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Purpose. Determination of prospects, techno-
logical aspects, and effectiveness of introducing
sunflower concentrate into carp feeds according
to productive and individual biochemical parame-
ters characterizing the functional state of the fish
body.

Methodology. The object of the study was
age-1+ carps with an average initial weight of
19.3 g. Aquariums with a volume of 80 dm® were
used to ensure optimal identical physicochemi-
cal parameters of the aquatic environment. The
carps were fed twice a day for 20 days. A con-
trol group and four experimental groups were
formed. The control group was fed a compound
feed of a specific composition. Sunflower concen-
trate was added to the diet of the experimental
groups to completely or partially replace the fol-
lowing components in the feed: 100% fish meal
(Experiment 1), 50% fish meal (Experiment 2),
100% soybean meal (Experiment 3), 100% sun-
flower meal (Experiment 4). Based on the results
of the studies, the fish productive parameters and
the activity of antioxidant and digestive enzymes
in the control and experimental groups were ana-
lyzed using generally accepted methods.

Findings. Studies have shown a significant
effect of experimental feeding on the functional
parameters of fish.

In all experimental groups, an increase in
the activity of antioxidant enzymes (superoxide
dismutase and catalase), as well as lipid per-
oxidation products (diene conjugates and TBA
products), was recorded. A significant increase in
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Mema. BusHa4YyeHHA nepcrekmus, mexHoso-
2iYHUX acrnekmie ma egekmusHocmi 88e0eHHSA
COHAWHUKOBO20 KOHUeHmpamy 00 cKAady Kop-
mig 0214 Kopona, 8i0nosiOHO 00 NMPOdYyKMUBHUX
ma okpemux 6ioxiMmiYHUX MOKA3HUKIB, W0 XapaK-
mepu3syroms PyHKYiOHAAbHUU CMAH Op2aHi3my.

Memooduka. O6’ekmom 00cnioneHHA 6yau
dsonimKu Kopora, cepedHsA Mo4Yamkosa Mmaca
AKUx cknadana 19,3 2. BukopucmaHo akeapiymu
06’emom 80 Om? i3 3a6e3neyeHHAM onMmuMarb-
HUX i0eHMUuYHUX ¢hi3UKO-XiMiYHUX napamempie
800H020 cepedosuuya. [0diesnto Kopona nposoou-
7u 08iui Ha deHb enpodoesx 20 0i6. CchopmosaHo
KOHMposbHy i 4 0ocnioHi epynu. KoHmponoHil
epyni 320008y8anu KOMOIKOPM 8U3HAYeHO20
cKnaody. [lo payioHy Koponig 0ocniGHuUX 2pyn 880-
Ounu COHAWHUKOBUL KOHUeHmMpam 0714 M08HO20
YU YACMKOB020 3aMillyeHHA y CKAadi Kopmy Ha-
cmynHuUx KomrnoHeHmis: 100% pubHozo 6opouwi-
Ha (Jocnio 1), 50% pubHozo 6opowHa (Jocnio
2), 100% coesoi makryxu (Locnid 3), 100% coHAw-
HUKogozo wpomy (focnid 4). 3a peayasmamamu
00Cni0MEeHb NPOAHANI308aHO Pub020CcNoOaPCLKI
MOKA3HUKU, GKMUBHICMb QHMUOKCUOGHMHUX ma
mpasHuUXx hepmMeHmMie KOHMPOAbHOI ma Aocnid-
HUX 2pyn i3 BUKOPUCMAHHAM 3020bHOMPUUHA-
mux memodis.

Pe3yabmamu. BcmaHosneHo 3HayHuli 8naue
eKcriepumMeHmasbHoi 200ieni Ha PyHKUIOHANbHI
MOKA3HUKU Op2aHi3my pub.

B ycix 0ocnidHux epynax 3agikcoeaHo nid-
BUWEHHA ~ GKMUBHOCMIi  GHMUOKCUOAHMHUX
tepmeHmis (cynepokcudducmymasu ma Ka-
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the activity of intestinal tissue enzymes (alkaline
phosphatase and gamma-glutamyl transpepti-
dase, a-amylase, alanine aminotransferase) was
also observed. This indicates an intensification of
digestive and metabolic processes, as well as the
activation of mechanisms of adaptation to oxida-
tive stress.

The highest weight gain rates were in
Experiments 3 and 4 — 11.6% and 23.5%, respec-
tively. In Experiment 2, the weight gain was 5.2%
higher than the Control, and in Experiment 1 —
11.6% lower.

According to productivity parameters, the use
of sunflower concentrate to replace soybean meal
or sunflower meal in carp feed is promising. It is
necessary to study in more detail the prolonged
effect of experimental feeding on the activity of
the digestive and antioxidant systems of the body,
as well as to establish economic efficiency in pro-
duction conditions.

Originality. New data have been obtained on
the methods and amount of sunflower concen-
trate used in carp feeding as a high-protein feed
component.

Practical Value. The study aims to solve the
urgent problem of the shortage of affordable and
highly nutritious feed components for fish. The
practical application of the results obtained pro-
vides an opportunity to optimize the use of local
raw materials, thereby reducing dependence on
limited sources of protein and imports of raw ma-
terials for the production of carp feeds.

Keywords: carp, sunflower concentrate,
non-traditional feed components, local raw ma-
terial resources, productivity parameters, func-
tional state of the body.

PROBLEM STATEMENT
AND ANALYSIS OF LAST
ACHIEVEMENTS AND
PUBLICATIONS

The current state of global aquaculture
is characterized by increasing production
scale and dynamic development, which
leads to a growing demand for feed com-
ponents with a high level of nutritional

manasu), a Makox npodyKkmie nepekucHo20
OKUCHeHHsA ninidie (dieHosux KoH’toeamis i ma
TBK-npodykmis). Takox criocmepieasnocs 3Ha-
YHe 3POCMAHHA aKMuUBHOCMI hepmeHmMie mka-
HUH KUWEYHUKA (ny#HoI ¢hochamaszu ma e2am-
Ma-21ymaminmpaHcrnenmuoasu, a-aminasu,
anaHiHamiHompaHcgepasu). Lle ceidyums npo
rnocusneHHs mpasHux i memabosniyHux npoyecis,
a MAaKoOX aKkmueauiro mexadiamie adanmauii 0o
OKUCHO20 cmpecy.

Moka3HUKu npupocmy macu 6ynu Halisuuju-
mu y focnidax 3 i 4 — Ha 11,6 ma 23,5% sidno-
8i0HO. Y 00cnidi 2 8idHocHul npupicm macu bys
Ha 5,2% suwum, HiX nokasHuk KoHmponio, a y
Aocnidi 1 — Humyum Ha 11,6%.

BionosidHo 00 npodyKMuBHUX MOKA3HUKI8,
nepcrnekKMuBHUM € BUKOPUCMAHHA COHAWHUKO-
8020 KOHUeHmpamy 0714 3aMiHU COEBOI MAKyxu
ab0 COHAWHUKOB020 Wpomy y CKAadi Kopmis 041
Kopona. [loyineHo demassHiwe 0ocaioumu npo-
/I0H208aHUU 8MaU8 eKcrepuMeHmasnsHoi 200ieni
HO GKMUBHICMb MPABHOI Ma AHMUOKCUOAHMHOT
cucmem op2aHi3my, @ MAKOX 8CMAHOBUMU eKo-
HOMIYHY edheKmuBHicmeb y 8UPOBHUYUX YyMOBAX.

Haykoea Hoeu3Ha. OmpumMaHoO HO8i OaHi
wo0o crnocobis ma KibKOCMi 8UKOPUCMAHHSA 8
200i8ni KOpona COHAWHUKOB020 KOHYeHmpamy
AIK 8UCOKODINIKOB020 KOPMOBO20 KOMIOHeHMa.

MpakmuyHa 3Havywicms. [ocnioxeHHs
CNPAMOBAHO HA PO38’A3AHHA AKMYyasnbHOI npo-
bnemu Oegpiyumy GocmyrnHUX i 8UCOKOMNOXUS-
HUX KOPMOBUX KOMMOHeHmie Kopmie 0na pub.
lMpakmuyHe BUKOPUCMAHHA OMPUMAHUX pe-
3ynemamie nepedbayae Moxcausicme onmumi-
3y8amu BUKOPUCMAHHA MiCyesux CUpPOBUHHUX
pecypcis, mum camum 3MeHWUMU 3a71eHcHicmeo
8i0 siimimosaHux Oxcepen binka ma imnopmy cu-
pOBUHU 0718 8UPOBHUYMBA KOopMis 015 Kopona.

Kniouoei cnosa: Kopor, cOHAWHUKOBUL KOH-
yeHmpam, HempaduyiliHi KOpMo8i KOMMOHeH-
mu, micuyesi cupoBUHHI pecypcu, nPodyKmueHi
MOKA3HUKU, hyHKYioHanbHUT cmaH op2aHismy.

MOCTAHOBKA NMPOBJEMMU
TA AHAJI3 OCTAHHIX
JOCJII)KEHD I MYBJIKALII

CyyacHMiA CTaH CBITOBOI aKBaKyJb-
Typu XapaKTepU3yeThCS HApOIIyBaHHIM
MaciiTabiB BUPOOHHWIITBA TPOMYKINI Ta
JUHAMIYHUM PO3BUTKOM, IO 3YMOBIIOE
3pOCTaHHS TIONHUTY Ha KOPMOBI KOMIIO-
HEHTH 13 BHUCOKHM piBHEM IOKHBHOCTI
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value and digestibility. In this context, the
key challenge is to provide aquaculture
with high-quality artificial feeds [1, 2].
The main component of high-protein feeds
is fishmeal, but its resources are limited
and its cost is high. Therefore, in recent
decades, there has been a growing need to
find alternative sources of protein for feed
production [3].

The main object of fish farming in
Ukraine is carp (Cyprinus carpio Lin-
naeus, 1758). The current conditions for
carp culture in Ukraine are characterized
by a combination of technological, eco-
nomic and environmental challenges, in
particular, the instability of economic
conditions, fluctuations in prices for feed
resources and their availability, as well
as changes in the physical and chemical
parameters of the aquatic environment.
It is known that balanced feeding of fish
can not only ensure optimal growth in-
tensity and increase the efficiency of
nutrient absorption but also support the
physiological and biochemical state of
the body under different growing con-
ditions [4]. Therefore, to achieve the
needed conditions, especially under con-
ditions of intensification of production,
it is necessary to provide the industry
with functional artificial feeds in accord-
ance with the biological needs of the fish
body [5]. The optimal protein content
in carp feeds is significantly lower than
that required for salmonids or sturgeons,
but this parameter is important as is the
balanced amino acid composition of the
feed and the level of digestibility of feed
components [4].

In Ukraine, the volumes of fishmeal
production are insignificant while the high
cost of soybean pomace and seed meals
is the reason for their replacement with
cheaper feed resources. Since these com-
ponents are the main source of protein
in artificial fish feeds, feed production is
limited by these factors, which leads to
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Ta TEpeTPaBHOCTI. Y JAaHOMY KOHTEKCTi
KIIIOYOBUM BHKIIUKOM € 3a0e3IeueHHs
AKBaKyJIBTypH SKICHUMH IITyYHHAMH KOp-
Mami [1, 2]. OCHOBHUM KOMIIOHEHTOM BH-
COKOOIJTKOBUX KOPMIB € pHOHE OOpOIIHO,
MpoTe Horo pecypcu 0OMexkeHi, a BapTiCTh
BHCOKa. TOMy B OCTaHHI JECATWIITTS BH-
HUKJIA 1 3pocTae morpeda MmomyKy aibTep-
HATHBHUX JpKepes O1JIKa i1l KOpMOBHPOO-
Hunrsa [3].

TonoBHUM 00’€kTOM pHOOPO3BE/ICH-
H B YkpaiHi € xopon (Cyprinus carpio
Linnaeus, 1758). Cy4acHi yMOBH BUPOIITY-
BaHHS KOpOTa B YKpaiHi XapaKTepu3yroTh-
csl TIOEAHAHHSIM TEXHOJOTIYHHUX, EKOHO-
MIYHHMX Ta €KOJOTIYHHX BUKJIMKIB, 30Kpe-
Ma HeCTaOlIbHICTIO TOCIIOAPCHKUX YMOB,
KOJIMBAHHSM IIIH Ha KOPMOBI pecypcu Ta
iX JOCTYIHICTIO, a TaKOXK 3MiHaMH (i3u-
KO-XIMIYHHUX NapaMeTpiB BOJHOTO CEPENO-
puma. Bigomo, mo 30amancoBaHa roiBis
pub 3maTHa He nuine 3a0E3MMEUYUTH ONTHU-
MaJIbHY IHTEHCHBHICTB POCTY Ta ITiIBHIITH-
TH Ce(EKTUBHICTh 3aCBOEHHS MOKHUBHHUX
PEUOBHH, a W miaATpuMaTH (¢izionoro-6io-
XIMIYHHI CTaH OpPraHi3My 3a pi3HHX YMOB
BupomyBaHHs [4]. Tomy nns mocsrHeHHS
HEOOX1THUX KOHIUIIIH, 0COONMBO 32 YMOB
iHTeHCH(IKaIlli BUPOOHHUITBA, HEOOX1I-
HO 3a0e3MeuuTy ranys3b (pyHKIIOHATIbHU-
MH IITyYHUMH KOPMaMH BiJIIIOBIJHO [0
OionoriyHux motped opranizmy pud [5].
ONTUMATBEHUA BMICT MPOTETHY Y KOpMax
UL KOpOIa 3HAYHO HYDKYUH, MOPIBHIHO
i3 TakuM Ui JOCOCEBUX UM OCETPOBUX
BUJIIB pUO, TIPOTE NAHUW MOKA3HUK € BaXK-
JINBHUM, SIK 1 30aJ1aHCOBaHMI aMIHOKHCIIOT-
HUI CKJIaJ] KOPMY Ta PiBEHb MEPETPABHO-
CTi KOPMOBHX KOMIIOHEHTIB [4].

B VYkpaini o0caru BUpOOHHUILITBA pUO-
HOTrO OOpOIIHA € HE3HAaYHWMH, a BHCOKA
BapTICTh CO€BOi MaKyXH 1 LIPOTIB € IpH-
YUHOIO 1X 3aMiHW Ha JCIIEBII KOPMOBI
pecypcu. OCKiJIbKM 3a3Ha4€Hi KOMITOHEH-
TH € OCHOBHHM JDKEPEJIOM O1JTKa y CKIIai
IITyYHUX KOPMIB JUIs pHO, TO KOPMOBH-
POOHUIITBO JIIMITOBaHE JAHUMH YHHHH-
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dependence on the global aquafeed market
[5, 6].

The search for alternative sources of
protein for fish feed will solve the problem
of the shortage of affordable and highly nu-
tritious feed components, which will pos-
itively affect the productive and economic
indicators of fish production. This problem
is relevant both in the global context and
for the current conditions of aquaculture in
Ukraine.

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

In accordance with the above, partial or
complete replacement of fishmeal and soy
in carp feeds with alternative feed com-
ponents is promising. An effective way
to solve this problem is to introduce plant
protein sources into the feed composition.

In Ukraine, one of the most important
oilseed crops occupying a significant share
of the sown area is sunflower. It is charac-
terized by a high crude protein content and
a complete amino acid composition as well
as a lower price compared to soybeans [7].
The limiting factor for the use of tradi-
tional sunflower processing products in
fish feeding is the rather high fiber content
and the presence of anti-nutrients, which
can negatively affect the digestibility of
the feed [8]. However, modern methods of
processing feed components of plant ori-
gin [9] outline the prospects for using sun-
flower for partial or complete replacement
not only of soybeans but also of animal
protein sources in feeds.

In this context, sunflower concentrate
is promising, the digestibility of which
is close to that of soybeans as a result of
the use of modern technological methods
of processing raw materials (mechanical,

KaMH, [0 TIPU3BOIUTH JI0 3AJICKHOCTI Bij
[100aIbHOTO PUHKY aKBAKOPMIB [5, 6].

[Tomyk anpTepHATHBHHX JHKEpel OiIKa
JUIsl pUOHUX KOPMiB I03BOJIUTH PO3B’sI3aTH
nmpobneMy JeiluTy JOCTYITHHUX 1 BHCO-
KOIO)KMBHUX KOPMOBHX KOMIIOHEHTIB, IIIO
MMO3UTHBHO BIUIMHE HAa PHOOTOCIIONAPCHKI
Ta EKOHOMIYHI MOKa3HUKU BUPOOHHUIITBA
pubHOT mponykii. JlaHa npobiema € akx-
TYalbHOIO SIK y TI00AaTbHOMY KOHTEKCTI,
TaK i JJIs CyJacHMX yYMOB aKBaKylNbTypH
VYkpainu.

BUAIVIEHHSA HEBUPIINEHUX
PAHIIIE YACTHUH 3ATAJIBHOI
INPOBJIEMU. META POBOTH

BiamoBigHO 10 3a3HAUYEHOTO BHIIIE,
MEPCIIEKTUBHOIO € YaCTKOBA a00 ITOBHA 3a-
MiHa puOHOTO OOpoIIHa 1 coi B KOpMax s
KOpona aJbTePHATHBHUMH KOPMOBUMHU
KOMITOHEeHTaMH. EdexTuBHUM criocobom
BUPIIICHHS JTaHOTO 3aBIAHHS € BBEACHHS
JI0 CKJIaJy KOPMiB JDKepesl POCIMHHOTO
OinKa.

B Vkpaini oxHiero i3 HalBaXIJIMBi-
IMX ONIIMHUX KYJIBTYp, IO 3aiiMae 3Had-
HY YacTKy IMOCIBHHUX IUIOII, € COHSIIHHUK.
Bin xapakrepu3y€eTbcsi BACOKHM BMIiCTOM
CHUPOTrO TMPOTEiHy Ta TOBHOI[IHHUM ami-
HOKHCIIOTHUM CKJIAJIOM, a TaKOX HIDKIOIO
LIHOIO y MOpPIBHAHHI 13 coero [7]. Jlimity-
BaJIbHUM YHHHUKOM BUKOPUCTAHHS TPaI-
LUiIHHUX TPOIYKTIB IEPepOOKH COHSIIHMKA
B TOMIBNI pUO € OCUTHh BUCOKHH BMICT
KIIITKOBHHU T4 HASBHICTh AHTUIIOKUBHUX
PEUYOBHH, IO MOXKEC HETaTHBHO BIUIMBATH
Ha neperpaBHicTh kopmiB [8]. TIpoTe cy-
YacHi CIocoOu mepepoOKH KOPMOBUX KOM-
TOHEHTIB POCIMHHOTO TOXO/KEeHHS [9]
OKPECITIOIOTh TIEPCIICKTHBY BUKOPUCTAHHS
COHSIIIHHUKA JIJIsl YACTKOBOI UM MOBHO{ 3a-
MiHH HE JIUIIE COl, a i JHKepe TBAPUHHOTO
OisKa y CKJaJll KOpMiB.

Y naHOMy KOHTEKCTi MEpPCIEKTUBHUM
€ COHSIIHUKOBUN KOHILIEHTpAT, MepeTpaB-
HICTh SIKOTO HaOJIMKEHa 70 COi B pe3yiib-
TaTi BUKOPHCTAaHHS CYYacHHUX TEXHOJO-
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chemical, biochemical, or complex). Sun-
flower concentrate is characterized by high
protein content (44—48%), low fat content
(up to 1.5%) and almost complete absence
of anti-nutrients, compared to traditional
feed components — sunflower pomace and
seed meal. Accordingly, the digestibility
of the protein contained in the concentrate
reaches 80% [10].

As a result of studies of the effective-
ness of complete or partial replacement for
traditional feed components of fish feeds
with sunflower concentrate, it was found
that it can be an alternative to soybean. It
is important that when completely replac-
ing traditional sources of plant and animal
protein, it is necessary to adjust the amino
acid composition and balance the content
of mineral elements in the feed [10].

Therefore, the prospects for using sun-
flower concentrate in carp feeding lie in
expanding the component base of artificial
feeds, rational use of local feed resources,
and ensuring the efficiency of fish cultiva-
tion in modern conditions.

Analyzing the results of studies on
the topic, it was found that the effect of
sunflower concentrate in carp feed on the
functional state of the body, namely: the
antioxidant defense system and the ac-
tivity of digestive tract enzymes, remains
unstudied. These parameters are important
and indicative for analyzing the adaptation
of the fish body to experimental feeding.

The purpose of the work is to deter-
mine the prospects, technological aspects
and effectiveness of introducing sunflow-
er concentrate into the composition of
carp feeds, in accordance with productive
and individual biochemical parameters
characterizing the functional state of the
body.

Analysis of the results obtained will
allow a comprehensive assessment of the
impact of sunflower concentrate on the
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TYHUX CIIoco0iB 0OpOOKH CHPOBHHU (Me-
XaHIYHOTO, XIMI4HOro, OI10XIMIYHOrO YH
KOMILIEKCHOTO). COHSITHUKOBUI KOHIICH-
TpaT XapaKTepU3YEThCS BUCOKUM BMiCTOM
nporeiny (44-48%), HH3BKHM BMICTOM
xupy (mo 1,5%) Ta maiike MOBHOIO Bif-
CYTHICTIO aHTHITIO)KUBHUX PEYOBHUH, TIOPiB-
HSHO 13 TPaJMIiHHUMH KOPMOBHMH KOM-
MOHEHTaMH — COHSIIHUKOBAM MIPOTOM
Ta MaKkyxorw. BinmoBinHo, nepeTpaBHiCTh
MPOTEiHY, 110 MICTHTBCS Yy KOHIIEHTPATI,
csrae 80% [10].

VY pesynbTari JOCHiIKEeHb e(hEeKTUB-
HOCTI TIOBHOI Y1 9aCTKOBOT 3aMiHU TpaIu-
IHHUX KOPMOBUX KOMIIOHEHTIB PHOHUX
KOPMIB HAa COHSIIHUKOBUI KOHIICHTPAT
BCTaHOBJICHO, IO BiH MOXke OyTH albTep-
HAaTUBOIO coi. BaximBo, 0 MpU MOBHIH
3aMiHI TPATUIIIHHAX JKEPEN POCIHHHOTO
Ta TBAPUHHOTO O1J1Ka HEOOX1IHO KOperyBa-
TH aMiHOKWCIIOTHUH CKJIaja Ta OaJilaHCyBa-
TH BMICT MiHEpaJIbHUX €JIEMEHTIB y KOpMi
[10].

OTxe, TEPCIEKTHBH BHUKOPHCTaHHS
COHSIIITHUKOBOTO KOHIICHTpPAaTy B TOMIBII
KOpOma TMOJSraloTh y PO3LUIUPEHHI KOM-
MMOHEHTHOI 0a3¥ IMTYYHHX KOPMIB, paIlio-
HAJILHOMY BHKOPHCTaHHI JIOKAJIBHUX KOP-
MOBHX pecypciB Ta 3abesreueHHI edek-
TUBHOCTI BUPOIIYBaHHS KOpoma y cydJac-
HUX YMOBaX.

AHanizyroun pe3yabTaTd JOCIHiIKCHb
32 TEMOIO, BCTAHOBWJIH, IO 3aJIMIIAETHCS
HEBHBYCHUM BIUIMB COHSIITHHKOBOTO KOH-
[EHTPaTy y CKJIaJi KOpMIB JIJIsl KOpoIla Ha
(yHKIIOHATBHUI CTAaH OpraHi3My, a caMme
— CHCTEMYy aHTHOKCHAAHTHOTO 3aXHCTy
Ta aKTHBHICTh ()EPMEHTIB TPABHOTO TpakK-
Ty. JlaH1 IOKa3HUKH € BKITMBHMH 1 TIOKa-
30BHMU JUI aHANi3y afanTalii opraHiamy
pub 70 eKCIIepUMEHTATBHOT TOMIBIII.

Mera po0oTH TONATae y BHU3HAUCHHI
MEPCIEKTUB, TEXHOJOTIYHUX ACTEKTiB Ta
e(EKTUBHOCTI BBEJCHHS COHSIITHHKOBOTO
KOHIICHTpaTy N0 CKJaxy KOpPMIB ISl KO-
porma, BiIIOBIAHO O NPOMYKTUBHHUX Ta
OKpeMHX OiOXIMIYHHX TIOKa3HHUKIB, IO
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carp body and determine the optimal meth-
ods of its introduction into the diet.

MATERIALS AND METHODS

The study was conducted in 2024 at the
laboratory complex of the Institute of Fish-
eries of the NAAS, Kyiv. The object of the
study were age-1+ carps. A control and
four experimental groups were formed,
each containing 15 fish, which were kept
in 80 dm® aquariums. The conditions for
keeping fish were identical in all groups,
with optimal physical and chemical param-
eters of the aquatic environment ensured
through thermoregulation, water exchange
and aeration. The aquariums had a single
source of water supply and autonomous
water supply and water exchange. During
the study, the water temperature was 22°C
and the average dissolved oxygen content
was 6.3 mgO,/dm’. The adaptation period,
during which fish of all groups received
the same diet, lasted 14 days. At the end
of the adaptation period, the average ini-
tial weight of fish in the groups was within
18.5-21.2 g. Experimental feeding lasted
20 days. The feed was produced by wet
granulation and fed twice a day at the rate
of 3% of the fish weight. The control group
of fish was fed with an artificial feed with-
out the experimental additive in its compo-
sition (Table 1).

Carps of the experimental groups were
fed with the sunflower concentrate (“Gur-
man”’, AGRO-V, protein content 45%, fat
1%), in particular: Experiment 1 — to re-
place 100% of fish meal, Experiment 2 —
to replace 50% of fish meal, Experiment
3 — to replace 100% of soybean pomace,
Experiment 4 — to replace 100% of sun-
flower seed meal.

Upon completion of the experiment, in-

XapaKTepU3yIOTh (YHKIIIOHATLHUA CTaH
Oprasismy.

AHaJIi3 OTPUMaHHX PE3yNBTaTIB J03BO-
JIUTh KOMIUICKCHO OI[IHUTH BIUTUB COHSIIII-
HUKOBOTO KOHIIEHTPAaTy HA OPTaHi3M Ko-
pora Ta BU3HAYHUTH ONTHUMAIBHI CIOCOOU
HAOTr0 BBEACHHS JIO PAIliOHY.

MATEPIAJIN TA METOAH

Hocnimkenns nposeaeHo y 2024 p. B
yMOBax J1a00paTOPHOTO KOMILTEKCY [HCTH-
TyTy pubOHOro rocmomapctBa HAAH, wm.
KuiB. O0’exToM mOCHiKEHHST Oy JBO-
TiTKH Koporna. CPopMOBaHO KOHTPOJIBHY i
4 nocnifgHi rpynH y KinbkocTi 15 ocobun
pub KOXKHA, SIKUX YTPUMYBAIH y aKkBapiy-
Mmax 06’emom 80 amM’. YMOBH yTpHMaHHS
pub Oynu iIEHTHYHUMH B YCiX Tpyrax,
IpH 1IbOMY 3a0€3MeYeHO ONTUMAaNbHI (i-
3MKO-XIMIYHI ITTapamMeTpH BOIHOTO cepe-
JOBHUIIA IIUIIXOM TEPMOPETYISALil, BOJO-
0oOMiHy 1 aeparlii. AKBapiyMu MaJid €JUHE
JUKEPENIO BOJOMOCTAYaHHS Ta aBTOHOMHY
BOJIOTIO/IaYy 1 BOJOOOMIH, BIPOIOBXK JIO-
CIIJDKEHHSI TeMIleparypa BOIHM CKJIajana
22°C, cepemHE 3HAYCHHS BMICTY PO3YH-
HEHOTo y BOJi KucHIO — 6,3 mr O,/nv’.
AjanraiiiHuid TepioNl, BIPOJOBX SIKOTO
pubHU yCiX TPym OTPHUMYBAIH OJHAKOBUI
partioH, TpuBaB 14 ni6. Ilicisa 3aBepiieH-
HS aJaNTamiifHOro IMepioly CEepelHs Io-
yaTrkoBa Maca pub y rpymnax nepeOysaia
B Mexax 18,5-21,2 r. ExcnepumenranbHa
ronieis TpuBana 20 1i6. Kopm BUTOTOBIIS-
T CIOCOOOM BOJIOTOTO TPaHYIIOBAHHS 1
3roIOBYBaJIM JIBidi Ha JICHb 13 PO3PaXyHKY
3% Big macu pu6. KonTponsHiil rpyni pud
3TOIOBYBAJIM IITYYHUI KOPM 03 eKcIiepH-
MEHTaNbHOI T00aBKH y ckiafi (Tadm. 1).

Koponam pmocnmigHux Tpyn 10 CKIamy
palioHy BBOIWIN COHSIIHUKOBHI KOH-
nentpar («I'ypman», «AI'PO-By, Bwmict
niporeiny — 45%, xupy — 1%), 30kpema:
Hocmin 1 — mst 3aminenns 100% puGHO-
ro OopomHa, [locmin 2 — s 3aMileHHs
50% pubnoro 6opomrna, locmix 3 — Ha
3amimenns 100% coeBoi makyxwu, [locmin
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Table 1. Composition of experimental feeds, %

Feed components | Control | Experiment 1 | Experiment 2 | Experiment 3 | Experiment 4
Fish meal 15 — 7.5 15 15
Sunflower concentrate — 15 7.5 15 20
Bran 8 8 8 8 8
Wheat 20 20 20 20 20
Soybean pomace 15 15 15 — 15
Sunflower seed meal 20 20 20 20 —
Yeast 20 20 20 20 20
Feed chalk 1 1 1
Premix 1 1 1
Protein content 33 33 33 34 34
Fat content 4.0 2.3 3.1 2.9 4.0

dividual parameters of the functional state
of the body in the control and experimental
groups were analyzed.

According to the generally accepted
methods in ichthyological research, the
analysis of following morphometric pa-
rameters was carried out: L — total length; 1
—standard length, H — greatest body height;
O — body girth. Measurements were taken
using a measuring tape. According to the
measurements, body composition indices
were calculated: body length to height
ratio (I/H) and body girth to length ratio
(O/]) [11]. The fish weight (W, g) was de-
termined by weighing on a scale with an
accuracy of 0.1 g. The condition factor
(CF) was determined according to Fulton.

Relative weight gain (RWG) was cal-
culated using the formula [12]:

RG=((Wf— Wi)/ Wi) x 100,
where Wi — initial average fish weight;

Wf — final average fish weight.

To determine the activity of enzymes,
the medial section of the intestine after the
first loop was used, a fragment of which
was prepared and frozen in liquid nitro-
gen at —195°C and subsequently stored
at —80°C. After thawing, the tissue was
homogenized in a buffer solution, cen-
trifuged for 15 min at a speed of 3000 x
G, and enzyme activity was determined
in the supernatant. Alkaline phosphatase

4 — na 3amimenus 100% COHSIIITHUKOBOTO
HIPOTY.

[Micns  3aBepmieHHS  EKCIIEPUMEHTY
MIpOaHali30BaHO OKPEeMi MOKa3HUKH (DyHK-
[[IOHAJILHOTO CTaHy OPraHi3My KOHTPOJIb-
HOI Ta JOCiTHUX TPYIL.

3a 3araJbHONPUHHATAMH B 1XTiONO-
TIYHUX TOCIHIKEHHIX METOAMKAMH IPO-
BOJIWUIA aHaJi3 MOP(HOMETPUYHUX TOKa3-
HMKIB: L — 3aranpHa noBxuHa; 1| — Mana
nosxuHa, H — Bucora Tina HaiOinbIIa;
O — oOxsBar Tina. [Ipomipu 3ailicHIOBaNIH
3a JIOTMIOMOTOI0 MipHOT CTpiuku. Biamosiz-
HO JI0 TIPOMIpiB, BUPaXOBYBaJll 1HJEKCH
Oynosu Tita — BucokocnuHHOCTI (I/H) Ta
kommaktHocti (O/1) [11]. Busnauanu macy
pu6 (P, r) 3BaXyBaHH]IM Ha Barax 3 TOY-
Hictio 70 0,1 . KoedimieHT BrogoBaHocTi
(KB) Bu3Hauam 32 OyIETOHOM.

Bignocuuii nipupict (BII) po3paxoBy-
Baju 3a opmyoro [12]:

BIl = ((Px — Pn) / Pn) % 100,

nie Pn — novaTtkoBa cepeaHs Maca puo;

Px — xiHIeBa cepenHs Maca puo.

Jns BU3HAYEeHHS aKTUBHOCTI (hepMeH-
TiB BUKOPUCTOBYBAIM MEMialibHY AUITHKY
KHIIEYHUKA Ticls mepioi metii, ¢par-
MEHT SKOI1 BIANPENapoBYBalk i 3aMOpO-
XKyBaJId B pigkoMy a3otTi mpu —195°C iy
nofabiiomy 36epiranu npu —80°C. ITicns
PO3MOPOXKEHHSI TKAHHHY TOMOTCHi3yBasu
B OydepHOMY pO34MHI, HEHTPUPYTYBAIH
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(AP) activity was determined by reac-
tion with phenylphosphate [13]. Alanine
aminotransferase (ALT) activity was de-
termined by the Reitman-Frenkel method
using the color reaction of the hydrolysis
product with 2,4-dinitrophenylhydrazine
[14]. The determination of a-amylase ac-
tivity was calculated by the intensity of the
colored pyruvic acid hydrazone [15]. The
activity of gamma-glutamyl transpeptidase
(GGTP) was determined by reaction with
L-gamma-glutamyl-p-nitroaniline  using
ready-made kits from the company “Re-
agent” [16]. All calculations were made
per unit of protein in the reaction mixture,
which was determined by the Lowry meth-
od [17].

The study of the activity of the antiox-
idant defense system (ADS) of the body
was carried out in the carp hepatopancre-
as, as this is the key organ of detoxifica-
tion of the body, which allows obtaining
significant changes [18]. The activities of
superoxide dismutase (SOD) [19] and cat-
alase [20], the concentration of diene con-
jugates [21] and thiobarbituric acid (TBA
products) were determined using standard
methods [22]. Protein content was deter-
mined by the Bradford method [23].

Statistical processing of the results was
carried out by the method of variational
statistics using Microsoft Excel [24].

STUDY RESULTS
AND THEIR DISCUSSION

As noted, fish with approximate initial
weights were used to form the experimen-
tal groups (Table 2).

Upon completion of the study, trends in
changes in the size and weight of age-1+
carps were established. Body composition
indices did not differ significantly within

mpoTsiroM 15 xB 31 mBHaKicTIo 3000 X G,
B CYNCpHATaHTI BU3HAYaJ M AKTHBHICTh
(depMeHTIB. AKTUBHICTh JyXHOI (ocda-
tazu (JI®) Bu3Hayanu 3a peaxuiero 3 ¢e-
Hizpocharom [13]. AKTHBHICTH ajlaHiHa-
MiHOTpaHchepasu (AnAT) BuzHagamu 3a
MeToioM Paiitmana — ®peHkes 13 3acTo-
CYBaHHSM KOJBOPOBOI PEaKIlii MPOIYKTY
rigpomiisy 3 2,4-TuHITpo(EHIITIpasHHOM
[14]. BuzHaueHHS aKTHUBHOCTI o-amiya-
3M PO3pPaxOBYBalld 3a IHTCHCUBHICTIO 3a-
0apBIEHOrO Tipa30Hy MHipOBUHOTIPAIHOI
KHCIOTH [15]. AKTHBHICTH ramMma-TiTyTa-
mintpancnentugasu (I'TTII) BuzHauamu
3a peakmieo 3 L-raMMa-mimyTamii-Ti-Hi-
TPOAHUTIHOM 3 BHUKOPHUCTAHHSIM TOTOBHX
HabopiB ¢pipmu «Pearent» [16]. Yci mepe-
paxyHKH 3[IHCHIOBAIN HA OJUHHUIIIO OiIKa
B PEaKIiifHii CyMilTi, SKy BHU3HAYaJIU 3a
metozaom Jloypi [17].

JlocimiKeHHsT aKTUBHOCTI  CHCTEMHU
anTuokcunanTHoro 3axucty (CA3) opra-
HI3MYy TIPOBOJIMJIM Yy TelaTonaHKpeaci Ko-
POIIIB, a/XKe 11e KIIIOUOBHU OpraH IETOKCH-
Kallii opraHiaMy, 10 JO3BOJISIE OTPHUMATH
moka3oBi 3minu [18]. 3aranpHONpuUitHI-
TAMH METONaMH BH3HAYaH aKTHUBHICTH
cynepokcuagucmytazu (COH) [19] Ta
katanasu [20], KOHIEHTpAIlI0 TIEHOBUX
koH’roratiB  [21] Ta TioGap6iTyparoBoi
kucnotd (TBK-mpoxaykris) [22]. Busna-
YEHHS BMICTY O1JIKa MPOBOAMIM 332 METO-
oM bpendopna [23].

CraructuuHy 0OOpOOKYy pe3ynbTaTiB
MPOBOJMIIA METOJIOM BapialliiHoi cTa-
TUCTUKMA 33 BHKOPHCTaHHS IPOTPaMU
«Microsoft Excel» [24].

PE3YJIBTATU JOCJIIXEHb
TA IX OBIOBOPEHHS

Sx Oyno 3a3HayeHo, Ans GopMyBaHHS
EKCTIEPUMEHTANBHUX TPy BUKOPHUCTOBY-
Bajgu puO 13 HAOIMKEHOIO IMOYATKOBOIO
Macoro (Tadm. 2).

[Ticns  3aBepuieHHS  JTOCIIKEHHS
BCTAHOBJICHO TEHJCHINI 3MiHH pO3Mip-
HO-BaroBUX IOKa3HUKIB ABOJITOK KOPO-
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Table 2. Morphometric parameters and body structure indices of age-1+ carps

fed with experimental feeds (M+m, n=15)

Parameters | Control | Experiment 1 | Experiment 2 | Experiment 3 | Experiment 4
Wi, g 21.2 20.3 18.6 19.0 18.5
Wf, g 22.5+3.14 21.445.64 19.844.51 20.3+2.03 19.942.92
L, cm 12.16+0.41 11.26+0.84 11.70+1.75 11.10+0.38 10.7240.56
l,cm 9.41+0.60 9.08+0.67 8.72+0.60 8.9410.34 8.54+0.46
H, cm 3.73#0.11 3.46+0.36 3.1240.23 3.33#0.13 3.14+0.12
0,cm 8.6410.21 8.00+0.65 7.44+0.57 7.6410.28 7.2620.33

I/H 2.64+0.04 2.6620.09 2.8040.04 2.69+0.05 2.71+0.06
0/l, % 88.04+2.37 87.99+1.35 85.14+1.19 85.61+1.48 85.23+2.21

CF 2.62+0.16 2.97+0.10 2.70+0.15 2.76+0.14 2.61+0.08
RWG, % 6.13 5.42 6.45 6.84 7.57

the experimental groups. The body length
to height (I/H) was higher in all experimen-
tal groups compared to the control group,
with the highest index in Experiment 2 —
2.80 versus 2.64 in the Control group. The
body girth to length ratio (O/1) was highest
in Experiment 1 and was 87.99% versus
88.04% in Control. The CF differed slight-
ly between groups (2.61-2.97).

According to the study results, the
RWG of age-1+ carps in the control group
was 6.13%. In Experiment 1, in the 100%
absence of fish meal, the RWG was the
lowest and was 5.42%, respectively. In
other experimental variants, the RWG was
higher than the Control: in Experiment 2 —
by 5.2%, in Experiment 3 — by 11.6%, in
Experiment 4 — by 23.5%.

According to the productive param-
eters of age-1+ carps, the introduction
of sunflower concentrate into their feed
showed that it was optimal for the com-
plete replacement of soybean pomace
(Experiment 3) and sunflower seed meal
(Experiment 4). It is also effective to use
it to partially replace fishmeal in the feed
(Experiment 2).

Digestibility and absorption of feed
nutrients directly depends on anabolic and
catabolic metabolism. Therefore, to assess
the effect of experimental feeds on the
functional state of the digestive system,
the activity of digestive hydrolases (a-am-

na. [aaekcu OymoBHW Tina HE 3HAYHO Bij-
PI3HSJINCH Y MEXKaX CEKCIePUMEHTATbHUX
rpyn. [anekc BucokocnuuHocTi (I/H) OyB
BUIIMM Y BCiX JOCTIIHUX TpyIax IIOI0
KOHTPOJBHO] 13 HAalBUIINM ITOKa3HUKOM y
Hocnini 2 — 2,80 npotu 2,64 y Kontpo-
mi. Iagekc xommakrHocTi pud (O/1) Oys
HaiiBumuM y Hocniai 1 1 cknas 87,99%
npotu 88,04% y Konrpom. IlokasHuk
KB He3HayHO BiJpi3HABCS MIX TpylnaMu
(2,61-2,97).

3a pe3ynpTataMH JOCIHIIKCHb, MMOKA3-
Huk BII 1BOMITOK KOHTPOJNBHOI TIpynH
cknaB 6,13%. Y Hocmiai 1, 3a 100% Bin-
cytHOCTi pubHOT Mykwu, BII OyB HalimeH-
UM 1, BIANOBIOHO, ckiazaB 5,42%. B
iHIMX JociigHux Bapiantax BII OyB Bu-
M nopiBHsHO 3 Kontponem: y Hocmiai
2 —mHa 5,2%, y Hocmini 3 — na 11,6%, y
Hocnigi 4 — na 23,5%.

BinmoBimHO 10 MPOAYKTUBHUX IOKa3-
HUKIB JIBOJITOK KOpOMa B Pe3yJbTaTi BBe-
JICHHS 10 CKJIaay KOpMY COHSIITHUKOBOTO
KOHIICHTPAaTy, BCTAHOBJCHO, IO OITH-
MaJIbHUM OyJO HOTO BBENEHHS IJIS TIOB-
HOro 3aMmilieHHs1 coeBoi Makyxu (Hocmin
3) Ta consmHUKOBOrO 1mpoTy (Jocmix 4).
Takok e()ESKTHUBHUM € HOT0 BUKOPUCTAHHS
JUTSL YaCTKOBOTO 3aMillleHHsT puOHOTO 00-
poiHa y cknazai kopmy (Hocmiz 2).

[leperpaBHICTh 1 32CBOEHHS TTOXKUBHUX
PEYOBHH KOpMY 0e3mocepenHbo 3ajekarb
BiX aHaOOIIYHOro Ta KaraOOJIIYHOIO Me-
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ylase) and transferases (LP, ALT, GGTP)
was investigated. It is known that the for-
mer are responsible for the digestion of
carbohydrates, the latter for the activation
of the transport processes of dephospho-
rylation and transamination [25].

As a result of the studies, pronounced
changes in the activity of intestinal tissue
enzymes were found compared to the con-
trol group (Table 3).

a-Amylase activity was highest in Ex-
periments 1 and 2, exceeding the control
group value by 13 and 12 times (P<0.001),
respectively. In Experiment 3, an increase
in a-amylase activity was recorded — 3.6
times (P<0.05), while replacing sunflower
pomace with its concentrate (Experiment
4) caused minimal changes.

The increase in amylase activity in the
experimental groups corresponds to the ac-
tivation of carbohydrate breakdown [25].
The activity of a-amylase when replacing
the animal protein source in the feed com-
position (Experiment 1 and 2) was signifi-
cantly different from the results of replac-
ing the vegetable protein (Experiment 3
and 4). Therefore, it can be assumed that
the activity of this enzyme corresponded
to the introduction of a vegetable protein
source into the feed composition.

LF activity increased in all experi-
mental groups. The maximum value was

Taboi3My. ToMy 3 METOIO OIIIHKH BIUIHBY
CKCIICPUMEHTAIBHUX KOPMIB Ha (PyHK-
[IOHAILHUIA CTaH TPaBHOI CHUCTEMH JIO-
CI1JIKYBaJH aKTUBHICTh TPAaBHUX TiIpoJia3
(a-aminazm) Ta TpaHchepas (JID, AnAT,
I'TTII). Bimomo, 1o nepii BiAMOBiIaIOTh
3a TIepeTPaBICHHS BYIJICBOJIB, APYTi — 3a
aKTHMBAI[II0 TPAHCIIOPTHUX IMPOIIECIB Jie-
¢dbochopmntoBaHHsT Ta TpaHCaMiHyBaHHS
[25].

VY pesynbTari JOCTIIKeHb BCTaHOBIIC-
HO BUPaXKEHI 3MiHU aKTUBHOCTI (epMeH-
TiB TKaHUH KHIICYHHKA MIOJO0 KOHTPOJb-
Hoi rpynu (Tabm. 3).

AKTUBHICTh 0O-aMijia3u Oysia HalBH-
moto y Jocmigax 1 ta 2, mo nepeBaxano
3Ha4YeHHS] KOHTPOJbHOI Tpyrmu y 13 Ta 12
pasziB (P<0,001) BignosigHo. Y [ocmiai
3 3a¢ikcoBaHO TMiABUINEHHS AKTHBHOCTI
a-aminasu y 3,6 paza (P<0,05), Tomi sk
3aMiHa COHSIIHMUKOBOTO MIPOTY Ha oro
koHueHTpat (Hocnin 4) cnpuunHuia MiHi-
MaJIbHI 3MiHH.

[linBuileHHsT aKTUBHOCTI aMminasu y
JOCIIJTHAX TPYIax BiJIOBIJIA€ aKTHUBAIIT
pO3ILEIUIEHHS! BYINIEBOMIB [25]. AKTUB-
HICTh Ol-aMiJIa3d TIpW 3aMilIeHH] JpKepea
TBapUHHOro Oinka y ckiaai xopmy ([lo-
ciix 1 Ta 2) 3HaYHO BiApI3HAIACKH Bif pe-
3y/lbTaTiB 3aMiHU pociauHHOro Oinka (o-
ciinx 3 ta 4). ToMmy MOXXHA BBaKaTH, IO
aKTUBHICTh JJaHOTO (pEepMEHTy BiAINOBiJa-

Table 3. Enzyme activity in the intestinal tissues of age-1+ carp under the influ-

ence of sunflower concentrate (M+m, n=5)

Alkaline phosphatase, . Alanine Gamma-glu.tamyl-
. a-amylase, aminotransferase, transpeptidase
Experimental umol .
g starch/s x mg mmol sodium mmol
group phenylphosphate/s x . . o
. protein pyruvate/s x mg p-nitroanilide/s x
mg protein . R
protein mg protein
Control 0.860+0.090 0.019+0.003 25.058+1.529 2.24710.265
Experiment 1 1.230+0.413 0.249+0.035*** 60.455+11.732* 8.443+0.994***
Experiment 2 1.405+0.222 0.230+0.027***  93.171+14.581** 5.49210.416%**
Experiment 3 1.333+0.083** 0.068+0.017* 35.22245.745 2.889+0.219
Experiment 4 1.171+0.194 0.023+0.003 34.422+6.370 3.838+0.481*

Notes. Differences are significant compared to the control group: * — p <0,05; ** — p <0,01; *** —

p < 0,001.
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recorded in Experiment 2 — 38.8% higher
than Control. In Experiment 1, this param-
eter was higher by 30.1%, in Experiment 3
by 35.5% (P < 0.01), and in Experiment 4
by 26.6%.

ALT activity was significantly higher
in two groups compared to the Control:
in Experiment 1 by 2.4 times (P<0.05),
in Experiment 2 by 3.7 times (P<0.01). In
Experiments 3 and 4, there was a trend to-
wards an increase in this parameter by 40.6
and 37.5%, respectively.

GGTP activity was higher in all exper-
imental groups of fish. Accordingly, by
3.8 times in Experiment 1 (P<0.001), by
2.4 times in Experiment 2 (P<0.001), by
28.6% in Experiment 3 and by 70.8% in
Experiment 4 (P<0.05).

Thus, the activity of LF, ALT, and
GGTP increased significantly in Experi-
ments 1 and 2, while the changes were less
pronounced in Experiments 3 and 4. The
change in transferase activity in the exper-
imental groups may indicate an increase
in the functional activity of the intestine
and an adaptive response of the digestive
tract to the experimental composition of
the diet. However, their significant change
may also reflect the fish compensatory re-
actions to stress factors [26, 27].

Therefore, according to the results ob-
tained, it is advisable to investigate the
adaptive characteristics of the carp body to
experimental feeding in accordance with
the antioxidant status of the body to deter-
mine the level of oxidative stress.

As a result of the studies, a significant
increase in the activity of antioxidant en-
zymes was found against the background
of an increase in the content of lipid perox-
idation products in all experimental groups
relative to the control values (Table 4).

In the hepatopancreas of carp of all ex-
perimental groups, a significant increase in
SOD activity was found, by 1.6-2.9 times
(P<0.05-0.001) compared to the Control.
The highest value was in Experiment 3,
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Jla BBEICHHIO JI0 CKJIagy KOPMY JDKepela
POCIUHHOTO OiIKa.

AxTuBHICTh JI® migBHUITyBaach B YCiX
JIOCITITHUX Tpymnax. MakcumalibHe 3Ha4YeH-
Hs 3adikcoBano y Jocmini 2 — Ha 38,8%
Bulie nopiBHsAHO 3 Kontponem. Y Hdocmiai
1 nanuii mokaszHuk OyB BUIUM Ha 30,1%,
y Hocmini 3 —na 35,5% (P <0,01) ta Jo-
caimi 4 — Ha 26,6%.

JocroBipHo BHIIOI0 1010 KoHTposo
Oyia aktuBHICTH AJAT y nBOX rpymnax: y
Hocnigi 1 — B 2,4 paza (P<0,05), y Ho-
cmimi 2 — B 3,7 paza (P<0,01). ¥V Hoci-
nax 3 ta 4 cnocrepiraiach TEHICHIIS 110
3pOCTaHHs JaHOTO mMokasHuka Ha 40,6 Ta
37,5% BiATOBIIHO.

AxrtusHicTh ['TTII Oyna BUIIOIO B YCiX
JOCTIIHUX Ipynax puoO: BiNnoBiAHO, ¥ Jlo-
cmmi 1 —y 3,8 pasza (P<0,001), y doci-
o 2 —y 2,4 paza (P<0,001), y Hocmiai
3 — Ha 28,6%, y docnimi 4 — na 70,8%
(P<0,05).

Takum guHOM, y Jlocmimax 1 Ta 2 ak-
tuBHICTE JI®, AnAT ta I'TTII 3nauHO
3pocina, a y Jlocmigax 3 Ta 4 3MiHU OynH
MEHIII BUPAXEHUMHU. 3MiHa aKTUBHOCTI
TpaHcdepasd y JOCTIIHUX TpyHax MOXKe
CBIAYUTU IPO MOCUIEHHS (YyHKI[IOHATb-
HOi aKTHBHOCTI KHIICYHUKA Ta aIallTHBHY
peaxiito TpaBHOTO TPAKTy A0 EKCIepH-
MEHTaJBHOTO CKIaxy pamiony. [Ipore cyT-
TeBa TXHS 3MiHA TAKOXK MOXKE BimoOpakaTu
KOMITEHCATOpHI peakilii opraHi3My Ha CT-
pecoBi unHHUKH [26, 27].

Tomy, BIATIOBIAHO JO OTPUMAHUX pe-
3yJbTaTIB, AOLUIBHO AOCTIINTH aJamnTalli-
HHI XapaKTEePUCTHKH OPTaHi3My KOPOIIa JI0
eKCIIEPUMEHTAJIBHOI TOAIBII BiATIOBITHO
0 aHTHOKCHAAHTHOTO CTAaTyCy OpraHi3-
MY JUTsS BU3HAYCHHS PiBHS OKCHIATUBHOIO
CTpecy.

VY pesynbTari AOCHiIKEeHb BCTaHOBIIE-
HO 3HAYHE 3pPOCTaHHS AKTUBHOCTI aHTH-
OKCUAAHTHUX (PepMEHTIB Ha (hOHI 3017Ib-
mieHHs BMicTy npoxaykris [1OJI y Bcix no-
CIITHUX TpyIax o0 mokazHukiB Kontp-
ommo (Tabdm. 4).
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Table 4. Activity of antioxidant enzymes and content of lipid peroxidation
products in hepatopancreas of age-1+ carps fed with experimental feeds (M+m, n=5)

. Superoxide Catalase enzyme . . TBA-active
Experimental . . . . Diene conjugates,
dismutase, U/min | activity, umol H 0./ | products, nmol/
group . . 22" | nmol/mg protein .
x mg protein min x mg protein mg protein
Control 4.06+0.040 4.061£1.110 0.60+0.107 0.81+0.098
Experiment 1 6.84+0.862* 23.8219.046 0.87+0.044* 0.98+0.084
Experiment 2 6.574£0.393*** 44.9245.124*** 1.20+0.167* 1.35+0.173*
Experiment 3 11.8610.843*** 35.37+6.165%* 1.13+0.118* 1.45+0.144**
Experiment 4 9.49+0.455*** 39.9+7.035** 1.00+0.119* 1.26+0.080**

less pronounced in Experiments 1 and 2.

Catalase activity also increased in all
experimental groups. In Experiment 1, it
increased 5.9 times compared to the Con-
trol, 11.1 times in Experiment 2 (P<0.001),
8.7 times in Experiment 3 (P<0.01), 9.8
times in Experiment 4 (P<0.01).

The content of primary lipid peroxi-
dation products, diene conjugates, signif-
icantly increased (P<0.05) in experimen-
tal groups 1 — 4: by 31.0; 50.0; 46.9 and
40.0%, respectively.

The concentration of TBA products
was higher relative to the Control by
17.4% in Experiment 1, by 40.0% in Ex-
periment 2 (P<0.05), by 44.1% in Experi-
ment 3 (P<0.01), by 35.7% in Experiment
4 (P<0.01).

Increased SOD activity indicates in-
creased antioxidant defense of the body,
while significantly expressed catalase
activity confirms the body’s adaptive re-
sponse to stress factors. At the same time,
the accumulation of secondary metabolites
of POL (TBA products) may occur as a
result of the activation of oxidative pro-
cesses. This indicates an increase in the
processes of free radical oxidation of lipids
and the adaptive response of the body’s
immune system [28].

VY remaromnaHkpeaci KOpormiB ycix Jo-
CIIJHUX TPYH BCTAHOBJIEHO JOCTOBIpHE
migBuieHds aktuBHocTi COJ — B 1,6—
2,9 paza (P<0,05-0,001) BizHocHo KonTp-
omo. HaiiBumum 3nauenns Oyno y Jlocoi-
ni 3, meHm Bupaxenum — y Jocnigax 1
Ta 2.

AKTHUBHICTh Karajla3u TaKOX 3pOcC-
Ja B ycix mocmimHux rpynax. Y Jocii-
ni 1 mokazHuK miABMIIMBCA y 5,9 pasa
mono Konrpomro, y Jocmigi 2 — B 11,1
pasza (P<0,001), y Hocmini 3 — y 8,7
pasza (P<0,01), y Hocmini 4 — y 9,8 paza
(P<0,01).

Bwmict nepBunHuX mnponykrtie [10JI,
JIIEHOBUX KOH IOTAHTIB, BIPOTiHO 3pic
(P<0,05) B mocmimnux rpymax l— 4: Ha
31,0; 50,0; 46,9 ta 40,0% BiAMOBIIHO.

Konnentpariss TBK-nponykris Oyia
BUIIOK BiJHOCHO MOKa3HHKa KoHTpo-
mo y Hocnimi 1 va 17,4%, y Hocmimi 2
— Ha 40,0% (P<0,05), y Hocnini 3 — Ha
44,1% (P<0,01), y Hocmini 4 — na 35,7%
(P<0,01).

[MigBumenns axtuBHocti COJl cBia-
YUTh MPO MOCHJICHHS aHTHOKCHIAHTHOTO
3aXUCTy OpraHi3My, a 3HA4YHO BUpPaKCHA
AKTHBHICTh KaTaja3W MHiITBEpPIXKYeE aaam-
THBHY PEAaKIII0 OpPTaHi3My J0 CTPECOBHX
YUHHUKIB. Pa3oM 3 UM, HaKOMHYCHHS
propuHHUX Metadomnitie [10OJI (TBK-npo-
JYKTiB) MOXe BiJOYBaTUCh y pe3ynbTarTi
aKTHBaIlii OKHCHUX mporieciB. e cBiqunuTh
PO 3pOCTaHHS MPOLECIB BiIBLHOPAIH-
KaJIbHOI'O OKMCHEHHS JIIAIB Ta aJIalThB-
Hy Binnosine CA3 opranizmy [28].
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CONCLUSION AND
PERSPECTIVES OF FURTHER
DEVELOPMENT

The study was conducted to outline the
prospects for introducing sunflower con-
centrate into carp feeds to fully or partial-
ly replace fish meal, soybean pomace and
sunflower seed meal.

It was found that with the complete
replacement of soybean pomace and sun-
flower seed meal with sunflower concen-
trate, the relative weight gain of age-1+
carps was 11.6 and 23.5% higher, respec-
tively, compared to the control group. With
50% replacement of fish meal with sun-
flower concentrate, it was higher by 5.2%,
and in the absence of fish meal in the feed,
the weigh gain was lower by 11.6%.

After 20 days of feeding with experi-
mental feeds, a significant increase in the
enzymatic activity of the intestinal tissues
of carps of all experimental groups was
established, which indicates an increase in
the digestive processes and an increase in
the intensity of metabolic reactions. A sig-
nificant increase in the activity of intestinal
tissue enzymes (LP and GGTP, a-amylase,
ALT) was observed. The most pronounced
changes were recorded in the absence of
fish meal in the feed and a 50% reduction
in its share in the diet.

In the hepatopancreas of carp of all
experimental groups, an increase in the
activity of SAD enzymes was found com-
pared to that in the control group. The
highest increase in SOD (2.9 times) was
recorded when replacing soybean pomace
with sunflower concentrate, and catalase —
11.1 times — with 50% replacement of fish
meal. The content of LPO products also
increased in all experimental variants: di-
ene conjugates by 31-50%, and TBA prod-
ucts by 17.4-44.1%, and the highest val-
ues were in these same groups. The trend
may indicate the activation of free radical
processes in fish tissues and a compensa-
tory increase in the activity of the enzyme

BUCHOBKHM TA NEPCIEKTHUBH
MNOJAJIBIIOIO PO3BUTKY

JlocmimkeHHS IPOBEIEHO 3 METOIO OK-
PECIICHHSI TIEPCIIEKTUB BBEICHHS COHSIII-
HUKOBOTO KOHIIEHTPATY 1O CKJIaxy KOPMiB
UL KOpOTIa JUIsl TIOBHOTO YM YaCTKOBOTO
3aMillleHHs pUOHOTO OOPOIITHA, COEBOT Ma-
KyXH Ta COHSLIHAKOBOTO IIPOTY.

BcranoBneHo, mo 3a IOBHOTO 3aMi-
IICHHS COEBOI MaKyXH Ta COHSIIHHKOBO-
r0 MIPOTY Ha COHSIIHUKOBUHA KOHIICHTPAT
BiTHOCHUH HPHUPICT ABONITOK Kopoma OyB
BignoBimHo Ha 11,6 Ta 23,5% BummMm y
MOPIBHSAHHI 13 KOHTPOJBHOIO TPyMHor. 3a
50% 3amian puOHOTO OOpOIIHA Ha CO-
HSIIHUKOBUY KOHIIGHTpAT NaHWM IOKa3-
HUK OyB BAIIMM Ha 5,2%, a 3a BiICYyTHOCTI
pubOHOro OOPOLIHA y KOPMi — HIXKYUM Ha
11,6%.

[Micns 20 gHIB TOAIBII EKCIIEPUMEH-
TaJbHUMH KOPMaMH BCTAHOBJICHO CYTT€EBE
3pocTaHHs (DEPMEHTATHBHOI AKTHBHOCTI
TKaHWH KHIIEYHUKA KOpOIla YCiX JOCIiJI-
HUX TPYH, IO CBIMYHUTH MPO MOCHICHHS
MPOIECIB TPABJICHHS Ta MiJABUINCHHS 1H-
TEHCUBHOCTI OOMIHHMX peakuiid. Crocre-
piraoch 3HayHEe 3pPOCTAaHHS AKTUBHOCTI
¢depmeHTiB TkaHMH KuiieyHuka (JID Tta
I'TTII, o-aminmasu, AnAT). HaiiBupaxe-
Hill 3MiHM 3adiKCOBAaHO 3a BiJICYTHOCTI
pubHoro GopomHa y kopmi Ta 50% 3HH-
JKEHHS Oro YacTKU y CKJIaJl PaLlioHy.

VY remnaromaHkpeaci KOpormiB ycix ao-
CIIJHUX TPYN BCTAHOBIICHO MiJBUIICHHS
aktuBHOCTI (epmenTiB CA3 110710 TIOKA3-
HUKIB KOHTPOJBbHOI Tpynu. HaiiGinbie
spoctanns CO/I (y 2,9 pa3a) 3adikcoBaHo
3a 3aMIilIeHHs] COEBOT MaKyXd Ha COHSIII-
HUKOBUH KOHIIGHTpAT, a Katanazu — B 11,1
pa3za — 3a 50% 3aminu pubHOrO OOpOII-
Ha. Bmict npoayxkris I1OJI Takoxk 3poctaB
y BCIX JOCHITHUX BapiaHTaX: JIEHOBHX
koH’foranTiB — Ha 31-50%, TBK-mpo-
nyktiB — Ha 17,4-44,1%, a HaliBULIUMH
JIaH1 MMOKa3HUKW OyliM y IMX K€ Tpyrax.
TeneHI1is MOXE CBITYUTH TIPO aAKTUBAIIIIO
BUTbHOPAINKAIBHUX MPOIECIB Y TKAHUHAX
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link of the ADS of the body to ensure the
maintenance of the oxidative-antioxidant
balance.

In general, the obtained weight gain
results indicate that sunflower concentrate
can be considered as a source of vegetable
protein in carp feeds. However, along with
positive productive indicators, the study
results established an active adaptive and
compensatory reaction of the fish body to
experimental feeding. To comprehensive-
ly analyze the impact of the studied feed
component on the growth and condition
of the carp body, it is advisable to conduct
tests in production conditions with balanc-
ing the amino acid composition and energy
nutritional value of the feed. This will also
allow assessing the economic feasibility of
using sunflower concentrate in carp feeds.

Determining the norms and methods
of introducing sunflower concentrate into
carp feed is a promising solution for using
local feed raw materials as an alternative
source of protein to reduce dependence on
expensive imported components as well as
develop domestic feed production for the
needs of Ukrainian aquaculture.
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pub Ta PO KOMIICHCATOPHE IiIBHICHHS
akTUBHOCTI (epMeHTHOI naHku CA3 op-
TaHi3My I 3a0€3TCUCHHS ITiATPUMaHHS
OKHCHO-aHTHOKCHUJIAHTHOI PiBHOBArH.

3aramoMm, OTpUMaHi pPE3yIbTaTH IIPH-
POCTY MacH CBif4aTh PO Te, IO COHSII-
HUKOBHH KOHIIEHTPaT MOXKHA PO3TIIIATH
SIK JDKEPEJIo POCIMHHOIO Oifika y CKIaji
KOpMiB Jiisl Kopora. OHaK, ops i3 1Mo-
3UTHBHAMH TPONYKTUBHUMU TOKA3HUKA-
MU, pe3ylbTaTaMi JOCIHIIKCHb BCTaHOB-
JICHO aKTHBHY aJIalITUBHY i KOMIICHCATOP-
HY PEakIlifo opraHi3My puO Ha eKCIepH-
MEHTAaJbHY TOMIBIIO. 3 METOI KOMILICK-
CHOTO aHaJi3y BIUIMBY JOCIIIKYBaHOTO
KOPMOBOTO KOMIIOHEHTa Ha PICT Ta CTaH
OpraHi3aMy Kopolia JOIIBHO TPOBECTH
BUNPOOYBaHHS Y BUPOOHHYMX yMOBax i3
OallaHCYBaHHSM aMiHOKHCIIOTHOTO CKJIATY
Ta CHePreTUYHOI MOKUBHOCTI KopMiB. Lle
TaKOX JacTh 3MOTY OIIIHUTH 3 €KOHOMiY-
HOi TOYKH 30pY NOUITBHICTh BUKOPUCTAH-
HSl COHSIITHHKOBOTO KOHIICHTPATy B KOp-
Max JUIst KOpoTia.

BusnaueHHs HOpM 1 croco0iB BBe-
JICHHSI COHSIIHUKOBOTO KOHIICHTPATy 10
CKJIay KOPMIB AJIsI KOPOTIa € IePCIIEKTUB-
HUM pIlICHHSIM BHKOPHCTaHHS MiCIIEBOL
KOPMOBOI CHPOBHHH SIK aJBTEPHATUBHOTO
JoKepena Oiyika 3 METOI0 3HHKEHHS 3aJ1ekK-
HOCTI BiJl BHCOKOBapTICHHUX IMIIOPTHHUX
KOMIIOHEHTIB, @ TAKOXK PO3BUTKY BJIACHO-
ro KOPMOBHPOOHHMIITBA IS IMOTPed aKBa-
KyJIBTYpU YKpalHH.

KOH®JIIKT IHTEPECIB

V wiii po0oTi KOHGIIIKT IHTEpECiB aBTO-
PiB BIJCYTHII.

JXKEPEJIA ®IHAHCYBAHHASA

OtpumMaHi pe3ynbTaTH € CKJIAJI0BOIO
MporpaMu HayKoBUX nociimkess HAAH
Ha 2021-2025 pp.: 32. «Cucrema KoOMII-
JIEKCHOTO HAyKOBOTo 3a0e3neyeHHs puo-
HOTO TOCIIOapCTBa HA BHYTPIIIHIX BO-
nmonmax Ykpainm» («PuOHHIOTBO Ta pu-
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