HUXYOI KOHUEH-
mpauyii suHoepadHuUXx gu4yasok (docnidu 1 ma
2) Ha MopgopyHKyioHanbHUU cmaH pub.
BodHoyac, y docnidi 3 nokasHuku sucomu
B8OPCUHOK, eMubUHU Kpunm ma wupuHu m’s-
30801 060/10HKU pub 6yru GOCMOBIPHO HUX-
yumu (p < 0,01) Ha 136,36; 24,60 ma 22,11
MKM 8iOHOCHO KOHMPpo. B cekpemopHomy
ceaMeHmi eenamoriaHKkpeaca akmueisysascs
CUHMe3 mpasHuUx hepmeHmis, y nediHkosil
napeHximi 8idbysanacs 3amiHa hyHKyil eena-
mouyumis y bik Hakonu4yeHHs enikoz2eHy. Ha
MKaHUHHOMY PiBHI y KUWe4YHUKY 3aghikcosa-
HO akmigizayito cnu3080i 060/10HKU, MPUCKO-
PEeHHS 2eMoOuHaMiKu, Mi08UU,EeHHS IMyHHO20
cmamycy.

Haykoea Hoesu3Ha. Briepwe scmaHosrsie-
HO adanmoeaeHHull eghekm euHOoepaldHUX B8U-
YagoK y pauioHi Kopora, w0 nposensemscs
3HUXEHHSIM OKCUuOamueHO20 Hag8aHMaXeHHS,
rnokpaweHHsIM iMyHimemy ma yHKuii mpas-
nieHHs 6e3 icmomHo20 ennuey Ha memnu poc-
my.

lMpakmu4Ha 3Hayyuwjicmb. ObrpyHmMy8aHo
nepcriekmusu ma OouifibHicmb 8UKOPUCMAaHHS
8UHO2PadHUX 8UYHABOK SIK (himoaeHHOI KopMOo8oi
0obasku 0nsi nidsuweHHs ¢isionoaidyHoi cmid-
Kocmi opzaHi3My Koporia ma onmumidauji npo-
uecie mpasreHHsl, Wo € akmyasnbHUM 3a80aH-
HSAIM Cy4acHOI akeaKyrnbmypu.

Knroyosi cnoea: imoeeHHi dobasku,
npupicm Mmacu, aHmuokcuOaHmHuld cmamyc,
KUWEYHUK, eK30KPUHHUU ceeMeHm eernamoraH-
Kpeaca, reviHkosa napeHxima.
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PROBLEM STATEMENT
AND ANALYSIS OF LAST
ACHIEVEMENTS AND
PUBLICATIONS

The global state of aquaculture in to-
day’s conditions is characterized by active
development and intensification of pro-
duction. Accordingly, the need for func-
tional feeds is growing not only to meet
the biological needs of fish, but also to im-
prove the quality and efficiency of fish pro-
duction [1]. It should be taken into account
that the introduction of intensive technolo-
gies in aquaculture leads to an increase in
the biological load on the fish farming en-
vironment. Combined with anthropogenic
load, this is a significant stress factor for
aquatic organisms [2].

The complex impact of these stress fac-
tors leads to a decrease in resistance and
also negatively affects the functional state
of the organs and systems of fish, which
leads to economic losses [3]. Traditional
effective therapeutic and preventive agents
in this context are antibiotics. Howev-
er, the emergence of antibiotic resistance
in all branches of animal husbandry has
prompted governments in many countries
to assess their impact on the quality and
safety of products as well as on the envi-
ronment, and, accordingly, to review leg-
islative regulations regarding their use in
feeds [4, 5].

Phytobiotic feed additives can serve as
environmentally safe, affordable and ef-
fective alternatives to the use of antibiotics
in aquaculture [6]. The use of phytobiotic
feed additives in fish feeding contributes
to an increase in productive indicators and
survival, as well as the body’s resistance
to stress factors and various pathogens. In
addition, these supplements are character-
ized by hepatoprotective effects and the
ability to improve digestive and metabolic
processes in the carp organism [7].

The outlined issues are important not
only in the global context, but also for
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MOCTAHOBKA NMPOBJEMMU
TA AHAJII3 OCTAHHIX
TOCJIPKEHD T MMYBJIKALIINI

I'moGanpHull CTaH aKBAKYJIBTYPH B yMO-
BaX CHOTOJCHHS XapaKTePH3YEThCS aKTUB-
HUM PO3BUTKOM Ta iHTeHCH(iKalli€l0 BH-
poOHuITBa. BinmosiaHo, 3poctae motpeda
y (pyHKIIOHAJIBHUX KOPMaX HE JIUIIE IS
3a0e3rneueHHs 010JI0TIUHUX TOTpeO opra-
HI3My pu0, a ¥ JJI MiJBHUINEHHS SKOCTI
Ta e(EeKTUBHOCTI BUPOOHHUITBA PHOHOT
mpoaykuii [1]. Cnig BpaxoByBaru, IO
BIIPOBAJKEHHSI 1HTEHCHUBHHUX TEXHOJIOT1H
B aKBaKyJbTYpi IPU3BOAUTH J0 3POCTaH-
Hsl 010JIOT1YHOTO HABAaHTAKEHHS HA cepe-
JIOBUIIIE BUPOIIYBaHHS pUO. Y KOMIUIEKCI
i3 aHTPONIOTEHHNM HaBAaHTAXEHHIM IIE €
CYTTEBUM CTPECOBHM YMHHUKOM IS Ti[-
poGioHTiB [2].

KommiekcHH BIUIMB JIaHUX CTPECO-
BUX YMHHHKIB 3yMOBJIIOE€ 3HIDKCHHS pe-
3UCTCHTHOCTI, & TAKOXX HEraTHBHO BILIHU-
Ba€ Ha (DYHKIIOHAJILHUH CTaH OpraHiB i
CHUCTEM OpraHismy puO, 1[0 MPHU3BOIUTH
o exoHoMiyHmx Brpar [3]. Tpaawumiid-
HUMH €(DEeKTUBHUMH JIiKyBaJbHUMHU Ta
npoiTaKTUYHUMH 3ac00aMu Yy JTaHOMY
KOHTEKCTI € aHTubioTuku. OjHak, (op-
MyBaHHS aHTHOIOTHKOPE3UCTEHTHOCTI B
yCiX Tajy3sX TBApPUHHHIITBA CIIOHYKAIIO
ypsau 0araTboX KpaiH OIIHWTH iX BIUIHB
Ha SKICTh 1 OE3MEeYHICTh NMPOAYKIIii, a Ta-
KO Ha HABKOJIMIITHE CEPEIOBUIIIE 1, BIJIITO-
BiJTHO, MEPEINITHYTH 3aKOHOMABUi HOPMHU
1010 iXHBOTO BUKOPUCTAHHS Yy CKIAmi
kopMmiB [4, 5].

Exonoriuyno 6e3rneqHuMu, J0CTYTHUMH
Ta e()eKTHBHUMHU 3ac00aMH, IO € albTep-
HATHBOK BUKOPHCTAaHHS aHTHOIOTHKIB B
AKBaKyJIbTypi, MOXYTb CIyryBaTH (iTo-
0i0THYHI KOPMOBI J00aBKH [6]. BecTaHOB-
JIEHO, 1110 BUKOPUCTAHHSA B TOAiBII pHO i-
TOOIOTUYHHUX KOPMOBHUX JOOABOK CIIPHSE
MIJBUIIICHHIO TPOAYKTHBHUX MOKA3HHUKIB
1 BU)KMBAHOCTI, & TaKOXX PE3UCTEHTHOCTI
Oprasi3my 10 CTPECOBUX YMHHHUKIB Ta Pi3-
HOMaHITHHX maroreHiB. Kpim Toro, mai
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Ukrainian aquaculture. Assessment of the
effectiveness of the use, development of
norms and methods for introducing phy-
tobiotic additives into the composition of
feeds for carp (Cyprinus carpio Linnaeus,
1758) — the main object of cultivation in
aquaculture in Ukraine [8], is a promising
task that, against the background of an in-
crease in immune status, will allow reduc-
ing the impact of stress factors on the body.

HIGHLIGHT OF THE EARLIER
UNRESOLVED PARTS OF THE
GENERAL PROBLEM.
AIM OF THE STUDY

In accordance with the above, feed
production in global practice is actively
exploring the prospects for using by-prod-
ucts of agricultural crop processing, which
are characterized by biologically active
properties. This model provides a positive
impact on food security and environmental
protection as well as a reduction in the cost
of livestock production in accordance with
the use of waste as a feed resource [9].

In particular, grape pomace is consid-
ered as a feed additive due to its high con-
tent of polyphenols, fatty acids and anti-
oxidant compounds. Studies have shown
that polyphenolic compounds have antiox-
idant and anti-inflammatory properties and
a positive effect on metabolic parameters
and the physiological state of the body. Ac-
cordingly, using them as feed additives can
help reduce feed costs, improve product
quality, increase production profitability,
and reduce industrial impact on the envi-
ronment [10].

Grape pomace is a by-product of win-
emaking and consists of skins, seeds, and

O0AaBKH XapaKTEePU3yIOTHCSI TeraToIpo-
TEKTOPHOIO JI€I0 Ta 3/IaTHICTIO MOKpaIly-
BaTH TpaBHI Ta OOMIHHI IPOIIECH B Opra-
Hi3Mi kopomna [7].

OxpeciieHa mpoOIeMaTHKa € aKTyalb-
HOIO HE JIMIIE y II00aIbHOMY KOHTEKCTI,
a ¥ nns akBakynbpTypu YKpainu. OliHka
e(heKTUBHOCTI BUKOPUCTAHHSI, PO3pOOIIEH-
HsS HOPM Ta METOMIB BBeACHHs (iToOio-
TUYHUX J00ABOK /IO CKJIAAy KOPMIB ISt
kopora (Cyprinus carpio Linnaeus, 1758)
— TOJIOBHOTO 00’€KTa KyNbTHBYBAaHHS B
aKkBaKyJbTypl YKpainu [8] — e mepcriek-
TUBHHM 3aBJIaHHsIM, 1[0 HA TJIi MiJBHUIICH-
HSl IMyHHOTO CTaTyCy JO3BOJHUTDH JOCSTTH
3HW)KCHHSI BIUIMBY CTPECOBHX YHMHHHKIB
Ha OpraHi3M.

BUAIVIEHHSA HEBUPIIIEHUX
PAHIIIE YACTHH 3ATAJIBHOI
INPOBJEMMU. META POBOTH

BinmoBinHO 10 3a3HaYEHOTO BHIIE, Y
CBITOBIM MpakTHLl KOPMOBHPOOHUIITBA
aKTHBHO IOCHIDKYIOTh TIEPCIICKTHBH BH-
KOPUCTAaHHS NOOIYHUX MPOAYKTIB Iepe-
POOKH CUIBCHKOTOCTIONAPCHKUX KYIBTYD,
SKI XapaKTepU3ylTbcsd O10JIOT1YHO akK-
TUBHUMH BJIaCTUBOCTSAMH. JlaHa Momenb
nepeadayae MO3UTUBHUN BIUIMB Ha MpO-
JIOBOJIBUY O€3IeKy 1 30epeKeHHs JTOBKiJI-
NS, @ TAKOX 3/CLICBICHHS BUPOOHUITBA
MIPOAYKITT TBAPHMHHHUIITBA BIAMOBITHO [0
BUKOPHUCTAHHS BiJIXOJIB SIK KOPMOBOTO pe-
cypey [9].

3okpema, K KOpMoBa J00aBKa po3-
[JISIIAI0THCSl BUHOTPAIHI BUYABKH, BIJIINO-
BIIHO JI0 BHCOKOTO BMICTy TOJi(hEHOIIIB,
KUPHUX KHUCIOT Ta aHTHOKCHAAHTHHX
cronyk. JlocnmipkeHHSIMH BCTaHOBJICHO,
10 JUIS TOTi(DEHOBHUX CITONYK XapaKTep-
Hi aHTHOKCHJIAHTHI Ta IPOTH3aNaIbHI Bia-
CTHBOCTI Ta MO3UTUBHHUN BIUTUB HA METa-
00JiyHI OKAa3HUKH i (i310JI0TTYHMIA cTaH
oprasiamy. BiAmoBigHO, 3rolOByBaHHS
JIaHUX J100aBOK MOKE CIIPUATH 3HUKEHHIO
KOPMOBHX BHTpPAT, MOKPANICHHIO SKOCTI
TIPOYKIIii, MiJIBUIIEHHIO PEHTA0CIBHOCTI
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stalks. However, the content of biological-
ly active substances in raw materials can
vary significantly depending on the meth-
od of production, grape variety, growing
region, etc. Therefore, modern techno-
logical approaches have been developed
to isolate a stable concentration of active
ingredients, in particular, environmentally
friendly extraction methods with low sol-
vent content [11].

A number of studies have been con-
ducted to determine the effectiveness of
using grape pomace in fish feeding. Feed-
ing carp with different rates of grape seed
proanthocyanidin extract showed a pos-
itive effect on the protein content in the
fillet and the activity of the antioxidant
defense system; grape pomace at the rate
of 5, 10 and 15% increased the growth
rate of fish, and also affected the chemi-
cal composition of the fillet, reducing the
content of lipids, carbohydrates and energy
value at higher levels of the additive [12].
Another study found that the use of grape
pomace in feeding carp had practically no
effect on fish weight gain, but modulated
antioxidant status and lipid peroxidation
processes, enhancing the activity of the an-
tioxidant defense system and changing in-
dividual indicators of the intestinal micro-
biota (aerobic microbes and enterobacte-
ria) [13]. Feeding grape pomace extract to
European seabass (Dicentrarchus labrax
Linnaeus, 1758) did not affect fish weight
gain, but the consistency of the fillets im-
proved, the lipid content and concentration
of saturated fatty acids decreased, while
the concentration of polyunsaturated fatty
acids increased, and the activity of malon-
dialdehyde decreased, confirming the anti-
oxidant effect of the supplement [14]. The
introduction of grape sediment into the
diet of juvenile golden grey mullet (Liza
aurata Risso, 1810) under optimal condi-
tions had a positive effect on fish growth,
led to a decrease in glycogen in the liver
and an increase in lysozyme activity; un-

BHPOOHUIITBA Ta 3MEHIICHHIO ITPOMHUCIIO-
BOTO BIUTMBY HA HABKOJIUIIIHE CEPETOBHIIC
[10].

BuHorpaiHi BU4aBKH € MOOIYHUM IMPO-
JIYKTOM BHHOPOOCTBa 1 CKJIQNAIOThCs 13
HIKIpOK, KICTOYOK 1 IUIOOoHDKOK. IIpote
BMICT 010JIOT19HO aKTHBHUX PEYOBUH y CH-
POBHHI MOYKE 3HAYHO KOJMBATHCH B 3aJICK-
HOCTI BiJl cIOcOOy BHUTOTOBJICHHS, COPTY
BUHOTPAy, PEriOHy BHUPOIILYBaHHS TOIIO.
Tomy IIsl BUITIICHHS CTaJIOT KOHIIEHTPAITi i
AKTHUBHUX PEUYOBHH PO3POOJIEHO CydacHi
TEXHOJIOTIYHI ITiJIXOH, 30KpeMa eKOJIOoT14-
Hi METOJM €KCTPaKIlii 3 HU3bKUM BMiCTOM
po3unHHHKIB [11].

[IpoBeneHo HUBKY JOCHIJKEHb i3 BU-
3HAYCHHS €()EKTUBHOCTI BHKOPUCTAHHS
BUHOTPATHUX BUYABOK B TOJiBII puo. 3ro-
JIOBYBaHHS KOPOITY Pi3HIX HOPM EKCTPAKTY
MIPOAHTOIIaHIIUHY 3 BUHOTPAJHUX KiCTO-
YOK CBIAYHUTH MO MO3UTHBHHUI BIUIUB Ha
BMICT OiKa y (isie i aKTUBHICTh CUCTEMHU
AQHTHOKCHIAHTHOTO 3aXHCTy; BHHOTPAI-
HUX BUYaBOK 13 po3paxyHKy 5, 101 15% —
301JIbIIICHHS TEMITIB POCTy PHO, BILTUB Ha
XIMIYHHH cKnaf ¢ine, 30KpeMa 3HUKEHHS
BMICTY JIIITiJiB, BYIJICBOJIIB, @ TAKOXK CHEP-
TeTUYHY I[IHHICTh 3a BHIIMX DIBHIB BBE-
nenHs po6aBku [12]. IHmmmm gocmimkeH-
HSM BCTAHOBJICHO, M0 BHKOPUCTAHHS
BHHOTPATHUX BHYABOK B TOJIBJII KOpOIIa
MPaKTHYHO HE BIUTMHYJO Ha MPUPICT MACH
pub, TTPOTE MOIYITIOBAIO AHTHOKCHIIAHT-
HUI CTaTyC 1 MPOIECH MEPEKHUCHOTO OKUC-
HEHHS JIIAIB, IMOCHIIIOIOYH aAKTHBHICTE
CHUCTEMH aHTHOKCHUIAHTHOTO 3aXHCTy Ta
3MIHIOFOYHM OKpEMi TOKa3HHKH KHIIKOBOI
MiKpo0ioTH (aepoOHI MIKpOOH Ta €HTEpPO-
Oakrtepii) [13]. 3romoByBaHHS EKCTPAKTY
BUHOTPATHIX BHYABOK MOPCHKOMY OKYHIO
(Dicentrarchus labrax Linnaeus, 1758) He
BIUIMHYIIO HA MPHUPICT Macu puod, mpoTe 3y-
MOBHJIO TIOKpAIlEHHS KOHCUCTEHIT (ife,
3HIKEHHS BMICTY JIMi/IiB Ta KOHIIEHTpALii
HACHYCHUX JKUPHUX KHUCJIOT, HATOMICTh,
3pociia KOHIEHTpAIsl MOJiHEHACHYCHUX
KUPHAX KHCIIOT, a TaKOK 3HM3HWIACH aK-

FEEDS AND FEEDING



0. ZAPOROZHETS, O. DEREN

der the influence of hypoxia as a stress
factor — a decrease in lactate and cortisol
levels and an increase in antioxidant and
immune protection under hypoxia con-
ditions [15]. Adding grape pomace to the
feed did not affect the growth of European
seabass but reduced cortisol levels, gly-
cogen in the liver and muscles, and fillet
oxidation during storage, and also changed
the structure of the intestinal microbiota
[16]. Studies on rainbow abalone (Haliotis
iris Gmelin, 1791) showed that the inclu-
sion of grape pomace and insect meal in
the feed changed the ratio of lipids, carbo-
hydrates, individual amino acids and fatty
acids in the tissues, which confirms the de-
pendence of their composition on the com-
ponents of the diet [17].

Thus, the prospects for the use of this
additive in aquaculture are outlined. How-
ever, there is no comprehensive data on the
optimal form and norms for introducing
grape pomace into the feeding of various
fish species and a comprehensive analysis
of their impact on the productive indica-
tors of carp as well as indicative functional
indicators of the organism that correspond
to the biological properties of this additive:
the antioxidant status of the body and the
histomorphological state of the intestine.

The aim of the work was to study the
effect of introducing grape pomace in the
form of an extract into carp feed on the
growth, development and functional state
of the body as well as to substantiate the
optimal norms for the use of this functional
feed additive.

Analysis of the results obtained will
provide an opportunity to assess the effec-
tiveness of using grape pomace as a feed
additive in feeding carp and determine the
optimal methods of introducing this ad-
ditive into the diet. The study is aimed at
solving the current problem of increasing
resistance and ensuring optimal functional
characteristics of the carp organism under
modern conditions of the growing envi-

THBHICTh MAaJIOHOBOTO JiallbACTiay, IO
MiATBEPIKYE AHTUOKCHIAHTHHUH e(eKT
nobasku [14]. BBeneHHs 10 pariioHy Mo-
noxi cuurins (Liza aurata Risso, 1810)
BUHOTPATHOTO OCamy 3a ONTHUMAJIBHUX
YMOB TIO3UTHBHO BIUTUHYJO Ha PicT puo,
MIPUBENIO 10 3HIDKCHHS IJIIKOTEHy y Tie-
gignl 1 MIABHUIICHHS JI30LMMHOI aKTHUB-
HOCTI; 3@ BIUIMBY TiITOKCII SIK CTPECOBOTO
YMHHUKA — 3HIDKCHHS PIBHS JIAKTaTy Ta
KOPTH30JTy 1 MOCHICHHS aHTHOKCUIAHTHO-
r0 Ta IMyHHOTO 3aXHCTy B yMOBaX TilOKCi{
[15]. HonaBaHHS BUHOTPAIHUX BHYABOK
10 KOPMY HE BIUIMBAJIO HA PICT MOPCHKOTO
OKYHSI, aJie 3HIDKYBAJIO PiBeHb KOPTH3OIY,
IJIKOTEHY B TEYiHIN 1 M’g3aX Ta OKUCHEH-
Hs (ise mij gac 30epiraHHs, a TaKoX 3Mi-
HIOBAJIO CTPYKTYpPY KHUILIKOBOI MiKpoOioTH
[16]. ocmiKeHHST Ha MOPCBKOMY BYIITKY
(Haliotis iris Gmelin, 1791) mnoxa3zanu,
10 BKJIIOYCHHS BUHOTPATHHUX BHYABOK i
OopolIHa 3 KOMax 10 KOPMIB 3MiHIOBAJIO
CIIBBITHOIIICHHS JIIIJIIB, BYIJIEBOIB, OK-
peMHUX aMIHOKHUCIIOT i YKHUPHUX KHUCIOT Y
TKaHWHAX, IO MM ITBEPJIKYE 3aTICKHICTD 1X
CKJIaJly BiJl KOMIIOHEHTIB paifiony [17].

OTKe, OKPECIIEHO MEePCIIEKTHBH BHUKO-
pHCTaHHS 1aHOI T00aBKH B aKBaKyJIbTYpI,
IIPOTE BIJICYTHI BUUEPITHI JIaH1 IIIOJI0 OTITH-
MaJIbHOI ()OPMHU 1 HOPM BBEJICHHS BUHO-
IpaJHUX BUYABOK B TOJIBJI PI3HUX BHJIIB
pub Ta KOMIUIEKCHOTO aHAlli3y 1X BIUTUBY
Ha TPOAYKTHBHI ITOKa3HUKH KOPOTIa, a Ta-
KOX TTOKa30Bi (DYHKI[IOHAJIbHI MOKa3HUKU
OpraHi3My, IO BiJOBITAIOTH 010JIOTIY-
HUM BJIACTHBOCTSM JaHOi J00aBKH,
AQHTHOKCUJIAHTHOTO CTaTyCy OpTaHi3My Ta
ricTOMOP(OJIOTIYHOTO CTaHy KHIIEYHUKA.

Meta poOOTH TOJISITAE Y TOCIIKCHHI
BIUIMBY BBEIICHHS BHHOTPAIHUX BUYABOK
y GopMi EKCTpaKTy JII0 CKIaay KOpMiB
UL KOpOTia Ha PICT, PO3BUTOK Ta (YHK-
[IOHAJILHUI CTaH OpPTaHi3My, a TaKoXK 00-
IPYHTYBaHHI ONTUMAJIBHUX HOPM BHKOPH-
cTaHHs J1aHOi (DYyHKITIOHAJIBHOT KOPMOBOI
JTI00aBKH.

AHai3 OTpUMaHHMX pe3yJbTaTiB Ha-
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ronment. Introduction into production will
provide an opportunity to develop optimal
protocols for introducing this phytogenic
supplement into the carp diet for preven-
tive or therapeutic purposes as well as to
determine the economic efficiency of its
use.

MATERIALS AND METHODS

The study was conducted in 2025 at the
laboratory complex of the Institute of Fish-
eries of the NAAS, Kyiv. The object of the
study were age-1+ carps with an initial
average weight of 37.72+0.605 g. A con-
trol and three experimental groups were
formed, which were kept in 150 dm? aquar-
iums, each of which contained 25 carp in-
dividuals. The conditions for keeping fish
were identical in all groups, with optimal
physical and chemical parameters of the
water ensured through thermoregulation,
water exchange and aeration. The adapta-
tion period, during which fish of all groups
received the same diet, lasted 14 days. Ex-
perimental feeding was carried out twice
a day for 30 days. The control group of
fish was fedwith the artificial feed of the
following composition, %: fish meal — 15,
meat and bone meal — 5, wheat — 16, bran —
10, peas — 5, sunflower meal — 20, soybean
cake — 15, feed yeast — 7, corn starch — 5,
limestone flour — 1, premix — 1. The carp
of the experimental groups were fed with
grape pomace (Vin-Vita®), in particular:
experiment 1 — in the amount of 0.5%, ex-
periment 2 — 1.0%, experiment 3 — 2.0%.
Grape pomace was used in the form of a
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JIACTh MOXKJIMBICTD OI[IHUTH ¢()EKTUBHICTD
BUKOPUCTAHHSI BHHOTPAJIHUX BUYABOK SIK
KOPMOBOT JJ00aBKH B TOIBIII KOPOIIa Ta BH-
3HAYUTH ONTHMAJbHI CIIOCOOM BBEICHHS
JIaHOi JT00aBKH JI0 paiiony. JlocmiKkeHHs
CHpSIMOBaHE HA BHUPIIICHHS aKTyaJlbHOI
MpoOJIeMH TIABUINEHHS PE3UCTCHTHOCTI
Ta 3a0€3MCUYCHHS ONTUMANbHUX (YHK-
[IOHATTLHUX XapaKTePUCTUK OpraHi3mMy
KOpomna 3a Cy4acHHX YMOB CEpEIOBHIIA
BHUPOIIYBaHHs. BripoBaJkeHHS y BHPOO-
HUIITBO HAJACTh MOXIIUBICTH PO3POOUTH
ONTHMAJIBHI MPOTOKOJIHM BBEICHHS JaHOI
¢iToreHHoi g00aBKK 0 palioHy KOpo-
na i3 mpoQUIAKTUIHO YH JIIKYBaJIHHOIO
METOI0, 8 TaKOXK BU3HAYUTH CKOHOMIYHY
e(DeKTUBHICTD ii BUKOPHCTAHHSI.

MATEPIAJIN TA METOAH

Jocmimkenns nposeneHo y 2025 p. Ha
0a3i mabopaTopHOTo KOMILIEKCY [HCTHTYTY
pubHoro rocnogapctea HAAH, m. Kuis.
O0’ekTOM JOCTIIKEHHS OyJId ABOJNITKH
KOpOIa IIOYaTKOBOIO CEPEIHBOI0 MAacoro
37,72+0,605 r. CdhopMOBaHO KOHTPOJIBHY
1 3 JOCHifHI TPYIH, SIKHX YTPUMYBAIH Y
akBapiymax 00’emoM 150 nm?, y KoxeH 3
SIKUX OyJio momimeHo 1o 25 ocoOuH Ko-
pora. YMOBU yTpuMaHHsA puO Oynu ineH-
THYHUMH B YCIX TpymHax, Ipu IEOMY 3a-
0e3rne4eHo OoNTUMaibHI  (DiI3UKO-XiMiuH1
apaMeTpH BOAHOTO CEPEIOBHINA IIISIXOM
TEePMOpPEryIslii, BOIOOOMIHY 1 aeparii.
AjanTtaiiiHuid Tiepiosl, BIPOJOBXK SIKOTO
pubHU yCiX TPyI OTPHMYBAIH OJHAKOBUI
parttioH, TpuBaB 14 ni6. ExcnepumenTas-
Hy TOJIBIIO TPOBOJAWIN JBi4i Ha JI€Hb
BripoaoBx 30 11i6. KoHTponbHil Tpymi pud
3rOIOBYBAJIHM IITYYHHA KOPM HACTYITHOTO
ckiany, %: pubue 6opomrHOo — 15, M-
CO-KICTKOBE OOPONIHO — 5, MIIEHUIS —
16, BuciBku — 10, ropox — 5, mpoT co-
HAHUKOBHI — 20, Makyxa coeBa — 15,
JIPIKIDKI KOPMOBI — 7, KpOXMaJIb KyKYpY-
J3STHUE — 5, BamHsIKoBEe OopomHo — 1,
npemikc — 1. Kopomam nocnmigHux rpym
IO CKJIaIy PaIlioHy BBOIWIIM BUHOTPAIHI
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concentrated extract made from the skins
and seeds of dark grape varieties without
added sugar or preservatives. The sup-
plement contained bioflavonoids, pectins,
organic acids and minerals in biologically
active form (potassium, sodium, calcium,
magnesium, iron). The energy value was 6
kcal/L.

In accordance with the above biologi-
cal properties of the additive, upon com-
pletion of the experiment, individual pa-
rameters of the functional state of the body
of carp in the control and experimental
groups were analyzed.

The fish weight (W, g) was determined
by weighing on scales with an accuracy
of 0.1 g, and absolute (AWG) and rela-
tive (RWG) weight gains were determined
[18].

In order to study the activity of the
antioxidant defense system (ADS) of the
body, samples of the hepatopancreas of
carp were taken at the end of the experi-
ment. Superoxide dismutase (SOD) activ-
ity was determined by a method based on
the reduction of nitrotetrazolium blue by
superoxide radicals formed as a result of
the reaction between phenazine metasul-
fate and the reduced form of nicotinamide
dinucleotide [19], catalase activity was
determined by changing the concentration
of H,0, [20]. The concentration of diene
conjugates was determined by a method
based on the optical density reaction of the
heptaneisopropanol extract of lipids [21].
The concentration of thiobarbituric acid
(TBA products) was determined spectro-
photometrically by the color reaction be-
tween malondialdehyde and thiobarbituric
acid [22]. Protein content was determined
by the Bradford method [23].

The intestinal sampling of age-1+ carp
for histological and morphometric studies
was carried out by complete pathological
dissection of five individuals from each
studied group of fish [24, 25]. Small in-
testine pieces were fixed in 10% neutral

BuuaBku (Buu-Bira®), 3okpema: mociin 1
— y kinekocti 0,5%; nocnig 2 — 1,0%;
nmociig 3 — 2,0%. BunorpaiHi BUYaBKH
3rofloByBajn y (OpMi KOHIIEHTPOBAHOI'O
EKCTPAKTY, [0 BUTOTOBIISIETHCS 31 IMKIPKU
Ta KICTOUOK TEMHHX COPTiB BUHOTpaTy 0e3
JIOJIaBaHHS IYKPY 1 KOHCcepBaHTiB. J[o0aB-
Ka MICTUTH 0i10(pIaBOHOINN, IEKTUHH, Op-
TaHIYHI KACJIOTH Ta MiHEpabHI PEUOBUHH
y 6ionoriuHo akTuUBHINM dopmi (kamii, Ha-
Tpili, KabIlii, MarHid, 3amizo). Enepre-
TUYHA [IHHICTH CKJIaae 6 KKaj/I.

BignoBigHO 10 3a3HadyeHUX BUILE Oi-
OJIOTIYHUX BIIACTUBOCTCH MT00ABKH, ITiCIIS
3aBEpIICHHS EKCIIEPUMEHTY MpPOaHaNTi30-
BaHO OKpEMi MOKa3HUKU (DyHKIIOHAIBHO-
r0 CTaHy OpraHi3My KOpOITiB KOHTPOJIBHOT
Ta JOCIIHUX TPYIL.

Busnawyanu macy pu6 (P, r) 3BaxcyBaH-
HSIM Ha Barax 3 TouHicTio 0 0,1 1, mokas-
HUKH abcomoTHOTO (AII) Ta BimHOCHOTO
(BIT) mpupocris macu [18].

3 MeTOI0 MJOCHIIKCHHS aKTHBHOC-
Ti CHCTEMH AHTHOKCHIAHTHOIO 3aXUCTY
(CA3) opraHi3Mmy Ticlisl 3aBEpIICHHS eKC-
MEPUMEHTY BiiOpaHO 3pa3ku remaTornaH-
Kpeaca KOpOIiB. AKTUBHICTh CYTIEPOKCH/I-
nucmytasu (CO/l) BU3Ha4aIM 3a METOJIOM,
mo 0a3yeThCsl Ha BiJTHOBIICHHI HITPOTE-
TPa30Jil0 CHHBOTO CYNEPOKCHIHUMHU pa-
IUKaJlaMH, SIKi yTBOPIOIOTHCS Y pe3yIbTa-
Ti peakuii MK (peHa3MHMeETacynb(haroM i
BIJTHOBJICHOIO (DOPMOIO HIKOTHHAMIJITH-
Hykjeotuay [19], axkTuBHICTH KaTanasu
— 3a 3MiHo0 Konuentpauii H O, [20].
KoHuieHTpalito 1i€HOBUX KOH’IOTATiB BH-
3HAYaJIK 32 METOJOM, IO IPYHTYETHCS Ha
peakiii ONTHYHOT I'YCTHHU TeNTaHi30Mpo-
MAHOJIBHOTO eKCTpakTy jimiaiB [21]. Bu-
3HA4YeHHS KOHIIEHTpalii TiobapbiTyparo-
Boi kucnotu (TBK-niponykTr) mpoBoaniu
CHEeKTPO(OTOMETPUYHO 33 KOJILOPOBOIO
PEaKIliero Mk MAJIOHOBUM JT1aJTbICT1IOM 1
Ti00ap6iTypoBotO KuCIoTOIO [22]. Busna-
YCHHS BMICTY OiJIKa IMPOBOJMIH 32 METO-
oM bpendopaa [23].

Bin6ip mpo0 KHIIeYHUKA TBOJITOK KO-
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formalin solution with subsequent dehy-
dration in ethyl alcohol of increasing con-
centration (70; 80 and 96°) and subsequent
embedding in paraffin. Histological sec-
tions 7-8 um thick were prepared on a slide
microtome MS-2. For the morphological
structure of the intestine, histological sec-
tions were stained with hematoxylin and
eosin [26]. When conducting morphomet-
ric studies, the height of the intestinal villi
(HV), the depth of the crypts (DC), their
ratio (HV/DC), as well as the width of the
muscular coat were determined using the
morphometric program “DP-SOFT” [27].
Microscopy of histological sections was
performed using specialized manuals and
atlases [28, 29].

Statistical processing of the results ob-
tained was carried out by the method of
variational statistics using the functions of
the Microsoft Excel program, with an em-
phasis on the standard errors [30].

STUDY RESULTS
AND THEIR DISCUSSION

The study analyzed the effect of adding
grape pomace to the diet of age-1+ carp on
their productive performance. The average
initial weight of fish in the experimental
groups was 37.7 g. Upon completion of the
study, no pronounced effect of the exper-
imental phytogenic supplement on AWG
and RWG was found (Fig. 1).

In experiment 1, at the minimum con-
tent of the additive in the feed, AWG was
only 0.3% lower compared to the control,
i.e. remained practically unchanged, while
RWG decreased by 1.7%. In experiment
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pora Juisi TIPOBEJICHHsI TiCTOJOTIYHUX Ta
MOP(QOMETPUYHUX JOCIIIXKEHb 3M1HCHIO-
BaNIM INDIIXOM ITOBHOTO IIaTOJIOTOAHATO-
MIYHOTO PO3TUHY 5-TH OCOOMH 3 KOXHOI
JOCITIJPKYBaHOT Tpymu pud [24, 25]. lma-
TOYKH TOHKOTO KHINEYHHKa (ikCyBajau B
10%-My HEHTpanpHOMY po34HHi (popmarri-
HY 3 MOJAJBIIO0 JIeTiaparalicto (3HeBOoI-
HEHHSIM) y €THJIOBOMY CITUPTI BHCXITHOT
koHueHTpauii (70; 80 ta 96°) Ta moxab-
MM 3aJMBaHHAM y napadin. [icTomoriv-
Hi 3pi3M TOBIIMHOIO 7—8 MKM BHTOTOBIISUII
Ha caHHOMY MikpoTomi MC-2. [lns mop-
(OTOTIYHOT CTPYKTYPH KHUILIEUHHUKA TiCTO-
JIOT1YHI 3pi3u GapOyBalii reMaTOKCHIIIHOM
Ta eozuHoM [26]. Ilpu npoBeaenHi mopdo-
METPUYHHX JOCIIIKCHb BU3HAYAIN BUCO-
Ty BOpPCHHOK KuieuHuka (BB), mubuny
kpunt (I'K), ix cnisBigHomenns (BB/T'K),
a TaKOXX LIMPUHY M 530BOi 0OOJIIOHKH, BH-
KOPHUCTOBYIOUH MOpP(GOMETPHUYHY Iporpa-
My «DP-SOFT» [27]. Mikpockorito ricTo-
JIOTIYHUX 3pi3iB TPOBOIMIIH, 3aCTOCOBYIO-
YM CHeliaii3oBaHi Ui ragy3i NOCIOHUKH
Ta atnacu [28, 29].

Crartuctuuny 0OpOOKYy pe3ynbTaTiB
MIPOBOJIMIIA METOJIOM BapialliiiHOi cTaTuc-
THKH 3a JIOTIOMOro0 (YHKILIH mporpamu
«Microsoft Excel», 3 akmenTtom Ha 10-
XUOKHU CepefiHiX apu(METHUHUX BEITHUUH
[30].

PE3YJIBTATHU JOCJIJIXEHb
TA IX OBIOBOPEHHS

[Ticns 3aBepIeHHS TOCITIPKEHb poa-
HaJII30BaHO BIUIMB JIOJIAaBaHHS JIO PAIliOHY
BUHOTPATHIX BHYABOK Ha IPOLYKTUBHI
MOKAa3HUKH JIBOJITOK Kopoma. CepemHs
MOYaTKOBa Maca pud eKCIepHUMEHTATbHUX
rpyn cknagana 37,7 r. [licis 3aBepuicHHAS
TOCTIKEHHsT HE BCTAHOBJICHO BHpaxe-
HOTO BIUIMBY EKCIIEPUMEHTAIBHOT (iTo-
reguoi go0asku Ha mokasHuku AIT 1 BII
(puc. 1).

VY nocmiai 1, 3a MiHIMaJbHOTO PiBHA
BKIIFOYCHHS JI00aBKH 110 Kopmy, All macu
pu6 OyB nuire Ha 0,3% HIKIUM TTOPIBHSI-
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Fig. 1. Absolute and relative weight gains of experimental groups of carp (n=25)

2, the opposite trend was observed: AWG
exceeded the control one by 4.5%, while
RWG was lower by 2.8%. In experiment 3,
at the maximum content of grape pomace
in the carp feed, an increase in AWG by
1.8% and RWG by 0.3% was recorded.

After introducing grape pomace into
the carp diet for 30 days, the weight gain
of the fish practically did not change.

The results obtained indicate that the
introduction of grape pomace into the carp
diet for 30 days did not lead to significant
changes in fish weight gain. This is con-
sistent with current data that the inclusion
of grape pomace in carp diets did not al-
ways cause statistically significant chang-
es in productive paramegters, but had a
positive effect on certain physiological and
biochemical parameters of the body [13].

Some differences were found between
the experimental and control groups ac-
cording to the composition of the diet
when ADS activity in the hepatopancreas
of carp.

Analyzing the activity of the enzyme
link of the ADS, a slight increase in cat-
alase activity (by 0.7%) was found in ex-
periment 1, with a minimum level of grape
pomace introduction into the feed (Ta-
ble 1).

In experiments 2 and 3, on the contrary,

HO 3 KOHTPOJIEM, TOOTO 3aJIAIIABCS MPaK-
THYHO HE3MIHHUM, TOi K BII 3mMeHIMBCs
Ha 1,7%. Y nocnimi 2 criocTepiranacs npo-
TwiexkHa TenaeHuis: All mepeBuiyBaB
KOHTPOJIbHUN TOKa3HUK Ha 4,5%, ogHaK
BII 6yB Hmxuum Ha 2,8%. Y nocmigi 3,
32 MaKCHMaJIBHOTO PiBHS BBEJICHHS BHHO-
rpaJHUX BUYABOK JO PaIliOHy KOpOIIa, 3a-
¢ikcoBano migsuiieHHs All Ha 1,8% i BIT
Ha 0,3%.

BceranoBneHo, 1m0 B pe3yJsibTari BBe-
JICHHS 710 CKJIaIy paIlioHy KOpoIla BIIPO-
noBx 30 1110 BUHOTPaJHUX BHYABOK IPH-
picT Macu pub NPakTUYHO HE 3MIHIOBABCSL.

OTpuMaHi pe3yJbTaTH CBigYaTh, IO
BBEJICHHS BUHOTPAJHUX BHYABOK J0 paili-
OHY Koporia BIpoaorx 30 1i0 He MpuBeso
JI0 CyTTEBHX 3MiH MOKa3HHUKIB pocty. Lle
Y3TOIKYETHCSI 3 CYYaCHUMHU JAHWMH, IO
BKJTIOUCHHST BUHOTPAIHUX BHYABOK 70 pa-
[IIOHIB KOPOTIa HE 32BN CIIPUYHHSIE CTa-
TUCTUYHO 3HAUYYIIl 3MiHU MPOXYKTUBHHUX
MTOKAa3HUKIB, TPOTE MO3UTUBHO BIIMBAE HA
okpemi (i3i0J10r0-010XIMIUHI TTOKA3HUKH
opranizmy [13].

VY pesynbTari J0CIiPKeHb aKTUBHOCTI
CA3 y renarormankpeaci KOpOITiB BCTAHOB-
JIEHO JEsIKl BIAMIHHOCTI MIXK HOCIIIHUMU
Ta KOHTPOJIBHOIO TPYIO0, BIJIMIOBIIHO IO
CKJIaJly palioHy.

Ha mincraBi aHamizy akTHBHOCTI ¢ep-
MeHTHOT Jlanku CA3 BCTaHOBJICHO He-
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there was a slight tendency to a decrease
in this parameter — by 0.6 and 0.3%, re-
spectively. At the same time, the activity of
SOD, a key enzyme of the ADS, decreased
in all experimental groups — by 19.6; 18.0
and 47.0% (p < 0.01).

At the same time, a lower content of
lipid peroxidation products was recorded
in all experimental variants compared to
the control. In particular, the level of diene
conjugates was lower by 27.8; 27.1 and
31.6%, and TBA products by 13.3; 6.7 and
36.7%, respectively.

In general, a significant decrease in the
content of lipid peroxidation products with
a simultaneous decrease in SOD activity
may indicate the antioxidant properties of
grape pomace, which directly neutralize
active oxygen species and prevent the de-
velopment of lipoperoxidation. As a result,
the body’s need for activation of the enzy-
matic link of the ADS, in particular SOD,
decreases and is an adaptive response of
the body to reduce the formation of free
radicals. The simultaneous decrease in the
level of lipid peroxidation products con-
firms that free radical oxidation processes
were less intense and the antioxidant status
of the body was more stable [31].

The established reduction in the level
of lipid peroxidation products is consist-
ent with data on the ability of grape pom-
ace to inhibit peroxidation and reduce the
level of oxidative stress in fish, which is
explained by the high content of polyphe-

3HAYHE [iBUILEHHS aKTUBHOCTI Karajga3y
(ma 0,7%) y mocmiai 1, 3a MiHIMaIbHOTO
PIiBHSI BBEICHHS BUHOTPAIHIX BHYABOK J0
KopMy (Tadm. 1).

VY nocmigax 2 i 3, HaBMAKH, CIIOCTEPi-
rajacs He3HAYHA TEHJICHIIIS 10 3HUKCHHS
nporo nokasauka — Ha 0,6 Ta 0,3% Bizgro-
BigHo. Bognouac, akruHicte CO/, xiro-
yoBoro ¢epmenty CA3, 3MeHIIyBanacs B
ycix pocnigHux rpynax —Ha 19,6; 18,0 Ta
47,0% (p <0,01).

PaszoMm i3 num, 3aikcOBaHO HMKUIMH
BMICT Mmoka3HukiB nponyktiB [1OJI B ycix
JOCTITHUX BapiaHTax IMOPIBHSHO 3 KOH-
TPOJBHUM. 30KpeMa, pIBEHb JIEHOBUX
KoH’torariB OyB HWx4uM Ha 27,8; 27,1 Ta
31,6%, a TBK-npoxyxrie — nHa 13,3; 6,7
Ta 36,7% BIAIOBIIHO.

3aramoM CyTT€BE 3HIKECHHS BMICTY
npoayktiB [1OJI 3a omHOYacHOTO 3MeH-
meHHs aktuBHOCTI COJ] MoXke CBIAUMTH
PO AHTUOKCHUJIAHTHI BJIACTHBOCTI BUHO-
IpaJHUX BHUYABOK, SKi 0e3moceperHbo
HEUTpai3yloTh aKTHBHI (OpPMH KHUCHIO
Ta MEPEeIIKO/KAIOTh PO3BUTKY JIIITOIIe-
pokcunamii. YHacmiok Iboro morpeda
OpraHi3My B akKTHBaIlil (epMEHTATHBHOI
nanku CA3, 3okpema CO/l, 3MeHIIyeThCA
1 € QJaNTUBHOI PEAKIN€l0 OpraHi3My Ha
3MEHIIICHHSI YTBOPCHHS BIIBHHUX pajuKa-
niB. OHOUACHE 3HWKEHHS PIBHS MPOIYK-
tiB [TOJI migTBEepAXKYy€E, IO MPOLIECH BiJb-
HOPaINKaJBbHOTO OKHCHEHHS Oyl MEHII
IHTCHCHUBHUMH, a aHTHOKCHUJIAHTHUHN CTa-
TyC OpraHi3Mmy cradutbHIHM [31].

BcranoBneHe 3HMKEHHsSI PIBHS TPO-

Table 1. Activity of antioxidant enzymes and content of lipid peroxidation prod-

ucts in carp hepatopancreas (M+m, n=3)

Enzyme activity | Control | Experiment 1 | Experiment 2 | Experiment 3
Superoxide dismutase, U/min X mg 4794030 385+ 033 3934027 254 40 30%*
protein ' ’ ' ' ' ’ ’ ’
Catalase enzyme activity, pmol 4815030 4850+0.19 47854024  47.99+0.23
H,0,/min x mg protein
Diene conjugates, nmol/mg protein 1.33+0.25 0.96+0.14 0.97+0.33 0.91 +£0.04
gf)i'if‘f“ve products, nmol/mg 030+0.04  0.260.07 0.28 +0.02 0.19+0.06

Note. Differences are significant compared to the control group: **p < 0.01.
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nolic compounds (in particular, resveratrol
and proanthocyanidins), which directly
neutralize reactive oxygen species [10].

The results of morphometric analysis
of the middle intestine of carp showed that
the normal architectonics of the compo-
nents was preserved in all groups of fish
(Table 2).

Analyzing the data in Table 2, we can
state the following: the villi height and the
crypts depth were lower in all experimen-
tal groups of fish compared to the control
(by 23.67; 50.88; 136.36 and 4.11; 14.16;
24.60 pm, respectively). When grape pom-
ace was introduced at an amount of 0.5;
1.0 and 2.0% of the feed weight, the width
of the muscular membrane of the carp in-
testine was smaller compared to the con-
trol by 3.35; 9.18 and 22.11 um.

According to the results of histological
studies, it can be concluded that the micro-
structure of the intestinal wall of all stud-
ied individuals at the end of the experiment
corresponded to the norm. For a compara-
tive analysis, we took the structure of the
middle part of the intestinal wall of the
control group fish as a kind of standard
(Fig. 2).

As can be seen from Figure 2, the or-
gan wall is formed by mucous, muscular,
and serous membranes (or layers). The
submucosal base in the posterior intestine
of carp has a vague structuring, which is a
species-specific feature [32].

In the future, the main attention is fo-
cused on the study of the components of
the first two layers, since the changes oc-
curring in them are of diagnostic signifi-

nykTiB [1OJI y3romkyeThes 3 TaHUMH TIPO
3[aTHICTh BUHOTPAIHUX BHUYABOK IIPH-
THIYYBAaTH TIEPOKCUIAINIO Ta 3HUKYBATH
PIBEHb OKCHJIATUBHOIO CTpecy y puo, 10
MTOSICHIOETHCSI BUCOKMM BMICTOM TIOJTi(e-
HOJIBHUX CIOJIYK (30KpeMa pecBepaTpolry
Ta MPOAHTOIIaHIINHIB), sSIKi Oe3mocepel-
HBO HEHTpasi3yloTh akTUBHI (OpMU KHC-
mio [10].

3a pesymsraTaMu MOP(GOMETPUIHOTO
aHalli3y CepeIHBOTO BIUIUTYy KHUIICYHHKA
Kopona OyJ0 BCTaHOBJICHO, IO HOPMAlib-
Ha apXITEeKTOHIKA CKIIAJOBUX 30epeKeHa B
ycix rpymnax pu6 (tabm. 2).

AHaNI3yOUM JaHl TabmuIi 2, MOXHa
KOHCTATyBaTd HACTYITHE: MOKA3HUKH BU-
COTH BOPCUHOK Ta IJIMOWHH KPHIIT OYyIIH
HIWKYUMH y BCIX JOCHIAHHUX Tpymax puod
MOPIBHAHO 3 KOHTPOJIBHOWO (Ha 23,67;
50,88; 136,36 1 4,11; 14,16; 24,60 MM
BIJIMOBIJTHO). 3a BBEJCHHS BHHOTPAJIHUX
BU4aBOK B KibkocTi 0,5; 1,0 Ta 2,0% Bix
MacH KOpMY IIHPHHA M’S30BOi OOOJIOHKH
KHIIIEYHUKA KOporia Oyyia MEHIIIO BiTHOC-
HO KOHTpOJTO Ha 3,35; 9,18 122,11 MKM.

BinnosigHo 10 pe3ydbTaTiB TiCTONO-
TYHUX JOCII/PKCHb, MOXKHA 3POOHTH BU-
CHOBOK, IO HANPHUKIHII EKCIICPUMEHTY
MIKPOCTPYKTYpa CTIHKH KHIIIEYHUKA BCIX
JIOCHIJPKEHUX OCOOHMH BifNIOBifaga HOPMI.
3 MeTOI0 MPOBENCHHS MOPIBHIIGHOTO aHa-
J1i3y, 38 CBOEPIHUII €TanoH HamMu OyJ0 B3-
TO OymOBY CEpelHbOI YACTHHH KHIIKOBOT
CTIHKH pUO KOHTPOJBHOI IpymH (puc. 2).

Sk BHJHO 13 pHCYHKa 2, CTiHKa opra-
Ha copMOBaHa CIIM30BOIO, M SI30BOIO Ta
Cepo3HOI O00oNoHKamu (abo Mmapamu).
[lincnuzoBa ocHOBa y 3aJHBOMY Biainmi
KHIIEYHUKA KOPOTIa Ma€ HEBUPA3HY CTPYK-

Table 2. Morphometric parameters of the small intestine in age-1+ carp fed with
a diet containing grape pomace (M*m, n=3)

Investigated parameters | Control | Experiment 1 | Experiment 2 | Experiment 3
Height of intestinal villi, um  548.41+26.63 524.74+23.91  490.53+£22.71* 412.05+18.43%%*
Crypts depth, pm 91.57+9.65 87.46+8.82 77.41+8.35% 66.97+7.48%*
Muscle layer width, um 61.82+6.53 58.47+6.31 48.64+5.29* 39.71+4.62%*

Note. Differences are significant compared to the control group: *p < 0.05; **p < 0.01.
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Fig. 2. Structure of the middle intestine of age-1+ carp. Control group. 1 — villus;
2 — epitheliomorphic layer of the mucous membrane; 3 — crypt; 4 — lamina propria of the
mucous membrane; 5 — muscular lamina of the mucous membrane; 6 — submucosa; 7 —
muscularis; 8 — serosa. Hematoxylin Gill 2, eosin “Y”. X160 (© Zaporozhets, O.)

cance. Thus, two populations are distin-
guished in the epithelium of the mucous
membrane — prismatic (marginal) entero-
cytes and goblet cells. Small endocrine
cells are not visible on the preparations,
which can be explained by the inappropri-
ate thickness of the histological section for
their detection (8.0 pm). The cytoplasm of
bordered enterocytes is moderately oxyph-
ilic, the nuclei are predominantly elliptical.
The cytoplasm of most goblet cells is filled
with a finely dispersed secret. Nuclei are
elliptical, oriented closer to the basement
membrane; chromatin pits and nucleoli are
not visible in detail. Epitheliomorphic lay-
er, muscular layer and lamina propria form
folds and crypts.

It was found that the reaction of the
components of the middle intestinal sec-
tion of the fish of experiment 1 to the ad-
dition of 0.5% grape pomace to the feed
was virtually absent. The exception is the
intestines of fish from experimental groups

136

TypHU3allito, 1Mo € BUAOCTeIH(IYHOW 03-
Hakoro [32].

VY mojaneoMy OCHOBHA yBara akileH-
TOBaHA Ha MOCIIHKEHHI CKIAZOBHMX IBOX
MIEPIINX IapiB, OCKUTBKH 3MiHH, IO B HUX
B1/10yBalOThCSI, MAIOTh JIIaTHOCTHYHE 3HA-
yenns. OTke, B emiTenii CIn30B01 000I0H-
KU BHJIUJISIOTHCS Bl TOIYJSIIi — TpU3-
MaTH4Hi (KaeM4acTi) eHTepOLUTH Ta Ke-
JUXOTNOAI0HI KIIiTUHU. J[piOHI €HJOKpHUHHI
KIIITHHH Ha Mperaparax He MPOCTeKYOTh-
Csl, 10 MOYKHA ITOSICHUTH HEBIAIIOBIIHOIO
JUTsE X BUSIBJICHHSI TOBIIMHOKO TiCTO3Pi3y
(8,0 mxMm). [{uTormazmMa KaeM4acTHX €H-
TEPOIUTIB TOMIPHO OKCHU(UIbHA, siIpa
riepeBakHo enmintuyHi. [{uroruiazma 6inb-
LIOCTI KEJIUXOIIOAIOHIX KIIITUH 3all0BHEHA
JpiOHOMCTIEPCHUM CEKpeToM. Spa enirn-
THYHI, OPIEHTOBAHI ONMKYe 710 Oa3abHOT
MeMOpaHH; ITMOKH XpOMAaTHHY Ta HyKJIe-
OJTM JICTAJIBHO HE MporisiatThes. Emite-
miomophHuUil map, M’s130Ba 1 BJIacHa Iuiac-
THHKA (OPMYIOTh CKIIAJIKU Ta KPHUIITH.
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2 and 3, the layers of which react positive-
ly to the presence of the experimental addi-
tive in the feed. The histological picture of
the mucosal reaction is specific, as shown
in Figure 3.

According to Figure 3 “A”, with the
similarity of the length of the villi with
those in the fish of the control group (see
Figure 2), activation of the cellular com-
position of the mucous membrane was re-
corded. A characteristic diagnostic feature
is the elongation of the nuclei of the squa-
mous epithelium and an increase in the

Bymno BcTaHOBNIEHO, IO peakiis cKia-
IIOBUX CEPEIHBOTO Bi[UILTY KHIICYHUKA
pub mocmiay 1 Ha IomaBaHHS JI0 KOPMY
0,5% BHUHOrpagHUX BHYABOK (haKTHUHO
BiZICYTHS. BUHATOK CTaHOBUTH KUIICUHUK
pub 2 1 3 mocnigHUX TPy, LIapH SKOTO
MIO3UTHBHO PEaryioTh Ha IPUCYTHICTH €KC-
MEPUMEHTAIILHOI T0OOABKH Y CKIIaJi KOPMY.
[NicronmoriuHa KapTWHA peakIii CIU30BOI
obononku crnenrdiyHa, Mo BigoOpakeHo
Ha PHUCYHKY 3.

3a TaHUMHU PUCYHKa 3 «A», NIPU CXO-
KOCTiI JTOBKHHH BOPCHHOK 3 aHAJIOTAMHU

D — experiment 3. 1 — villus; 2 — marginal enterocyte; 3 — goblet cell; 4 — lamina propria of
the mucous membrane; 5 — muscular lamina of the mucous membrane; 6 — submucosa; 7 —
muscularis; 8 — crypt; 9 — serosa; 10 — hepatopancreas. Gill 2 hematoxylin, eosin “Y”. X100,

400 (© Zaporozhets, O.)
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number of goblet cells (Fig. 3 “B”). Figure
3 “C” clearly shows the contraction of the
villi, the filling of the goblet cells with se-
cretion. The fact of modulation of lymph-
blood flow was noted (Fig. 3 “D”).

The presence of grape pomace extract
in the feed improves intestinal motility.
The most significant result was achieved
when using the additive at a concentration
of 2% (experiment 3). A comparative his-
tological picture of the intestinal sections
is shown in Figure 4.

As shown in Figure 4 “A”, the nuclei
of smooth myocytes of the circular layer
have a lanceolate shape, which is closer to
elliptical. In Figure 4 “B” it is noticeable
that the nuclei are strongly elongated. In
some places, they have an irregular, worm-
like shape.

Paneth cells were found in the crypts
of the intestines of fish from experiment 3
(Fig. 5).

As seen in Figure 5, Paneth cells tend
to be diffusely located. A specific feature
of the cells is the peripheral location of the
nuclei and eosinophilic granularity of the cy-
toplasm. According to the results obtained,
cells of this type were not detected in fish in
the control and experiment 1. They were al-

65um

y pub KOHTPOJBHOI Tpynu (IUB. puc. 2)
(ikcyeThCs aKTUBI3aLlisI KIITHHHOTO CKJIa-
Iy cim30Boi  000NOHKH. XapaKTepHOIO
JIarHOCTHYHOIO O3HAKOK) € BUTATHYTICTh
sJIep KAEMYACTOTO CIITENII0 Ta 3pOCTaHHS
KUTBKOCTI KEJIMXOMOAIOHUX KIITUH (pHC.
3 «By»). Ha pucynky 3 «C» BupaszHo mo-
MITHI CKOPOYEHHsI BOPCHHOK, 3aITOBHECHHS
KEJIMXOMOAIOHUX KITITHH ceKpeToM. Biami-
4YeHU (hakT MOYIIOBaHHS JIiM(O- KPOBO-
TOKY (puc. 3 «D»).

IpucyTHICTb Y CKIIai KOPMY EKCTPAKTY
BHUHOTPATHIX BHYABOK ITOKPAIITYE MOTOPH-
Ky kumeuHuka. Hai3Hadynimmii pesyinb-
TaT OYJIO IOCATHYTO il YaC BUKOPUCTAHHS
nobaBk y KoHueHTtpauii 2% (mocmig 3).
[TopiBHsITbHA TiCTONIOTIYHA KapTUHA MLJIS-
HOK KHIIICYHUKA TI0Ka3aHa Ha PUCYHKY 4.

Sk cBiuarh JaHi pucyHka 4 «A», sapa
DIAJKUX MIOIMTIB IHUPKYISIPHOTO Iapy
MAaIOTh JIAHIIETOIOAI0HY (hopMy, IO OITHXK-
ye jo enintuuHoi. Ha pucynky 4 «B» mo-
MITHO, I[O S7Jpa CHIIBHO BUTIATHYTI. MicIis-
MU BOHHU MAalOTh HEMPABUWIbHY, Ha KIITAIT
4epBOINOIIOHOT, opMmy.

VY normOneHHsX KPUNT KHUIIEYHHKA
pu6 mocmigy 3 Oyid BHUSBJICHI KIITHHH
[Tanera (puc. 5).

Sk IEMOHCTpYE PHCYHOK 5, KJIITHHHU

Fig. 4. Muscular membrane of the posterior intestine of age-1+ carp. A — control. B —
experiment 3. 1 — lamina propria of the mucous membrane; 2 — circular layer; 3 — longitudinal
layer; 4 — capillary; 5 — serosa. Gill 2 hematoxylin, eosin “Y”. X400 (© Zaporozhets, O.)
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VARSI

Fig. 5. Paneth cells (indicated by arrows). Experiment 3. 1 — lamina propria of the
mucosa; 2 — muscularis mucosa; 3 — submucosa; 4 — muscularis; 5 — serosa; 6 — hepato-
pancreas. Gill 2 hematoxylin, eosin “Y”. X500 (© Zaporozhets, O.)

most never found in the fish of experiment 2.
Studies of the exocrine segment of
the hepatopancreas of fish showed that
contrasting changes in tissue components
are observed in fish of experiment 3. Mi-
crolevel changes in the exocrine “pancreat-
ic” segment are demonstrated in Figure 6.
Figure 6 “A” shows that acinocytes (ex-
ocrine parenchyma) have a weakly oxyph-
ilic color. The nuclei are distinguished by
horizontal polarity. The vascular network
is moderately dilated. Figure 6 “B” shows
a noticeable change in the saturation of the
acinocyte cytoplasm towards the acido-
philic range. Increased secretory activity
of cells is accompanied by a change in the
polarity of the nuclei towards the basement
membrane and dilation of blood vessels.
Histological studies of the margin-
al zone in the liver of fish from the con-
trol group showed moderate lipostasis in
hepatocytes (Fig. 7).
Figure 7 shows the heterochromia of
the cytoplasm of hepatocytes. The nuclei
are hyperchromatic in relation to the main

[TaneTa MarOTh TEHJACHIIIO IO TUPY3HOTO
postamyBanHs. CrnenudiyHOI O3HAKOIO
KIITHH € TmepudepruHe po3TalryBaHHS
siep Ta €03MHO(IIbHA 3EPHUCTICTH LH-
TOIUTa3MH. 3TiHO 3 OTPUMAHUMHU PE3yIIb-
TaTamMy, KJIITHMHU JaHOTO THIly y pUO y
KOHTPOJI Ta Jociiai 1 He Oyau BHSBICHI.
VY pub pocnigy 2 BOHM Maixe HE 3yCTpi-
JaJTHCA.

JocimKkeHHsT eK30KPHUHHOTO CETMEHTY
remaronaKpeacy pud J03BOJHIIN BCTAaHO-
BUTH, 1IJ0 KOHTPACTHI 3MiHU y TKAHUHHUX
CKJIQJIOBUX CIIOCTEPIraroThCs y puO A0CIi-
1y 3. MikpopiBHEBi 3MiHH B €K30KPUHHO-
My «IJIIUTYHKOBOMY» CETMEHTI Tpojie-
MOHCTPOBAHO Ha PUCYHKY 6.

Ha pucynky 6 «A» BUAHO, IO aIu-
HOLUTH (EK30KPHHHA MAPECHXIMAa) MAIOTh
cinabookcudiibHe 3abapBieHHA. Snpa
BIJIPI3HAIOTBCS TOPHU30HTAIBHOIO MOJISp-
HIiCTIO. BackynsipHa Mepeka moMipHO po3-
mupeHa. Ha pucynky 6 «B» nomitHa 3wmi-
HAa HACUYEHOCTI LUTOIUIA3MU AllMHOLIUTIB
y 0ik anmpodinpHOi ramu. IliaBHUIECHHS
CEKPETOPHOT aKTHBHOCTI KJIIITHH CYIPOBO-
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Fig. 6. Hepatopancreas of age-1+ carp. Exocrine segment. A — control. B — experi-
ment 3. 1 —acinocytes; 2 —acinar duct; 3 — capsule; 4 — arteriole; 5 — venule. Gill 2 hematox-

ylin, eosin “Y”. X100 (© Zaporozhets, O.)

stain, which is evidence of the resumption
of growth and regeneration processes in
certain areas of the organ. It should be not-
ed that in the series “control — experiment
1 — experiment 2” the histological picture
of the liver parenchyma has a correspond-
ing similarity.

It was found that the ratio of cell pop-

JOKYETBCS 3MIHOKO TIOJISIPHOCTI siiep y Oik
6azanpHOi MEMOpaHH Ta pO3IIUPEHHIM
CYIIUH.

[Ncronorivni gOCiKSHAS MapriHalb-
HOI 30HU TEYiHKU pUO KOHTPOIBHOI TPYIIH
JIO3BOJIMJIM BCTAHOBUTH Yy TeNaroluTax
MOMIpHMIA JTinmocTas (puc. 7).

Ha pucynky 7 MoxHa 00auuTH TeTe-
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ulations in the liver parenchyma changes
under the action of 2% grape pomace ex-
tract (Fig. 8).

Analysis of the content of Figure 8
allows stating that the cytoplasm of most
hepatocytes loses fat-containing vacuoles
(see Figure 7) and acquires a characteris-
tic granularity and saturated shade. Cell
nuclei are hyperchromatic with respect to
the main stain. Sinusoidal capillaries have
normal blood filling.

In general, the results obtained indicate
a positive effect of grape pomace on the
morphofunctional state of the digestive or-
gans, which is confirmed by the absence
of pathological changes in the tissues.
Regarding the intestine, at first glance,
the low height of the villi and the depth
of the crypts of the experimental fish give
the impression of a decrease in the area of
the suction surface, but in fact the radius
of curvature of the villi changes. The to-
tal area of the suction surface remained
unchanged, because the quantitative
composition of the cell populations was

POXPOMHICTh ITUTOIUIA3MHU TEIaTOIUTIB.
Snpa € rinepXpoMaTHYHUMH BiJTHOCHO OC-
HOBHOTO OapBHHKA, 1110 € CBITYCHHSM BiJI-
HOBJICHHSI TIPOIIECIB POCTY Ta pereHeparii
B OKpEMHX IUISHKaX opraHa. [Ipm mpomy
CJIiJT 3a3HAYMUTH, 10 Y PAJ KKOHTPOIb —
nmocnin 1 — mocmia 2» TicTosorivyHa Kap-
THUHA MAPEHXIMU MEUiHKH Ma€ BiINOBIAHY
CXOXKICTB.

Bcranosneno, mo B ymoBax il 2%
EKCTPAKTy BUHOTPAIHUX BHYABOK CITIBBII-
HOIIEHHS KJIITHUHHUX NOMYJIALiil y napeH-
XiM1 TICYIHKHU 3MIHFOETHCS (pHC. 8).

AHani3 3MIiCTy pUCyHKa & 03BOIISIE
CTBEP/DKYBATH, IO IMTOILIA3Ma OLIbIIO-
CTi TeNaTOIUTIB BTPAYa€ >KUPOBMICHI Ba-
Kyouti (iuB. puc. 7) 1 HaOyBae XapakTepHOi
3€pPHUCTOCTI 1 HACHUEHOT'0 BiATIHKY. Snpa
KITIITHH T1IIepXpOMaTHYHI BITHOCHO OCHOB-
Horo OapBHUKA. CHHYCOIHI Kamiasipu Ma-
I0Th HOPMaJbHE KPOBOHATTOBHEHHS.

3aramoMm, OTpUMaHi pe3ylbTaTH CBif-
9aTh [P0 MIO3UTHBHUH BIUTNB BHHOTPAIHAX
BUYaBOK Ha MOP(OGYHKIIOHATBHUN CTaH
OpraHiB TPABJICHHS, IO MiATBEPIIKYETHCS

Fig. 8. Liver of age-1+ carp. Experiment 3. 1 — lipostatic hepatocyte; 2 — hepatocyte
with a change in function (intermediate state); 3 — sinusoidal capillary. Gill 2 hematoxy-

lin, eosin “Y”. X100 (© Zaporozhets, O.)
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preserved. When the villi shorten, they
naturally thicken, which primarily occurs
due to blood filling of the vessels and ac-
celeration of hemodynamics. The increase
in the speed and volume of blood flow is ac-
companied by an increase in the number of
lymphoid elements. Additional dislocation of
Paneth cells at the base of the crypts demon-
strates an increase in the immune status of
the organism, which indicates a reduced risk
of inflammatory processes in the fish body.
The results obtained coincide with the data
of other researchers [33].

Compared with the control fish of exper-
iments 1 and 2, the maximum approach of
the nuclei to the basement membrane and an
increase in the volume of the cytoplasm were
recorded in the marginal enterocytes of the
fish of experiment 3, which occurs due to an
increase in the intensity of nutrient absorp-
tion. In parallel, activation of the function of
goblet cells (large vacuole stage) is observed,
the secretion of which contributes to the nor-
malization of peristalsis.

With the introduction of grape pom-
ace at the amount of 0.5; 1.0 and 2.0% of
the feed weight, the width of the muscular
membrane of the intestines of fish within
the experimental groups gradually de-
creased relative to the control. At the high-
est concentration of phytogenic supple-
ment, a statistically significant result was
obtained (reduction by 22.11 microns).
At the micro level, this was observed as a
change in the configuration of the nuclei.
Depending on the force of contraction,
the nuclei acquire a rod-shaped or worm-
shaped shape. The second phase of nuclear
contour change demonstrates optimization
of intestinal peristaltic activity [28, 29].

It was found that depending on the con-
centration of the experimental additive in
the feed, the pancreatic component was
gradually activated due to the entry of aci-
nocytes into the secretory cycle. Visually,
this manifested itself as a moderate increase

BIJICYTHICTIO Y TKaHHHAX TaTOJOTTYHUX
3miH. o710 kuieyHuka, Ha MEPUINA T10-
I HU3bKi TTOKQ3HUKH BHCOTH BOPCHHOK
Ta IMOMHHM KPUIT AOCHITHUX pud ¢op-
MYIOTh YSIBICHHS NP0 3MEHIICHHS TUIONI
BCMOKTYBAJIbHOI [TOBEPXHi, ajie¢ (PaKTUIHO
3MIHIOETBCSI PAJIlyC KPUBH3HH BOPCHHOK.
3aranpHa IUIONIA TTOBEPXHI BCMOKTYBaH-
Hi NpH IbOMY 3ajumwiacs 0e3 3MiH,
TOMY 110 30epira€Tbcsi KUIbKICHUN CKIaj
KIITHHHUX Tonyisnid. [lpu ykopodeHHi
BOPCHHOK 3aKOHOMIPHO BifOyBaeTbcs iX
MOTOBIIIEHHS, 10 B TIEPIIy Yepry BiJOy-
Ba€ThCA 32 PaXyHOK KPOBOHAIIOBHEHHS CY-
JIAH 1 IPUCKOpeHHs reMoanHamiku. [locu-
JIEHHSI MIBUAKOCTI Ta 00’€MiB KPOBOTOKY
MapajelibHO CYNPOBOIKY€ETHCS 301IbIIICH-
HSM YHCIIa eIeMEHTIB JIM(OITHOTO Psiy.
JonarkoBa nuciokanis kimituH [lanera y
OCHOBH KPHUIT JEMOHCTPYE IiBUIICHHS
IMYHHOTO CTaTyCy OpraHi3My, IO CBIJI-
YUTh TPO 3HIDKCHHS PU3UKY 3alajbHUX
IporieciB B opraHizmi pu6d. OTpumaHi pe-
3yJbTaTH 30IraroThes 3 JAaHUMHU 1HIIUX JI0-
caiaaukis [33].

IopiBHAHO 3 puOaMH KOHTPOIIO, JIO-
ciiniB 1 Ta 2, B KAEMUYACTHX SHTESPOIIUTAX
pub nocminy 3 3adikcoBaHO MaKCHUMaJbHE
HAOMVDKEHHsI siep 10 0a3aiabHOi MeMO-
paHn 1 30UIbIIECHHS 00’ €My LUTOIIA3MU,
0 BiJIOyBA€THCS BHACIIJIOK TIiIBHICHHS
IHTCHCHUBHOCTI YCMOKTYBAHHSI TTOXXHBHUX
pedoBuH. [lapanenpHO CHOCTEpIiracThes
akTHBaIlis (PyHKLII KETUXOMOAIOHUX KIIi-
THH (KPYITHOBaKyoJlbHAa CTaJisl), CEKpeT
SIKHX CIIpHUsi€ HOpMaJli3allii IepucTalbTh-
KH.

3a BBEICHHS BHHOTPAJHUX BHYABOK B
kimpkocti 0,5; 1,0 Ta 2,0% Bix Macu KopMy
[IMPHHA M’S30BOI OOOJIOHKH KHUIICYHUKA
pubd B MeXax JIOCTITHUX TPYI MOCTYIO-
BO 3MEHIIYBajlach BIJHOCHO KOHTPOJIO.
3a HaWBHINOiI KOHIEHTpalii (iTOreHHOi
J00aBKH OTPUMAHO CTaTUCTHYHO JOCTO-
BIpHHH pe3yibTar (3MeHIIeHHs Ha 22,11
MKM). Ha MikpopiBHiI Iie crocTepiraerh-
cs y BUDISIII 3MIHM KOH(QIryparii sep.
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in cell size and, importantly, a change in
the polarity of the nuclei from horizontal to
vertical type. The change in the saturation
of the acinocyte cytoplasm towards the
acidophilic gamma indicates a decrease in
the proportion of the homogeneous pole of
the cells due to the formation of the secre-
tion of the granular (zymogenic) fraction,
which was subsequently released into the
lumen of the gland. Compared to the latent
state of control fish, experiment 1 and ex-
periment 2, the acinar ducts of the gland of
fish in experiment 3 were somewhat wid-
er, which explains the passage of a larger
number of enzymes into the organ cavity.

As mentioned, after the hibernation
period, fish hepatocytes contain large
fat-containing vacuoles. This symptom is
an indicator of seasonal shifts in cellular
function and is not considered a pathology
in fish. The use of grape pomace extract
in feed can stimulate the intestinal func-
tion of fish. At the same time, the func-
tions of the digestive glands are naturally
activated. However, the most significant
improvement in hemodynamics and tissue
trophism occurs in the liver of fish in ex-
periment 3. In this case, achieving the op-
timum dynamics of biochemical processes
is a condition for shifting cellular function
from lipostatic towards glycogenogenesis.
A characteristic diagnostic feature of gly-
cogen-containing hepatocytes is fine gran-
ularity and intense ecosinophilia, which
distinguishes these cells from the lipostat-
ic population and is a positive marker in
assessing the condition of the organ [33].
Thus, the conducted experimental studies
confirm the possibility of normalizing liv-
er function using the balancing effect of
hepatocyte functioning.

Summarizing the above, it should be
noted that the detected changes in the ab-
sence of pathology coincide with the pat-
terns described in modern studies, where
phytogenic compounds, due to their anti-

B 3anexxHOCTI BiJl CHIIH CKOPOUCHHS spa
HaOyBalOTh MNaJUYKONOAIOHOT abo uep-
BonoiOHOT popmu. [lpyra daza 3miHH
KOHTYpY SIIEp JEMOHCTPYE ONTHUMI3AIIif0
MEPUCTAIFTHYHOI AKTUBHOCT] KHIICIHUKA
[28, 29].

Bcranosiaeno, mo B 3ajIe)KHOCTI BIJT
KOHIICHTpAIIil eKCIIEPUMEHTAIBHOT 100aB-
KN y KOpMi, MaHKpeaTnyHa CKJIamoBa II0-
CTYIIOBO aKTHBI3YEThCS 3a PaXyHOK BXO-
TOKEHHS allMHOIIATIB Y CEKPETOPHUI IIUKIT.
Bi3yanbHO 1ie TIPOSBISETBCS Y BUINIAMIL
MTOMIPHOTO 301IbIIEHHS PO3MIPIB KIIITHH,
1, 10 BaXJIMBO, 3MiHU TOJIIPHOCTI sizep 3
TOPU30HTAIFHOTO Ha BEPTUKAIBHHUN THII.
3MiHa HACHMUYEHOCTI IUTOIUIA3MHU AalMHO-
IUTIB y OiK aruIo(iIbHOT TaMU CBITYUTH
PO 3MCHIICHHS YacTKH TOMOTEHHOI'O
MOJTIOCY KJIITHH 33 PaxyHOK (OpMyBaHHS
CEKpeTy TPaHyIApHOI (3UMOTEHHOI) (pak-
111, SIKKH 3r0IOM BUBIJIBHSETHCS Y TPOCBIT
3ano3u. IIOpiBHSAHO 3 JATEHTHUM CTaHOM
pub KoHTpoOIO, nociiay 1 ta mocmigy 2,
allHApHI MPOTOKHU 3aJ7103U pub mociigy 3
JIETIO MIHPIII, IO TTOSICHIOE TTPOXOIKCHHS
B MOPOXKHHUHY OpraHa OiiblIoi KiIbKOCTI
(dbepMeHTIB.

Sk 3ragyBasioch, Micist NEPiogy 3UMIB-
JIi TEMaTOUTH PUO MICTSITh BEJIUKI KHUPO-
BMICHI Bakyoni. Bka3zaHa o3Haka € mokas-
HUKOM CE30HHOIO 3MIIIEHHS KIITHHHOI
¢byHKIIT 1 y BUagKy pud He po3IIsaeTh-
Cs1 SIK TIaTOJOTisI. 3aCTOCYBAaHHS EKCTPAKTY
BUHOTPAIHUX BHUYABOK y CKJIAJl KOpPMY
JIO3BOJISIE CTUMYJTFOBATH (DYHKITIFO KHIIICU-
Huka puo. [Ipu boMy 3aKOHOMIPHO aKTH-
Bi3yIOThCSl (DYHKINT TpaBHHX 3alio3. Ajie
HAMCYTTEBIIIE MOKPALICHHS TeMOIUHAMI-
KM 1 TKaHUHHOT TPO(iKK BiIOyBa€eThCSA Y
nevinmi pud gocuigy 3. Y naHomy Bumaj-
KY, TOCSITHEHHS ONTUMYMY JIHHAMIYHOCTI
010XIMIYHHX TPOIIECIB € YMOBOIO JJIS 3CY-
BY KJITMHHOI (PYHKIIT BiJl JIMOCTATHYHOI
y Oik IIiKoreHoreHesy. XapakTepHOIO [i-
arHOCTHYHOIO 03HAKOIO TIIIKOTEHOBMICHUX
TeNaToluTIB € ApiOHOAMCIEpPCHA 3EpHU-
CTICTh 1 HacW4YeHa €O3MHOMUIBLHICTD, IO
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oxidant and anti-inflammatory properties,
reduce oxidative stress and modulate the
morphofunctional state of the components
of the digestive system of fish [34].

CONCLUSION AND
PERSPECTIVES OF FURTHER
DEVELOPMENT

A study of'the effect of grape pomace on
the productive parameters of carp showed
that their introduction into the diet does not
cause significant changes in weight gain,
but improves the morphofunctional and
physiological state of fish, which depends
on the concentration of the extract.

The phytogenic supplement is charac-
terized by pronounced antioxidant proper-
ties, which is confirmed by a decrease in
the content of diene conjugates, TBA prod-
ucts and SOD in the hepatopancreas.

Low concentrations (0.5 and 1.0%)
of the studied additive have an insignifi-
cant effect on the digestive organs of fish.
Its introduced at an amount of 2.0% of the
weight of feed in carp resulted in activation
of the intestinal mucosa, enzymatic activity
and assimilative processes in the glands, ac-
celeration of peristalsis, and development of
optimal conditions for hemodynamics and an
increase in immune status.

The obtained data can be used to de-
velop complexes of phytogenic additives
with various biologically active properties,

BIJIPi3HSE I KIITHHHU BiJ JIMOCTATHYHOI
MOMYJIAIIT 1 € TO3UTHBHUM MapKepoM B
OIiHINI cTaHy opraHa [33]. TakuM YHHOM,
MPOBEJCHUME CKCIICPUMEHTABHUMU JI0-
CIIJDKCHHSMH [T ITBEPIDKYETHCS MOXKITH-
BICTb HOpMaJi3amii (pyHKIIT Me4iHKU 3 BU-
KOPUCTaHHSAM OalaHcHOTO edekty (yHK-
LIOHYBaHHS TeMaTOUTIB.

[TincymMoByro4M BHUIIICHABE/ICHE, BAPTO
3a3HAYMTH, 10 BUSABJICHI 3MIHM 3a BiJICYT-
HOCTI TIaTOJIOT1] 301ratoThCs 13 3aKOHOMIp-
HOCTSIMH, [0 OMHCAaHi Y Cy4acHUX IOCIi-
JUKCHHSX, J¢ (DITOTCHHI CIIONIYKH 3aBISKH
AHTUOKCUJIAHTHUM Ta TPOTH3ANATEHUM
BJIACTUBOCTSM 3HIKYIOTh OKCHJIaTHBHE
HABAaHTAKCHHS 1 MOIYIIOITE Mopdo-
(YHKIIOHALHUI CTaH CKIIQJOBUX TpPaB-
Hoi cuctemu pud [34].

BUCHOBKHM TA NEPCIEKTHUBHA
HOJAJIBIIOIO PO3BUTKY

JocmipkeHHst i BUHOTPaTHUX BH-
9aBOK Ha PHOOrOCIONAPCHKI TOKA3HUKH
KOpoma MOKasajo, IO X BBEACHHS [0
CKJIaJy palioHy HE 3YMOBIIOE CYTTEBUX
3MiH IPHPOCTY MAcH, ajie IOKpaIIye Mop-
dbodyHKioHaTbHUHN 1 (Di310T0TTUHUHI cTaH
puO, 10 3HAXOMUTHCS Y 3alCKHOCTI Bij
KOHIICHTpAIil eKCTPAKTY.

ditoreHHa 100aBKa XapaKTEPU3YEThCS
BUPa)XEHIUMHU aHTHOKCHIAHTHIMH BIIACTH-
BOCTSIMH, IO IiATBEPIKYETHCS 3HMKEH-
HSAM BMICTY y TelaTonaHKpeaci Ji€HOBUX
kon’1orariB, TBK-npoaykris i CO/I.

Huszpki piBHi koHuentpauii (0,5 Ta
1,0%) nmociikyBaHoi JOO0aBKH MaroTh
HEBHPA3HHUU BIUIMB HA OpPTaHU TpPAaBJICH-
Hs puO. 3a 11 BBemeHHS B KinbKocTi 2,0%
BiJl MaCH KOPMY Y KOpOIIa aKTHUBI3yIOTh-
cs cu30Ba OOOJIOHKA KHINIEYHHWKA, (ep-
MEHTaTUBHA AKTHBHICTh 1 aACUMIISTUBHI
MPOIIECH B 3aJI03aX, NMPHCKOPIOETHCS IIe-
pHUCTANBTHKA, (DOPMYIOTBCS ONTHMANbHI
YMOBH JIJISl TEMOJIMHAMIKH 1 TIiIBHICHHS
IMYHHOTO CTaTyCy.

OTpuMaHi J1aHi MOXXYTh OyTH BHKOpH-
CTaHl 3 METOI0 PO3POOJIEHHS KOMIUIEKCIB

FEEDS AND FEEDING
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which will improve the functional state of
fish and ensure an increase in production
profitability by improving the composition
of the diet.
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