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Purpose. Assessing the productive param-
eters of age-1+ tench grown in recirculating
aquaculture systems (RAS) and studying their
physiological state depending on feed compo-
sition

Methodology. The study was conducted
in RAS conditions at Karpatsky Vodogray LLC.
Three 0.96 m?® tanks were used in the study. The
stocking density of age-1 tench was 600 ind./m?,
and the duration of cultivation was 225 days.
For feeding, 3 options of artificial feeds from dif-
ferent manufacturers with different protein and
fat contents were used, respectively — 44 and
9%, 46 and 10% and 54 and 15%. Sampling to
study growth dynamics were carried out month-
ly. Analysis of basic haematological parameters
was performed using an automatic biochemical
analyser Miura 200. The activity of the antiox-
idant defence system of tench was determined
in 10% homogenates of hepatopancreas tissues.
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Mema. HadaHHA oyiHKU NpodyKmueHUM ro-
Ka3HUKam 080/1iMOK /IUHA NpU 8UPOULYBAHHI 8
YMOBaX peyupKynayiliHux cucmem ma 8ug4eHHs
ix ¢hizionoziyHo20 cmaHy y 3anexcHocmi 8id ckna-
dy Kopmy.

Memoouka. [ocnidueHHA nposedeHo 8
ymoesax RAS Ha 6a3i TOB «Kapnamcekuli 8000-
epatli». [na OocnidxweHs sukopucmosysanu 3
baceliHu 06’emom 0,96 M, winbHicmb nocadku
00HOPIYOK nuUHa cknadana 600 exs./m?, a mpu-
sasicmo 8upowyeaHHa — 225 0i6. [na 2odieni
8UKOpUCMOBY8aAU MpuU 8aPIGHMU WMYYHUX
Kopmie pi3HUX 8UPOBHUKI8 i3 pi3HUM emicmom
npomeiny i »upy: eionosioHo — 44i 9, 46 i 10
ma 54 i 15%. KoHmponbHi no8u 8aa docnioxceH-
HA OUHAMIKU pocmy npoeoouaUu UOMICAYHO.
AHai3 OCHOBHUX 2eMamoso2iYHUX MOKA3HUKI8
posedeHo i3 3acMocy8aHHAM A8MOMAMUYHO20
bioximiuHozo aHanizamopa «Miura 200».

[ToKa3HUKU aKmueHocmi cucmemu aHMU-
OKCUOGHMHO20 3aXucmy Op2aHi3My fUHI8 eu-
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The activity of superoxide dismutase enzymes
was determined as the proportion of inhibition
of the nitroblue tetrazolium reduction reaction
in the presence of phenazine metasulfate, and
catalase — by the change in the concentration
of H,0,. The concentration of lipid peroxidation
products was investigated: diene conjugates by
the optical density reaction of heptaneisopro-
panol lipid extract and malondialdehyde — spec-
trophotometrically by the colour reaction with
thiobarbituric acid.

Findings. The study showed that when us-
ing feeds with a protein content of 44-56%,
their average weight was 62.3-71.2 g with a
survival rate of 93.1-97.4%, while their highest
values were when fed Coppens Vital feed with
a protein content of 46% and fat of 10%. At
the same time, high haemoglobin content and
blood erythrocyte count of age-1+ was estab-
lished, which did not depend on feed compo-
sition and were, respectively, within the limits
of 110.0-117.0 g/L and 1.75-1.95x10%%/L. At
this time, the proportion of leukocytes relative
to erythrocyte count was highest when feeding
with Coppens Advance feed — 0.97%, and plate-
lets — when feeding with Coppens Vital feed
— 2.38%. The fish antioxidant defence system
showed a balance according to the feedback
principle, i.e. an increase in the level of antioxi-
dant activity inhibited free radical oxidation. At
the same time, the best values were observed
in fish, which were fed feed with a protein con-
tent of 46%.

Originality. For the first time in Ukrainian
aquaculture, an assessment of the productive pa-
rameters of age-1+ tench in RAS conditions was
provided, and the effect of feed of different for-
mulae on blood parameters and the antioxidant
defence system was analyzed.

Practical Value. Based on the results
obtained, a productive and biological justi-
fication will be provided for increasing the
efficiency of fish reproducers for tench repro-
duction in Ukrainian aquaculture. At the same
time, the study results are important for im-
proving the theoretical foundations of tench
reproduction and cultivation in industrial
conditions and can be used in the educational
process.

Keywords: weight, productive indicators,
two-year-olds, artificial feed, hemoglobin, eryth-

Aenanu y 10% 2omozeHamax MKAHUH 2ernamo-
naHkpeacy. MoKasHUK aKmueHocmi cyrepoKcuo-
ducmMymasu 8U3HaAYAAU AK YACMKY 20/16MYy8AHHA
peakyii 8i0HOB8/MEHHA HIMPOCUHLO20 Mempa3o-
nito 8 npucymHocmi peHasuHmemacynsgpamy,
a Kamasnasu — 3a 3MiHo KoHyeHmpayii H,0,.
Jocnidxcysanu emicm npodykmie rnepoKcudHo20
OKUCHEeHHA ninidie: 0ieHosux KoH’toeamie — 3a
PEAKYIEI0 ONMMUYHOI 2yCMUHU 2enmaHi3onpo-
MAHO/LHO20 eKCMpPaKmy sinidie, Masa0HO8020
dianboezidy — criekmpogpomomempu4yHO 30 KO-
/1b0POBOIO peakyieto 3 miobapbimypoeoro Kucso-
moto.

Pe3yabomamu. BcmaHoeneHo, wo 3a eupo-
WyeaHHA 0807IMOK AUHA 8 YMOBAX PeyupKyna-
yiliHux cucmem i3 3aCMOCYBAHHAM WMYYHUX
Kopmig i3 emicmom npomeiHy Ha pieHi 44-56%,
iXHA cepedHs maca cmaHosuna 62,3-71,2 2 npu
suxcugaHocmi y mexcax 93,1-97,4%, npu ybomy
ix Halisuwi 3HaYeHHsA criocmepieanucs npu 200ie-
71i kopmom «Coppens Vital» i3 emicmom npomei-
HY Ha pieHi 46%, a yupy — 10%.

BooHouyac, e8cmaHosesneHo 8ucoKull pieeHb
smicmy 2emoenobiHy ma KinbKocmi epumpouyu-
mig y Kposi 08071iMOK, AKi He 3a1excanu 8i0 CKAa-
dy KopMy ma nepebysanu 8i0nogioHO y mexcax
110,0-117,0 2/n ma 1,75-1,95x10*%/n. Y ueli yac
yacmka nelikoyumie 8iOHOCHO KinbKocmi epu-
mpoyumis 6yna Halisuw,oro npu 200iesi KOPMOM
«Coppens Advance» — 0,97%, a mpomboyumis
— npu 200ieni kKopmom «Coppens Vital» — 2,38%.

[MOKA3HUKU cucmemu GHMUOKCUOAHMHO20
3axucmy opeaHismy 3aceioyunu 36anaHcosa-
Hicmb 30 NPUHYUNOM 380pOMHO20 38°A3KY, MOb-
mo 36inbUWeHHS pi8HA AGKMUBHOCMI GHMUOKCU-
daHmMig 2an6My8as10 B8iNbHOPAOUKAsbHE OKUC-
HeHHA. [lpu ybomy HAUKpauUMU MOKA3HUKAMU
8i03HAYAOMbCA 080/MIMKU, AKUM 320008y80U
KOpM i3 8Micmom ripomeiHy Ha pieHi 46%.

Haykoea Hosu3Ha. Brnepwe 8 ymosax akea-
Kynbmypu YKpaiHU Ha0aHoO OUiHKY npodyKmue-
HUM OKA3HUKAM 080/1iMOK AUHA Yy 8UPOBHUYUX
YyMO8axX i3 3acmocy8aHHAM RAS ma npoaHanizo-
BGHO B1/71U8 KOPMI8 Pi3HUX peyenmyp HA MoKa3-
HUKU Kposi ma cucmemy GHMUOKCUOGHMHO20
3axucmy.

MpakmuyHa 3Hayumicme. Ha ocHosi ompu-
MaHUX pe3ynbmamis 6yde HA0AHO pubHUUbKe
ma 6ionoziyHe 06rpyHMy8aHHsA w000 MNidsuweH-
HA eghekmusHoCMI OignbHOCMI PUbHUYbKUX pe-
npodyKkmopie 3 8i0MBOPEHHA IUHA 8 AKBAKY/1b-
mypi YkpaiHu.

OO0Ho4YacHo, pe3ynbmamu 00Cni0HeHb €
8aHNUBUMU 0717 YOOCKOHA/EHHA meopemuy-
HUX 0OCHO8 8i0MBOPEHHA MA 8UPOULYBAHHA AUHA
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rocytes, leukocytes, platelets, malondialdehyde,
superoxide dismutase, catalase.

PROBLEM STATEMENT
AND ANALYSIS OF LAST
ACHIEVEMENTS AND
PUBLICATIONS

Currently, tench Tinca tinca (Linnae-
us, 1758) is an object of pond aquaculture,
the cultivation of seeds of which is based
mainly on the consumption of natural feeds
[1, 2]. However, high demand encourages
the development of technology for its in-
tensive cultivation, taking into account
modern achievements in biotechnology,
new technical solutions and progress in the
development of feed production, the com-
bination of which allows improving tradi-
tional technologies for growing this fish.
The introduction of intensive methods of
growing tench under controlled conditions
is considered the most promising approach
to improving growth and significantly in-
creasing production of this species [3, 4].

In the conditions of Ukrainian aqua-
culture, tench cultivation using industrial
aquaculture is practically not used due to
the lack of technological standards and
the market for specialized artificial feeds.
However, according to literature sources,
tench can fully adapt to cultivation in ar-
tificial systems [5—7], which requires ad-
ditional studies into such technological
elements as stocking density and feeding
ration.

During artificial cultivation of fish,
their physiological condition certainly de-
pends on complete food and their feeding
standards. Since there are currently no spe-
cialized artificial feeds for feeding tench,
various feeds for carp, trout, sturgeon and
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8 iHOycmpianeHUX ymoeax ma Moxcyme 6ymu
BUKOPUCMAHI Yy HABYAbHOMY npoyeci 044 cmy-
deHmie crieyianbHocmi «BoOHi 6Giopecypcu ma
aKB8AKYAbMypa».

Knr4oei cnosa: maca, npodyKmusHi nokas-
HUKU, 080aimKu, wmy4yHuUli Kopm, 2emoenobiH,
epumpoyumu, aelikoyumu, mpombéoyumu, ma-
AoHosuli  dianedezid, cynepokcudducmymasa,
Kamanasa.

MOCTAHOBKA MHPOBJEMM
TA AHAJII3 OCTAHHIX
JOCJIJKEHD 1 MYBJIKAIINA

B ymoBax croronenns nuH Tinca tinca
(Linnaeus, 1758) € 06’€kTOM CTaBOBOI aK-
BaKyJbTypH, BHPOIIYBaHHS IOCaIKOBOTO
Marepiany sIkoro 0a3yeTbcsi B OCHOBHOMY
Ha CIIOKMBaHHI IPUPOTHOT KOPMOBOT 0a3u
[1, 2]. OmHak BUCOKHWH TOMTUT CIIOHYKAE JI0
PO3pOOIIEHHST TEXHOJOTil HOro iHTEeHCHUB-
HOTO BHUPOIIYBaHHS i3 ypaxyBaHHSIM CY-
YaCHUX JOCATHEHL O10TEXHOJOT1I, HOBHX
TEXHIYHUX PIIEHB Ta MPOTPecy Y PO3BHT-
Ky KOPMOBHPOOHUIITBA, TIOEAHAHHS SKUX
IIO3BOJISIE YIOCKOHAUTH TPAIHLIHHI TeX-
HOJIOTii BHPOIIYBaHHS JAHOTO BHAY pHO.
BripoBamkeHHS IHTCHCHBHUX METOJIB BU-
POIIyBaHHS JINHA B KOHTPOJIBOBaHUX YMO-
BaX BBKAIOTh HAWTICPCIIEKTHBHIIIINM ITiJl-
XOJIOM JI0 TIOKPAIIEHHS POCTY Ta 3HAYHOTO
301IbIIEHHS MPOAYKIIT I[bOTO BUAY [3, 4].

B yMoBax ykpaiHCBKOI akBaKyJIbTYpH
BUPOILYBaHHS JINHA 13 3aCTOCYBaHHSM iH-
JycTpiaJibHOI aKBaKyJNbBTYpH TNPAKTHYHO
HE BUKOPUCTOBYETHCS UYepe3 BiJCYTHICThH
TEXHOJIOTIYHUX HOPMATHUBIB Ta PUHKY CIIe-
[iaTi30BaHUX IITyYHUX KopMmiB. OpHaK,
3TiHO 3 JITEepaTypHUMH JDKEpEenaMu, JTHH
MOK€ TIOBHOIIHHO aIanTyBaTUCS A0 KyJIb-
TUBYBaHHS B YMOBax INTYYHHX CHUCTEM
[5-7], mo moTpebye NOAATKOBUX IOCIi-
JUKCHb TaKUX TEXHOJIOTIYHHX EJIeMEHTIB,
SIK IUTBHICTh TIOCAJIKW Ta PAIiOH TOMIBIII.

3a ITYYHOTO KYyJIBTUBYBaHHS pUO ix-
HIH ¢i3ionoriyHuid cTaH, 0e3yMOBHO, 3a-
JISKUTH Bijl IOBHOLIHHOTO KOPMY Ta HOPM
sronoByBaHHs. OCKIIBKY HA JaHUH 9ac He
iCHy€ cIeriali3oBaHUX IITYYHHUX KOPMiB
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even marine fish are usually used during its
growing [8].

In this regard, many studies have been
directed at selecting the optimal feed for
feeding tench at different stages of growth
among feeds available on the market for
other fish species. According to some
studies, it has been found that tench bet-
ter digest feed with vegetable protein [8].
The use of specialized feeds for salmonids
allowed obtaining fish seeds with a high
survival rate of 89%, however, excessive
fat deposition and growth arrest were ob-
served, which, accordingly, required ad-
justment of the daily feeding rate [9]. At
the same time, the use of high-protein
feeds (>50%) contributed to excessive am-
monia excretion, which is a negative con-
sequence under RAS conditions [10].

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

Considering the growing role of tench
in modern aquaculture, there are reasons
to recommend the production of growing
age-1+ fish in RAS conditions. The pur-
pose of future studies is to find the most
optimal feeds for feeding different age
groups of tench and to conduct a more
in-depth analysis of the effect of these
rations on physiological and biochemical
parameters. Considering that haemoglobin
is the most important element of the oxy-
gen transport system in vertebrates [11,
12], to determine the optimal feeding ra-
tion, it is appropriate to conduct a study to
determine its content. Considering that the
structure of blood cells depends on grow-
ing conditions, including the feed quality,
and each type performs a specific function,
the study of these parameters allows as-

JUTSI TOAIBIIl JIMHA, TIPH HOTO BUPOIIYBaHHI
3a3BUYail BHKOPHCTOBYIOTh PI3HOMAHITHI
KOPMHU TSI KOPOTIiB, (hOpENIeBUX, OCETPO-
BHX Ta HaBiTh MOPCHKUX pHUO [8].

VY 3B’s3Ky 13 1M, Oarato JOCIiKCHb
OyJ10 CIpsSIMOBAHO Ha Mig0ip ONTUMAIBEHO-
ro KOpMY JUIsI TOMIBII JIMHA HA PI3HUX eTa-
Max BUPOIIYBAaHHS Cepell HASBHUX HA PUH-
Ky KOpMIB i iHIIWX BHIIB pub. Okpe-
MUMH JIOCITIDKCHHSIMH BCTaHOBJICHO, IO
JIMH Kpalle 3aCBOI0E KOPMH 3 POCIUHHAM
mnpoteinom [8]. BuxopucrtaHHs creuniaii-
30BaHUX KOPMIB IS JIOCOCEBUX pUO Aalo
MOXJIHBICT OTPUMATH PHOOIMOCATKOBUI
Marepian 3 BHCOKHM IIOKa3HUKOM BIKH-
BaHOCTI — 89%, omHaK crocTepiranocs
HaJMipHE BIJKJIQJaHHS XKHUPY Ta 3yIHHKA
B pOCTi, IO, BiANOBiAHO, MOTpPeOyBaso
KOpeTyBaHHs T0OOBOi HOpMHU TOMiBII [9].
BonHouac, BUKOpUCTaHHS KOPMIB i3 BUCO-
KAM BMiCTOM Mpoteiny (>50%) cnpusiio
HaJMipHOMY BHJICHHIO aMmiaKy, 110 € He-
raTUBHUM HacIiIkoM B ymoBax RAS [10].

BUAIVIEHHSA HEBUPIIIEHUX
PAHIIIE YACTHH 3ATAJIBHOI
INPOBJEMMU. META POBOTH

BpaxoBytoun 3pocTaHHA PO JIMHA Y
Cy4yacHiii aKBaKylbTypi, € MiACTaBU pe-
KOMEHIyBaTl 10 BHPOOHHYOrO BIIPOBa-
JOKEHHS. BUPOIIYBaHHS IIBOJITOK B YMO-
Bax RAS. ¥V meri MaitOyTHIX A0CHiIKSHD
€ MOIIYK HAWONTUMAJIBHIIIAX KOPMIB JUIs
TOJIIBJIi PI3HOBIKOBUX T'PYII JIMHA Ta IIPOBE-
JIeHHs! O11bII IMOMHHOTO aHaNi3y BIUIUBY
JIAHUX paIioHiB Ha (¢i3ionoro-06ioxiMivHi
MOKa3HUKHU. BpaxoBytoun, 10 reMoriodin
€ HaBXIUBIIIUM EJIIEMCHTOM TpaH-
CIIOPTHOT CHCTEMH KHCHIO Y XpeOeTHHX
[11, 12], nus BUSBICHHSA ONTHMATbHOTO
PpaItioHy TOJIBIII IOPEYHO MPOBECTH JTOCITi-
JOKCHHS 13 BU3HAYCHHS BMICTY JaHOTO Te-
MAaTOJIOTIYHOrO TOKa3HHKa. BpaxoByrouw,
10 CTPYKTYpa KIIITHH KPOBI 3aJICKUTH BiJI
YMOB BHUPOIIYBaHHS, Y TOMY YUCII 1 SIKOCTi
KOpMIiB, a KOKEH ii THUIT BUKOHYE crienniv-
Hy (DYHKIIi10, BUBUEHHS JaHUX MOKAa3HUKIB
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sessing the physiological state of the or-
ganism [13—15]. Also, under the effect of
a number of factors, including nutritional
imbalance, there may be imbalances be-
tween the activity of prooxidant factors
and the effectiveness of the organism’s
antioxidant system (AOS). This can lead
to an intensification of lipid peroxidation
(LPO) processes, the products of which
cause disruption of basic cell functions,
therefore, studying the state of equilibrium
of the AOC-LPO systems is an important
stage of studies in assessing the effective-
ness of using various feeds or additives to
them in fish feeding [15-17].

MATERIALS AND METHODS

The study was conducted under RAS
conditions of Karpatsky Vodogray LLC
during the spring-autumn period of 2022.
Three 0.96 m® tanks were used for the
study (Fig. 1). The duration of cultivation
was 225 days.

Based on the purpose of the study, an ex-
periment was carried out to study the effect
of feeding ration on the productive param-
eters and physiological condition of age-1+
tench. Cultivation was carried out at a stock-
ing density of 600 ind./m? (Table 1), as the
optimal option of previous studies [18].

Pools

JTO3BOJISIE OINIHUTH (hi310JMOTIYHUN CTaH
opranizmy [13—15]. Takox, mia BIUIMBOM
HU3KH (PaKTOPiB, B TOMY YHUCII 1 Xap4OBOTO
nucOanaHcy, MOXKIMBI TIOPYLIEHHS PiBHO-
Barl MiX AaKTHBHICTIO TPOOKCHAAHTHUX
YIHHUKIB 1 €EKTUBHICTIO aHTHOKCHIaHT-
Hoi cuctemu opranismy (AOC). Ile moxe
MPU3BECTH 0 iHTEeHCUiKalii mpoleciB
nepekucHoro okucHenHs miniaie (ITOJT),
MPOAYKTH SIKOTO BHKJIHMKAIOTH MOPYIICH-
HS OCHOBHHMX (PYHKIIH KIIITHH, TOMY BH-
BUEHHS CTaHy piBHOBaru cuctemMu «AOC-
I1IOJI» € BaXJIMBUM e€TalioM IOCHIiIKEHb
IpU OLIHII e(EeKTUBHOCTI 3aCTOCYBaHHS
PI3HUX KOpPMIB 200 JT00aBOK JIO HUX Y TO-
nisii pu6 [15-17].

MATEPIAJIM 1 METOAHN

JlocmipkeHHsT TPOBEJACHO B YMOBAax
RAS na 6a3i TOB «Kapnarcekuii Bo-
JIOTpail» yIpOJOBXK BECHAHO-OCIHHBOTO
nepiony 2022 p. s nochipKeHb BHKO-
pucToByBanu 3 Oaceiitu 06’emom 0,96 m*
(puc. 1). TpuBanicTh BUPOILYBaHHS CKJIa-
nana 225 mi0.

Buxomstun 3 Metu jgocminy, Oyrno
3MIACHEHO EKCIEPUMEHT 3 JIOCIIKEHHS
BIUIMBY PaIliOHy TOJIBII Ha MPOMYKTHBHI
TOKa3HUKHU Ta (Pi310JIOTIYHUIN CTaH IBOJI-
TOK JTMHA. BUpOIIyBaHHS TPOBOAMIN 3a
miasHOCTI mocanku 600 ex3./m® (Tabi. 1)

v v v T I T .
@ A" Me;l?tael:lcal [ Conlimton
y v v v ¥ v v v l

Mixing and

- -
aeration tank Biofilter

Fresh water supply
from heat pumps

« ﬁO. -

Pomp

|
A4

Storage
tank

Fig. 1. Scheme of the RAS tank module of the Karpatsky Vodogray farm for
rearing and growing juveniles of various fish species
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Table 1. Blood parameters of age-1+ tench grown in RAS conditions on different

feeds (M+m, n=5)

Parameters | Experiment | | Experiment Il | Experiment lll
Erythrocytes / RBC, 10'%/L 1.72+0.08 1.95+0.34 1.77+0.08
Leukocytes, % of RBC 0.88+0.05 0.61+0.08 0.97+0.07
Platelets, % of RBC 1.64+0.07 2.38+0.66 1.7410.34
Hemoglobin, g/L 117.0£3.86 111.0+1.63 110.3£3.84
Mean corpuscular hemoglobin (MCH), pg* 68.13+0.90 61.531+8.47 62.23+0.79
Mean corpuscular hemoglobin content
(MCHC), % 55.56+0.59° 43.53+2.88° 46.70£2.39%
Total protein, g/L 51.83+2.3 47.16+2.1 44.15+2.0
Glucose, mmol/L 8.47+0.4° 13.55+0.6° 11.64+0.5%

Note. Significant differences between study groups are indicated by different letters and are
considered statistically significant at P < 0.05 according to Fisher’s exact test.

Age-1 fish with an average individual
body weight within 8.1 g were selected for
the study.

Three options for artificial feeds from
different manufacturers were selected for
the study: Experiment I — “Aller Parvo EX
GR”, 0.5-2.0 mm with a protein content
of 44% and fat of 9.0%, Experiment II —
“Vital”, 0.5—-1.2 mm with a protein content
of 46%, fat — 10%, Experiment III — “Ad-
vance”, 1.0 mm with a protein content of
54%, fat — 15%.

Sampling to study growth dynamics
were conducted monthly. Weighing was
carried out on torsion balances of the ASIX
brand - A 500 with a resolution of 0.01 g,
up to 5 g, then Momert 6846.

Analysis of the main haematological
parameters: erythrocytes (RBC) 10'%/L,
leukocytes, (% of RBC), platelets, (%
of RBC), mean corpuscular hemoglobin
(MCH), erythrocyte corpuscular hemoglo-
bin content (MCHC), total protein, g/L and
glucose, mmol/L was performed using the
Miura 200 automatic biochemical analys-
er.

To determine the activity antioxidant
defence system (ADA) in the tench body,
10% homogenates of hepatopancreas tis-
sues were used [19]. The activity of su-
peroxide dismutase (SOD) enzymes was
determined as the proportion of inhibition

SIK ONTHMAJIBHOTO BapiaHTy IOMEpenHiX
nociimkens [18]. [nst exciepuMeEHTIB
Oyiu BimiOpaHi OJTHOPIYKH 3 CEpEeNHIM T0-
Ka3HUKOM IHIMBiAyadbHOI Macu Tina Ha
piBHI 8,1 T.

Hna nocnimkens Oymo oOpaHO TpH
BapiaHTH IMTYYHUX KOPMIB DI3HUX BH-
poonukiB: Jlochig I — «Aller Parvo EX
GR», 0,5-2,0 MM, i3 BMiCTOM TIpOTEiHYy Ha
piBH1 44% ta wupy — 9,0%; Hocnig II —
«Vital», 0,5-1,2 MM, i3 BMiCTOM NPOTEIHY
Ha piBHi 46%, xupy — 10%; Hocmig III —
«Advance», 1,0 MM, i3 BMiCTOM NPOTEIHY
Ha piBHI 54%, xupy — 15%.

KoHTponbHI JIOBH JUIS JOCTiKSHHS
MUHAMIKA POCTY MPOBOAWIM IIOMICSYHO.
3BaKyBaHHS 3IIHCHIOBAIA HA TOPCIHHUX
Tepe3ax Toprooi Mapku «ASIX» A 500 3
muckpetHicTio 0,01 1, 10 Macu 5 T, mOTIM
— «Momert 6846.

AHaii3 OCHOBHUX I'€éMaTOJOTIYHHX I10-
ka3HukiB — eputpouutis (RBC), 10'%/i;
neikonurie, % 10 RBC; TpombonuTis, %
1o RBC; cepenHboi KOHIIEHTpAIlil TeMOT-
no6iny (MCH); koHIeHTpallii B epuTpo-
uuti remorno6iny (MCHC); 3aranbHOrO
Oinka, /11, Ta TIFOKO3H, MMOIIL/JI, TIPOBE-
JICHO 13 3aCTOCYBaHHSIM aBTOMATHYHOIO
OioxiMiuHOTO aHaii3aropa «Miura 200%.

Jnsi BH3HAUCHHS IMOKA3HHUKIB AKTHB-
HOCTi CHCTEMHU aHTHOKCHIAHTHOTO 3aXH-
cty (CA3) B opranizMi JIMHIB BUKOPUCTO-

ISSN-L 2075-1508 FISHERIES SCIENCE OF UKRAINE « Ne 2/2025




EFFECT OF FEED COMPOSITION ON GROWTH, BLOOD PARAMETERS AND ANTIOXIDANT
SYSTEM OF AGE-1+ TENCH (TINCA TINCA LINNAEUS, 1758) IN CONDITIONS
OF RECIRCULATING AQUACULTURE SYSTEM (RAS)

of the nitroblue tetrazolium reduction reac-
tion in the presence of phenazine metasul-
fate [20] and catalase — by changing H,O,
concentration. [21]. The concentration of
lipid peroxidation products (LPO) was
studied: diene conjugates by the optical
density reaction of heptaneisopropanol
lipid extract [22] and malondialdehyde
(MDA) — spectrophotometrically by the
color reaction with thiobarbituric acid [23].

The numerical material obtained as a
result of the experiments was subjected
to statistical processing using standard
computer programs. The criteria for ana-
lyzing the parameters were their average
value and the error of the arithmetic mean
(M=£m).

STUDY RESULTS
AND THEIR DISCUSSION

As aresult of 225 days of growing age-
1+ tench, using different feeds, the aver-
age body weight of age-1 fish increased
by 7.7-8.8 times and reached 62.3-71.2
g. At the same time, the maximum body
weight was observed in fish in Experiment
II, which were fed with Vital. This experi-
ment also showed the highest survival rate
— 97.4%, which was 2.4% higher than the
results of Experiment I and 4.3% higher
than Experiment III (Fig. 2).

The growth rate of age-1+ tench had
an increasing cumulative dynamic. Almost
the entire growing period, age-1+ from
Experiment Il were superior in terms of
growth rate. Only in May and June, indi-
viduals from Experiment III were superior.
Starting in July, the growth rate of age-1+
tench in the second experiment outpaced
their peers from the first and third experi-
ments by an average of 1.2 times (Fig. 3).

Analysis of hematological tests showed
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ByBanu 10%-1i roMOreHaTH TKaHHH IeTaTo-
nankpeacy [19]. [Toka3HUK akKTUBHOCTI CY-
nepokcurcmyTasu (COJI) Bu3Hauam sk
YacTKy TaJIbMyBaHHS PEaKLil BI/THOBICHHS
HITPOCHHBOTO TETPA30JIit0 B MPUCYTHOCTI
¢denazuameracynbdary [20], xaramasu
— 3a 3MiHor0 Konuentpanii H O, [21].
JlocmipKyBamy KOHIEHTPAI[iI0 IPOIYKTIiB
nepokcuaHoro okucHeHHs mimmais (ITOJI):
JIEHOBUX KOH'IOTaTiB — 3a PEaKIi€ro
ONITUYHOI TYCTHHHU TeNTaHi30IPONaHOIb-
HOTO €KCTpPAaKTy JimiAis [22], Ta MaloHo-
Boro mianpaeriny (MJIA) — crekrpodo-
TOMETPHYHO 32 KOJIBOPOBOIO PEAKIIEI0 3
Ti06apOiTypOBOIO KUCIIOTOO [23].

OpepxaHuii B pe3ydbTaTi IMpOBeEle-
HUX EKCIIEpUMEHTIB IU(PPOBHIA MaTepian
MiJIaHO0 CTAaTUCTUYHIA 00poOLi 3a cTaH-
TApTHAMH KOMIT IOTEPHIMH IPOTpaMaMH.
KpurepismMu aHamisy IOKa3HUKIB Oyau
iXHS cepelHs BeNWYWHA Ta IMOXHOKa ce-
penHboi apudmernynoi (M+m).

PE3YJIIBTATH AJOCJIAXEHDb
TA IX OBTOBOPEHHS

VY pesynbrari 225-11 110 BUPOIYyBaHHS
JIBOJITOK JIMHA NPH 3aCTOCYBaHHI Pi3HUX
KOPMIB CEpeJTHS Maca Tijla OJHOPIYOK 301JTh-
macs y 7,7-8,8 pasa i mocsirna 62,3-71,2
r. [Ipy mpOMy MakCHMaTbHOIO Macoro Tijla
xapakrepuzyBanucs ocoounu 3 Hocmiay 11,
SIKMM 3rofioByBaiu «Vitaly. Y nanomy no-
ciigl Takok 3a(iKCOBAHO MaKCHMAJIbHHUMA
MMOKa3HMK BHKHBAHOCTI — 97,4%, sKkuii Ha
2,4% mnepeBuiryBaB pesynbrar Jocmiay 1
ta Ha 4,3% — Jocaigy III (puc. 2).

TeMIl pocTy ABOJITOK JIMHA MaB 3poO-
CTaNbHy  HaKONMYYBaJIbHY  JAWHAMIKY.
[IpakTHyHO yBech MeEpiox BUPOIIYBaHHS
3a MMOKa3HUKaMH TEMITy POCTy IOMiHyBa-
mu neoditku 3 Hocminy 1. JIume B TpaBHi
Ta YEpBHI 3a JaHUM IOKa3HHKOM IIepIie
Miciie mocinu ocoounu 3 Jocmiay II1. TTo-
YMHAIOYH 3 JIUITHS, 32 TEMIIOM POCTY ABO-
JITKH B JPYroMy AOCTiAl BUIEPEIKAIH
CBOiX OIHOJITOK 3 TEPIIOr0 Ta TPETHOTO
JIociiB y cepenabromy B 1,2 pasa (puc. 3).
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Fig. 2. Average individual weight and survival of age-1+ tench grown in RAS

conditions using different diets
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Fig. 3. Growth dynamics of age-1+ tench grown under RAS conditions using dif-

ferent feed rations (M+m, n=15)

that the hemoglobin level in the experi-
mental groups of tench was high—110-117
g/L, without statistically significant differ-
ences, which significantly exceeded that in
tench from natural water bodies [24] and
from cultivation in cages [17].

The highest erythrocyte content was
observed in age-1+ tench of the second

3TriJHO 3 aHAJI30M pe3yJIbTaTiB reMaTo-
JIOTIYHHMX JTOCHIIKEHb, BCTAHOBJIEHO, IO
piBEHb TEMOIIOOIHY y IOCIITHUX TPyIax
nuHa OyB BucokuM — 110-117 r/m, 6e3
CTaTHCTHUYHO JOCTOBIPHUX BiIMIHHOCTEH,
1 3Ha4YHO NEPEBUILYBAB BiIMOBIIHI TOKa3-
HUKH Y JIMHIB 13 IPUPOIHUX BOIOWM [24]
Ta 3 BUPOIIYBaHHS y caakax [17].
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experimental group (1.95x10'%/L), which
was 10.2-13.4% higher than the values in
Experiments III and I, respectively. At the
same time, the proportion of leukocytes
relative to the number of erythrocytes was
the highest when using Coppens Advance
feed — 0.97%, and the lowest — in Experi-
ment I —0.61%. At the same time, the age-
1+ tench of this experimental group had
the highest platelet count — 2.38%, which
was the lowest in Experiment 1.

MCHC and MCH varied depending on
the experimental variant and were lowest
in Experiment II and highest in Experi-
ment III.

In order to determine the effect of diet
on AOC activity and the content of prod-
ucts (POL) in age-1+ tench, liver samples
from experimental groups of fish were
taken. In this case, the enzymatic link of
AOS is represented by superoxide dismu-
tase (SOD) and catalase; the products of
POL are diene conjugates (DC) and TBA
products.

The studies of the enzyme link of the
antioxidant system showed that the lowest
catalase activity was in the liver of age-1+
tench from Experiment III, which were fed
with Advance feed, and the highest — of
age-1+ fish from Experiment II (Vital) (P
< 0.01). Tench of Experiment I (Aller Par-
vo) occupied an intermediate position in
terms of catalase activity: it was insignifi-
cantly higher by 1.2% than when fish were
fed with Advance feed, and lower by 1.7%
than when fed with Vital feed (Table 2).

At the same time, the highest value of
SOD activity was in age-1+ tench fed with
Advance feed, which was 23.1% higher
compared to the lowest value in age-1+
fish of Experiment I (P < 0.05). According
to this parameter, age-1+ from Experiment
II (Vital) were 2.3% inferior to those from
Experiment III (Advance), but exceeded
fish fed with Aller Parvo by 20.3%.

The content of diene conjugates, which
are the primary link of lipid peroxidation
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3a BMICTOM E€pUTPOIMTIB TepEBAKAIH
NBOJNITKA JIUHA JAPYroi JOCIIAHOT Tpymu
— 1,95%10'%/m, o wa 10,2-13,4% Buime
3HaueHb y Mocmigax III i I BimmosigHo.
[Ipu 1bOMY, YacTKa JCHKOIMTIB BiJHOCHO
KIJIBKOCTI €pUTPOLUTIB Oyna HaWBHUIIOIO
npu ToiBiI kopMoMm «Coppens Advance»
— 0,97%, a maitHmxuoro — y [ocmiai
II — 0,61%. BomHouac, y ABONITOK i€l
JOCTiMHOI Tpymu Oyjia BCTAaHOBJICHA Mak-
cUMaJlbHa YacTka TpoMOomuTiB — 2,38%,
sika Oyrna HaitHmxuoro y Jocmiai L.

BMict reMommoOiHy B epHTPOIHTI
(MCHC) Ta iforo cepenHs KOHIIEHTpalis B
epurpormtax (MCH) BapiroBaiv B 3aJIe)KHO-
CTi Bifl BapiaHTy AOCIiTy 1 Oy HalHIKINIMU
y Hocumini 11, a vaiBummvu — y Jocmini 111

3 METOI0 BU3HAYCHHS BILTHBY PallioHy Ha
aktuBHICTH AOC Ta BMicT npoxyktiB [TOJI
JIBOJITOK JIMHA, BiNIOpaHO 3pasKH MEYiHKU
eKCIIepUMEHTATIFHUX Tpym pud. B manomy
BUNAJKY pepmenTHa 1aHka AOC Oyrna rpen-
cTaBieHa cyrepokcuycmyTtasoro (COJ) i
karanazoto; npoayktu [10JI — nieHoBuMH
koH 'toraramu (/1K) i TBK-npomykramu.

VY pesynbTari JAOCHIIKEHb MOKa3HH-
KiB (DepMEHTHOI JIAHKH aHTHOKCHIaHTHOI
CHUCTEMH BCTAHOBIICHO, IO HAWHIDKYOIO
AKTUBHICTD KaTaJla3u BUSIBHJIACS Y TTCUiHITI
nBoniTok nuHa i3 Jocmigy 111, sixux romy-
Bay KopMoM «Advancey, a HAaHBUIIIOIO —
y aositok Hocminy II («Vital») (P <0,01).
Jeomitku docaimy I («Aller Parvoy) mo-
cijalmi TPOMIXKHE Miclle 3a aKTHBHICTIO
KaTaJla3u: BOHa Oyiia HEBIPOTiJHO BH-
moro Ha 1,2%, HK IpH TOIiBII KOPMOM
«Advancey, 1 HWx4o0 Ha 1,7%, HiXK TIpH
ronieii kopmoM «Vital» (Tabm. 2).

Bomnouac, MakcumampHEe 3HAYCHHS
aktuBHOCTI COJ] ciocTepiranocs y ABOJIi-
TOK JIMHA TIPH TOIBIII KOpMOM «Advancey,
sxe Oyno Ha 23,1% BuImMM HpOTH Ha-
HWKYOTO 3HAYCHHA y ABomiToK Jlocmimy I
(P < 0,05). 3a naHrM OKa3HUKOM JIBOJIIT-
ku Jocmimy 11 («Vital») Ha 2,3% mocryma-
mucst takuM Jocnigy 111 (Advance), mpote
Ha 20,3% TmepeBHITYBaIH ABONITOK, SKHM
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Table 2. Parameters of the state of the antioxidant system of age-1+ tench when
grown under RAS conditions on different feeds (M+m, n=4)

Parameters Experiment | Experiment Il Experiment lll
Aller Parvo Coppens Vital Coppens Advance
Catalase, umol H,0, /min/mg protein 55.25+0.1® 56.17+0.05° 54,57+0.34°
COD, u/min. / mg protein 2.81+0.09° 3.38+0.41% 3.46+0.17°
Diene conjugates, nmol/mg protein 2.05+0.11° 1.3610.03° 1.58+0.07°
MDA, nmol/mg protein 1.76+0.11° 1.43+0.03" 1.60+0.12%

Note. Significant differences between study groups are indicated by different letters and were
considered statistically significant at P < 0.05 according to Fisher’s exact test.

products, in tench from Experiments II and
III was statistically lower than in Experi-
ment [ by 33.6% (P <0.001) and 22.9% (P
< 0.05), respectively, while in tench from
Experiment III it was higher by 13.9%
compared to those from Experiment II.

A secondary product of LPO is malon-
dialdehyde, which reflects the level of oxi-
dative stress in the body. Its content in age-
1+ tanch fed Vital feed was the lowest, and
it was the highest in those of Experiment I
(P <0.05).

Analysis of the antioxidant system sta-
tus parameters shows that age-1+ tench
fed with Coppens Vital feed, which had
the highest catalase activity and the low-
est levels of lipid peroxidation products,
were characterized by the highest level of
protection against highly toxic oxygen rad-
icals. The results obtained are fully con-
firmed by literary sources, which show the
dependence of the content of lipid perox-
idation products and antioxidant enzymes
in the fish body on feeding rations [25].

CONCLUSION AND
PERSPECTIVES OF FURTHER
DEVELOPMENT

Studies on the cultivation of age-1+
tench in RAS tancks, which lasted 225

3rofioByBaju kopM «Aller Parvoy.

BMicT nmieHoBMX KOH’IOraTiB, fKI €
MEepBUHHOIO JaHKOK mpoxykriB [10JI, y
nBonitok 13 Jlocmiais II ta III GyB craruc-
THYHO HIKuuM 1moao Jdocniny 1 Ha 33,6%
(P <0,001) ta Ha 22,9% (P < 0,05) Bixmo-
BiJTHO, TIPH 1IbOMY y aBoJTiTOK Jlocmigy 111
BiH OyB BuIMii Ha 13,9% y mopiBHsHHI i3
neomitkamu Jlocmimy 11.

Bropunnum npoanykrom I1OJI € mano-
HOBHH JiajbJerij, SKuid BimoOpakae pi-
BEHb OKCHJIATUBHOTO CTPECY B OpPTaHi3Mi.
Moro BMIiCT y JBONITOK, SIKHX TOIyBajy
KopMoM «Vitaly, OyB HalfHIKINM, a MaK-
CHUMaJbHUM BiH BUSBHBCS y JABONITOK Jlo-
criny I (P <0,05).

AHali3 TIOKa3HUKIB CTaHy aHTHOKCH-
JIAHTHOI CUCTEMH CBITYWTH, IO ABOIITKH
JIMHA, Y SKUX OYyJI0 BCTAaHOBJIEHO HAWBHII
MMOKa3HUKU aKTUBHOCTI KaTanxa3w Ta MiHi-
MaJIbHI 3HaueHHs BMicTy npoxykTis [1OJI
npu roxiBii kopMmoMm «Coppens Vitaly,
XapaKTepU3yBaIUCs HAaWBUIIUM pIBHEM
3aXUCTy OPTaHi3My BiJl BACOKOTOKCHYHHUX
KHCHEBHX paankamiB. OTpuUMaHi pe3yiib-
TaTH IUJIKOM MiATBEPIKYIOThCSA JiTepa-
TYPHHMH JDKEpElTaMH, B SKHX IOKa3aHa
3ajexHicTs BMicTy mpoxykrtiB IIOJI Ta
AHTHOKCUJIAHTHHUX (DePMEHTIB B OpraHi3Mi
pu0 Bix parionis roxismi [25].

BUCHOBKHU TA HNEPCIIEKTUBH
MHOJAJIBIIOIO PO3BUTKY

[IpoBeneHi AOCTIKEHHS 13 BHUPOIILY-
BaHHS JBONITOK JMHA y OaceiiHax RAS,
sKi TpuBayM 225 mi0, mokasand, 1o 3a
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days, showed that when using extruded
feeds of three recipes, their average weight
reached 62.3-71.2 g with survival rates
within 93.1-97.4%, while their highest
values were when fed Coppens Vital feed
with a protein content of 46% and fat of
10%.

Analysis of the results of hematologi-
cal studies showed a high level of hemo-
globin content and blood erythrocyte count
of age-1+, which did not depend on the
feed composition and were respectively
within the limits of 110.0-117.0 g/L and
1.75-1.95x10'%/L. At this time, the propor-
tion of leukocytes relative to the erythro-
cyte count was highest when fed Coppens
Advance feed — 0.97%, and platelets —
when fed Coppens Vital feed — 2.38%.

At the same time, the AOS-POL system
in the liver of age-1+ tench of all exper-
imental groups showed good balance ac-
cording to the feedback principle, i.e. an
increase in the level of antioxidant activ-
ity inhibited free radical oxidation. At the
same time, the best balance between AOS
and POL are observed in age-1+ tench
when fed with Coppens Vital feed.

Thus, the use of artificial feeds of three
brands for feeding age-1+ tench in RAS
conditions showed positive results, how-
ever, it is advisable to use feeds with a
fat content of no more than 10%, and the
possibility of using feeds with a higher fat
content requires additional studies.
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BUKOPHCTAHHS EKCTPYIOBAaHMX KOPMIiB
TPBOX PELENTIB CepeiHs Maca pub A0CsT-
na 62,3-71,2 T Ipu BIXKUBAHOCTI Y MEKax
93,1-97,4%, npu upOMy HaWBHUII 3HA-
YeHHS JaHWX NOKA3HHUKIB CIIOCTEpirajm
npu roxiiai xopmoMm «Coppens Vitaly i3
BMIiCTOM TIpOTeiHy Ha piBHI 46%, a Xupy
— 10%.

3riJHO 3 aHAJI30M pe3yJIbTaTiB reMaTo-
JIOTIYHHUX JOCHiPKEHb, BCTAHOBIICHO BH-
COKHI piBeHb Y KPOBI JBOIITOK BMICTY Te-
MOIVIOOIHY Ta KiJTbKOCTI €PUTPOLUTIB, AKi
HE 3aJIe)KaIN Bifl CKJIaTy KOpMY Ta Tepe-
Oysanu BiamosigHo y Mexax 110,0-117,0
r/m Ta 1,75-1,95x10'%/11. YV neit xe yac,
YacTKa JICHKOIMTIB BiHOCHO KUIBKOCTI
EpUTPOIUTIB Oylia HAWBHIIOI MPH TOJIB-
i kopmoM «Coppens Advance» — 0,97%,
a TPOMOOIIUTIB — TPH TOMIBII KOPMOM
«Coppens Vital» — 2,38%.

Bognouwac, cucrema «AOC-IIOJ» y
MEYiHIi JBONITOK JIMHA YCiX AOCHIIHUX
TPyl ToKa3zaja ao0py 30alaHCOBaHICTH
3a MPUHIIMIIOM 3BOPOTHOTO 3B’sI3KY, TOOTO
301JIbIIEHHS] PIBHS aKTHBHOCTI aHTHOKCH-
JAHTIB TalbMyBaJl0 BUIBHOPAJIUKATBEHE
okHCHeHHs. [Ipy oMy HallkpaluMHu 1o-
kazHuKkaMmu piBHoBaru Mixk AOC Ta I1OJI
BiJI3HAYAJIMCS JBOJITKY JIMHA TIPU TOIIBII
kopmoM «Coppens Vitaly.

TakuM YMHOM, BHKOPHCTAHHS INTYY-
HUX KOPMIB TPbOX TOPTOBHX MApOK JUIs
TOJIIBJII JIBOJIITOK JIMHA B yMOBax RAS rmo-
Ka3ajo MO3UTUBHI Pe3ylbTaTH, OHAK JO-
IJIBHO BUKOPHUCTOBYBAaTH KOPMH i3 BMicC-
TOM >xupy He Ounbie 10%, a MOXIHBICTD
3aCTOCYBaHHS KOPMIB 13 BHIIIMM BMIiCTOM
KHUPY BHMArae JOAaTKOBHX JIOCIiKEHb.

KOH®JIIKT IHTEPECIB
V wiii po0oTi KOHGIIIKT iHTEpECiB aBTO-
PiB BIACYTHIH.
JAXKEPEJA ®IHAHCYBAHHS

OTpuMaHi pe3ysibTaTd € CKJIaJI0BOIO
mporpamM HaykoBHX JociijkeHr HAAH
Ha 2021-2025 pp.: 32. «Cucrema KOMII-
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hensive scientific support for fisheries in
inland waters of Ukraine” (“Fisheries and
fishing”) under the task 32.00.00.14Pk
To investigate the possibility of artificial
reproduction and cultivation of breeding
groups of tench (Zinca tinca) in the lan-
guages of reproducers with different levels
of intensification of fish farming. State reg-
istration number 0121U108913.
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