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Purpose. Assessment of cytogenetic indica-
tors of the sturgeon (Acipenseridae) hybrid bester
in the first year of cultivation under conditions of
increased heat load with the introduction of the
probiotic “Subalin” into the diet.

Methodology. The study was carried out in
2025 in the conditions of the Biosila LLC farm,
in the technological cycle of which warm waste
water from the power plant is used. Age-0+ were
grown in tanks with feeding them with a commer-
cial compound feed with additional introduction
to the diet of the drug “Subalin” — a probiotic
based on Bacillus subtillis. The assessment of
fish productive parameters and physicochemical
factors of the environment was carried out us-
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Mema. OuiHKa yumozeHemu4HUX MOKA3HU-
Kie 2ibpuda ocemposux (Acipenseridae) becmepa
HQa nepwomy poui 8UPOWYBAHHA 8 yMoB8ax nideu-
WeHo20 mernsa08020 HABAHMAMEHHA i3 88e0€eH-
HAM 00 payioHy npobiomuka «CybaniH».

Memoouka. [ocnidxeHHa 30ilicHeHo Yy
2025 p. 8 ymosax 2ocnodapcmea TOB «biocuna»,
Yy MexHoM02iYHOMY UUKAI AKO20 8UKOpUCMOBY-
E€MbCA menaa cKuOHa 800a eHepaemMuYyHoi ycma-
Hoeku. becmepa sikosoi epynu 0+ supowjysanu e
baceliHax 3 2o0ienero KomepuyiliHumu Kombikop-
mMamu i3 000amKosUM 88e0eHHAM 00 PayioHy
npenapamy «Cyb6aniH» — npobiomuKka Ha 0CcHO8i
Bacillus subtillis. OyiHKy pubHUYbKUX MOKA3HU-
Kie ma ¢hi3uKo-xiMiYHUX YUHHUKIi8 cepedosuwa
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ing common methods. Cytogenetic studies with
micronucleus testing in peripheral blood cells of
bester were performed based on the count of
erythrocytes with micronuclei, lymphocytes with
micronuclei, binuclear lymphocytes and apopto-
sis in at least of 1000 cells. Blood smears were
examined using a Primo Star binocular micro-
scope (Carl Zeiss Jena) with a magnification of
100x/1.25 with immersion. The obtained values
of cytogenetic abnormalities were expressed in
ppm (%o).

Findings. At the final stage of growing
bester, the water temperature for 33 days
ranged from 28.1 to 31.3°C (on average, it was
30.1°C), which significantly exceeds the recom-
mended values (no more than 25-26°C). The
hydrochemical parameters of the tank environ-
ment were suitable for sturgeon aquaculture
with a slight excess of individual regulatory
values. In the experimental group of fish (n=15)
with the introduction of the probiotic “Subalin”
into the diet, the average weight of the bester
was 128.80+3.42 g (Cv=10.29%). In the control
group of fish (n=15), grown without adding
probiotic to the diet, the average weight was
110.7342.86 g (Cv=9.99%). The studied bester
groups had a relatively low average level of the
count of erythrocytes with micronuclei (from
4.1#0.2 to 4.4+0.3%0). No statistically signifi-
cant intergroup differences were found in the
count of lymphocytes with micronuclei, with
slightly lower values in the experimental group
of fish (1.240.2%o versus 1.5+0.2%o. in the con-
trol). At the same time, a comparative analysis
of the level of detected binuclear lymphocytes
showed that the experimental group of bester
had statistically significantly lower values of
this parameter (2.0+0.2%o versus 3.1+0.2%o in
the control). This may indicate a more stable
genetic apparatus of the experimental group
of fish, whose diet was supplemented with the
probiotic “Subalin”.

Originality. For the first time in sturgeon aq-
uaculture in Ukraine, the feasibility of performing
cytogenetic assessment of bester juveniles based
on analysis of the level of destabilization of the
chromosomal apparatus of fish has been sub-
stantiated.

Practical Value. The results of the study can
be used to improve technological schemes for in-
tensive sturgeon farming and develop a system
for controlling the genetic structure of breeding
sturgeon stocks, which is critically important for
preserving their gene pool.
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nposodunau 3a MOWUPEeHUMU MemoOUKAMU.
LlumozeHemu4Hi 00CnidieHHA 3 BUKOHAHHAM
MiKposAdepHO20 mecmy 8 KAaimuHax nepugepuy-
Hoi Kposi becmepa 30ilicHIO8aAU 30 KinbKicmio
epumpoyumie 3 MiKkpoadpamu, aimgoyumie
3 Mikpoadpamu, 080A0epHUX Aim@oyumie ma
anonmosie He meHwe Hix y 1000 KaimuHax.
JocnionceHHa masKie Kpoei nposodusau 3a domno-
MoOo20t0 BiHOKYAAPHO20 MIKpOoCcKona «Primo Star»
(«Carl Zeiss Jena») 3i 36inbweHHam 100x/1,25 3
imepciero. OMpuMaHi 3HaG4YeHHA YyumozeHemuu-
HUX MopyweHb 8UpPaXanu y npomine (%o).
Pesynemamu. Ha 3asepwansHomy emani
supowysaHHA becmepa memnepamypa 600U
snpodosxc 33 0i6 Konusanace y mexmcax 28,1—
31,3°C (8 cepedHbomy cmaHosuna 30,1°C), wo
icmomHo nepesuwjye peKoMeHO0BAHI 3HA4YeHHsA
(He 6inbwe 25-26°C). TOpoXiMiuHi MOKA3HUKU
cepedosuwia baceliHis byau npudoamHumu 048
aKBaKynbmypu ocemposux pub, 3a He3HaYHo20
rnepesuweHHA OKpemux HOPMAMUBHUX 3HA4eHb.
Y 0ocnidHil epyni pub (n=15) i3 egedeHHAM 00
pauioHy npobiomuka «CybaniH» cepedHa maca
b6ecmepa cmaHosuna 128,80+3,42 2 (Cv=10,29%).
Y KoHmponoHil epyni pub (n=15), supoweHil 6e3
000as8aHHA 00 payioHy npobiomuka, cepedHs
maca cmaHosuna 110,73+2,86 2 (Cv=9,99%).
JocnioxceHi epynu 6ecmepa manu 8i0HOCHO He-
8UCOKUL cepedHili piseHb KinbKocmi epumpouyu-
mie 3 mikpoadpamu (8i0 4,1+0,2 0o 4,4+0,3%o).
3a KinbKicmio aimgoyumise 3 Mikpoadpamu He
8UABMNEHO CMAMUCMUYHO O0CMOBIPHUX MiMc2py-
rnosux giomiHHocmell, 3 0ew0 HUXYUMU 3HQYeH-
HAMU y 00cnioHili epyni pub (1,2+0,2%. npomu
1,520,2%0 y KOHMposi). BoOHo4ac, nopigHAAbHU
aHani3 pieHA suseneHux 080A0ePHUX AiMgpoyu-
mie nokasas, wo 0ocnidHa epyna becmepa cma-
mucmu4yHO 00CMOBIPHO MANA HUMYi 3HAYeHHA
Ub020 NoKasHuKa (2,010,2%o0 npomu 3,140,2%o y
KOHMponi). Lle moxce ekazysamu Ha cmabinbHi-
wuli eeHemuyHuli anapam 0ocaidHoi 2pynu pub,
00 pauioHy AKoi 88o0unu npobiomuk «CyoaniH».
Haykoea Hoeu3Ha. Briepwe 8 akeaKynemypi
ocemposux pub 8 YKpaiHi obrpyHmosaHo 0o0-
YiflbHiCMb BUKOHAHHA UUMO2eHemu4Hoi OyiH-
KU Mosnodi becmepa Ha OCHO8I aHAnI3y pieHA
decmabinizayii xpomocomHozo anapamy pub.
MpakmuyHa 3Ha4vywicme. Pesyabmamu 0o-
cnidxeHs MOMYymb 8uKopucmosysamuce 017
YOOCKOHAIEHHA MEXHOM02IYHUX CXeM iIHMeHcus-
HO20 ocempisHUYymMea ma po3pobraeHHA cucme-
MU KOHMPOIO 2eHeMUYHOI cmpyKmypu naemiH-
HUX cma0 ocemposux pub, Ujo € KOUMUYHO 8aH(-
AusuUM 0115 36epexceHHs IXHb020 2eHOGpOHOY.
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PROBLEM STATEMENT
AND ANALYSIS OF LAST
ACHIEVEMENTS AND
PUBLICATIONS

As a result of the negative impact of a
complex of anthropogenic factors, which
led to critical changes in the conditions of
existence of sturgeons, there was a cata-
strophic decrease in their natural stocks,
some of the most valuable species of the
world’s ichthyofauna. Therefore, for a long
time now, the main source of production in
Ukraine of its own sturgeon products has
been commercial aquaculture [1-3].

At the same time, in the process of
developing commercial sturgeon farming
technologies, a common method of in-
creasing the efficiency of sturgeon aqua-
culture has become the cultivation of their
industrial hybrids with the most important
properties for economic use. Among them,
the following should be highlighted: in-
creased growth and viability, high fecun-
dity, accelerated sexual maturation, advan-
tages in artificial reproduction and the best
adaptability to technological processes of
producing raw materials for the produc-
tion of the most valuable type of sturgeon
product — caviar [1, 2]. One of the most
promising are various hybrid forms ob-
tained through artificial hybridization of
beluga (Huso huso) with sterlet (Acipenser
ruthenus) with the breeding of highly pro-
ductive hybrids with the well-known name
bester. In particular, hybrids bred by re-
ciprocal crossing of bester with one of the
parent sturgeon species are of considerable
interest [2, 4].

Among the key aspects of scientific
research aimed at improving the results
of sturgeon aquaculture, it is necessary

Knouoei cnoea: ocemposa aKkeaxynbmy-
pa, MmMos00b becmepa, iHMeHcusHe 8uUpPOWY-
BGHHSA, mMeraoee HABAHMAMEHHA, MPobiomukK
«CybaniH», MikpoadepHuli mecm, yumozeHe-
MUYHI MOpYweHHs.

IIOCTAHOBKA IIPOBJIEMHA
TA AHAJII3 OCTAHHIX AOCIJII-
JI)KEHDb 1 MYBJIKALIN

BHac1i1ok HETaTUBHOTO BIUIMBY KOMII-
JIEKCY aHTPONIOTeHHHUX YMHHUKIB, IO MIPH-
3BEJM IO KpUTUYHUX 3MiH YMOB iCHYBaHHS
OCETPOBUX pHUO, BIIOYI0OCH KaTacTpohiuHe
3MEHIICHHS NPHPOAHUX 3aIaciB IHUX Of-
HUX 13 HaWIIHHINIMX MPEICTAaBHUKIB CBi-
ToBOi ixTiopaynu. Tomy Bxke TpuBamuit
9ac OCHOBHHM JDKEPEJIOM BUPOOHHIITBA
B YKpaiHi BIIaCHOI OCETPOBOT MPOAYKIIIi €
TOBapHE OCETPIBHULTBO [1-3].

Bomnouac, y mporeci po3BUTKY Tex-
HOJIOTili TOBapHOTO OCETPIBHHUIITBA PO3-
MOBCIO/DKEHUM ~ METOJIOM  ITi/IBHIIICHHS
€(EKTUBHOCTI aKBAaKyJIBTYPH OCETPOBUX
pHO cTano BUPOIIYBAHHS iX IPOMHUCIOBUX
riOpHUIiB 13 HAMBAXIUBIIIHUMH JJIs1 TOCIIO-
JTApCHKOTO BUKOPUCTAHHS BIACTHBOCTSIMU.
Cepexn HHX HacaMmepen Cilill BHIUTUTH
MiABHIIEH] TPUPOCTH 1 >KUTTE3AATHICTH,
BUCOKY IUIOIIOYICTh, NMPHCKOPEHE CTare-
B€ JI03piBaHHS, NEPEBarud y 3aBOJCHKOMY
BITBOPIOBaHHI Ta HAaMKpamry HpUCTOCO-
BaHICTh JI0 TEXHOJOTIYHUX MPOIIECiB MPO-
IYKyBaHHS CHPOBHHH UIS BUPOOHHIITBA
HaMIiHHINIOrO BUAY OCETPOBOI MPOAYKIIi{
— yYopHoi xap4oBoi ikpu [1, 2]. OqauMH
3 HaWNEepCIEeKTUBHININX € pPi3HOMAHIT-
Hi TiOpuaHi (GOpMH, OTpHUMaHi 3aBISKH
mTy4Hi# ribpuausanii Oimyru (Huso huso)
31 crepisio (Acipenser ruthenus), 3 BU-
BE/ICHHSIM BHCOKOTIPOIYKTUBHHX Ti0pUAiB
13 3araJpHOBIZOMOIO Ha3BOIO Oectep. 30-
KpeMa, 3HaYHM IHTepeCc BUKJIMKAIOTh Ti-
OpuIy, BUBEICHI MUITXOM PEHUIPOKHOTO
cXpelyBaHHs OecTepa 3 OJHUM 13 0aThKiB-
ChKHX BHIIB OCETPOBHX [2, 4].

Cepenl KIIIOYOBUX ACTEKTIB HAyKOBUX
TOCTIKEeHb, CIIPSIMOBAHUX Ha MOJIIMIICH-

209

ISSN-L 2075-1508 FISHERIES SCIENCE OF UKRAINE « Ne 4/2025




CYTOGENETIC ASSESSMENT OF THE STURGEON (ACIPENSERIDAE) HYBRID BESTER ON THE FIRST
YEAR OF CULTIVATION USING WARM WASTEWATER FROM A POWER PLANT

to separately highlight the improvement
of the composition of artificial diets and
methods of feeding sturgeon juveniles
in order to mitigate the impact of stress-
ful factors in the process of intensive fish
farming [5-11].

Comprehensive genetic studies of ar-
tificially formed breeding groups of Acip-
enseriformes using DNA markers, protein
systems and cytogenetic indicators are also
of priority for the further effective devel-
opment of sturgeon farming [12—17]. Re-
cently, use of a micronucleus test showed
that separate broodstocks of American
paddlefish (Polyodon spathula), sterlet,
and Siberian sturgeon (Acipenser baerii)
created in Ukraine were characterized by
a relatively low level of cytogenetic disor-
ders. In general, this indicates the stabili-
ty of the genetic apparatus of fish and the
absence of a significant exogenous load
on their immune system under acceptable
growing conditions [12, 16, 17].

Therefore, among the current problems
of scientific support for modern sturgeon
aquaculture in Ukraine, one can name the
cytogenetic assessment of individual age
groups of the main objects of commercial
sturgeon farming, considering the tech-
nological features of their cultivation in
specific environmental conditions of var-
ious industrial-type farms. The feasibility
of using cytogenetic testing methods is
primarily justified by the need to identify
the possible impact on fish of a complex of
genotoxic factors of various origins.

Since the hematopoietic system of fish
is very sensitive to changes in the environ-
mental conditions, the micronucleus test in
peripheral blood cells can be an effective
method that allows determining the total
effect of adverse factors on the hereditary
apparatus both in a specific individual and
in the studied sample of fish as a whole.
The fish micronucleus test as an express
biotesting method is quite often used by re-
searchers from different countries [18-20].

HSl pE3yNbTaTiB BEICHHS aKBaKyIBTYpH
OCETPOBUX PHO, CIiJl OKPEeMO BUAUTUTH
VIOCKOHAJICHHSI CKJIaqy LITyJHHX parfio-
HiB Ta METO/IiB TOiBIIi 0CETPOBOT MOJIOAI 3
METOIO TIOM SIKIIIEHHSI BILUTHBY CTPECYBaJIb-
HUX YMHHMKIB y TPOIECi 1HTEHCUBHOIO
BHpONTyBaHHs pubd [5—11].

[pioputeTHe 3HAYEHHS IS MOAAITb-
moro €()eKTUBHOTO PO3BHUTKY OCETPIBHH-
[[TBa MAIOTh TAKOX KOMIUIEKCHI TeHETHYHI
JOCITIJDKEHHS. CPOPMOBAHHUX Yy HITYYHHX
YMOBaxX IUIEMIHHHUX TPyl HPEICTaBHU-
KiB Acipenseriformes i3 BHKOpHUCTaHHSIM
JIHK-mapkepiB, OLTKOBUX CHCTEM Ta LHU-
TOr€HETUYHMX IMOKa3HMKIB [12—17]. Oc-
TaHHIM YacoM i3 3aCTOCYBaHHAM MiKpo-
SIEPHOTO TECTy BCTAHOBJIEHO, IO cdop-
MOBaHi B YkpaiHi OkpeMi IIeMiHHI CTaja
aMepHuKaHChKOTO BeclioHoca (Polyodon
spathula), crepnsai Ta cuOIpCHKOTO Oce-
Tpa (Acipenser baerii) XapaKTepU3yIOThCS
BIZITHOCHO HEBHCOKHM piBHEM IUTOTEHe-
TUYHUX NOPYIIEHb. 3arajioM IIe BKazye Ha
CTabUTBHICTh TEHETUYHOTO anapary puo Ta
BiJICYTHICTh 3HAYHOTO €K30TCHHOTO HaBaH-
Ta)XKeHHs Ha TXHIO IMyHHY CHCTEMY 32 IIpH-
WHATHUX YMOB BuponryBanas [12, 16, 17].

OTxe, cepel aKTyalbHUX MpoOIeM
HayKOBOTO 3a0e3IeUeHHs Cy4acHOi akKBa-
KyJBTYpU OCETPOBUX pHO B YKpaiHi MOXK-
Ha Ha3BaTH IIMTOTCHETHYHY OIIIHKY OK-
peMHUX BIKOBHUX IPYI OCHOBHUX 00’€KTIB
TOBapHOTO OCETPIBHUIITBA 3 yPaxXyBaHHAM
TEXHOJIOTTYHUX 0COOIMBOCTEH! IX BUPOIILY-
BaHHS y CHeNU(IYHUX YMOBAX CEpPEIIOBH-
II1a Pi3HUX TOCIOJAAPCTB IHAYCTPiaJbHOIO
TUmy. JIomiabHICTE 3aCTOCYBAaHHS METOJIIB
[IUTOTEHETHYHOTO TECTYyBaHHS HacaMIle-
pen OOrPYHTOBY€EThHCSI HEOOXITHICTIO BUSB-
JICHHS MOXKJIMBOTO BIUIMBY Ha PUO KOMII-
JIEKCY TEHOTOKCHYHWX YHHHHUKIB Pi3HOTO
TIOXOJKEHHSL.

OCKITbKH KPOBOTBOpPHA CHCTEMa pHO
JIy’K€ IyTJIMBa JIO 3MiH CTaHy HABKOJIHIII-
HBOTO CEpENOBHUINA, CaMe MIKPOSICpHHUIA
TEeCT y KIiTHHaX mepudepudHoi KpoBi
MOXe OyTH e(PEKTHBHHM METOIOM, SKHMA
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Nuclear aberrations can be induced not
only by stressful factors that disrupt cell
homeostasis during mitosis but also be
formed naturally during cellular metab-
olism and aging. The literature describes
several factors that can cause the formation
of micronuclei. Therefore, the presence of
micronuclei in the cellular structures of
active tissues can be a reliable tool for as-
sessing the impact of genotoxic agents and
physical environmental factors [21-24].

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

Cytogenetic studies in sturgeon aqua-
culture may be of significant importance
for industrial fish farms created using
warm waste water from power plants. In
the conditions of such enterprises, the cul-
tivation of different age groups of sturgeon
fish is carried out using intensive technol-
ogies with increased exposure to various
stressful situations inherent in industrial
fish farming methods. This primarily char-
acterizes the stage of growing sturgeon
fry, which are not yet sufficiently adapted
to intensive feeding with artificial feeds at
high stocking densities in the limited space
of fish ponds. A specific factor complicat-
ing the conditions for growing sturgeon
fry on the basis of sturgeon farms of this
type is the excessive heat load on the fish
in the summer period. This occurs both
through the use of warm waste water that

a€ 3MOTY BH3HAYaTH CyMapHy Iil0 He-
CHPUSTIMBAX YUHHUKIB HA CHaIKOBUI
armapar K y KOHKpPEeTHOi OCOOWHHM, Tak i
B JOCIHiKyBaHii Bubipmi pud 3aramom.
MikposiiepHUil TeCT Ha pHOax SK eKC-
pec-MeTof 610TeCTyBaHHS JTOCHUThH YacTo
BHKOPUCTOBYETHCS JOCIITHUKAMHU Pi3HUX
kpain [18-20].

Snepni abeparii MOXyTh OyTH THIYKO-
BaHi He JIMIIE CTPeCyBaIbHUMH YMHHUKA-
MH, IO MOPYIITYFOTh TOMEOCTa3 KIITHH i1
9ac MiTo3y, ajne i yTBOPIOBAaTHCS MPUPOJI-
HUM IUISIXOM Y TPoIeci KIITHHHOTO Me-
TaboNi3My Ta CTapiHHA. Y JiTepaTypHHUX
JDKepellaX OMHMCAaHO HU3KY (haKTOpiB, IO
37aTHI BUKJIMKATH YTBOPEHHS MIKposaep.
ToMy HasBHICTh MIKpoOsAep y KIIITHH-
HUX CTPYKTypax aKTHBHUX TKaHHH MOXE
OyTH HaJ[IHHUM THCTPYMEHTOM JUIS OIlIHKA
BIUIMBY T€HOTOKCUYHMX areHTIiB Ta (pi3uu-
HUX YMHHHUKIB HABKOJIUIITHBOTO CEPEIOBH-
ma [21-24].

BUAIVIEHHSA HEBUPIINEHUX
PAHIIIE YACTUH 3ATAJIBHOI
INPOBJIEMU. META POBOTH

IcToTHOTO 3HAYEHHS IIMTOT€HETUYHI
JIOCITIJDKEHHS. B OCETPOBIH aKBaKyJIbTypi
MOXYTh HaOyBaTh AN 1HIYCTpiaJbHUX
PUOHUX TOCIOJAPCTB, CTBOPEHHUX i3 BH-
KOPHCTaHHSAM TEIUIOi CKUIHOI BOIU EHEp-
TeTUYHUX YCTaHOBOK. B yMoBax Takmx
MiAIPUEMCTB BUPOILYBaHHSA Pi3HUX BiKO-
BHX TPYI OCETPOBUX PUO 3MIHCHIOETHCS i3
3aCTOCYBaHHSAM IHTEHCHBHUX TEXHOJOTIH
3a MOCHWJICHOTO BIUTMBY Ha pHO pi3HOMa-
HITHAX CTPECOBHX CHUTYallill, BIACTHBUX
IHAyCTpiaJbHUM METOJaM pPHOHUIITBA.
Hacammepen nuM XapakTepU3yeThCs eTall
BHPOIIYBaHHS OCETPOBOI MOJIOAI, IIe He-
JIOCTAaTHBO AJaNTOBAaHOI JO IHTEHCHBHOL
TONIBJII MITYYHUMH KOPMaMH 32 BHCOKOI
TYCTOTH TOCAJOK B OOMEXEHOMY IIpO-
cropi puOHUIEKHUX OaceitniB. Crienngiv-
HUM YMHHHAKOM, IO YCKJIAIHIOE YMOBH
BHPOIIYBaHHS OCETPOBOi MoJofi Ha 0asi
OCETPOBUX TOCIOIAPCTB IOTO THITY, €
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has passed through the cooling system of
the power generation plant, and as a result
of the additional impact of global warming
processes [4, 25].

At the current stage of sturgeon aqua-
culture development in Ukraine, studies
of cytogenetic indicators of sturgeon in
industrial-type farms were fragmentary
and were devoted, in particular, to assess-
ing the level of cytogenetic anomalies in
Siberian sturgeon individuals during the
formation of broodstocks in floating cag-
es under the natural temperature regime of
the aquatic environment [17].

Insufficient attention has been paid to
comprehensive studies of hybrid forms of
sturgeon fish available in Ukrainian aq-
uaculture, in particular the bester. At the
same time, during 2023-2024, the effect
of feeding the probiotic “Subalin” on the
productive parameters of bester in the first
year of cultivation under conditions of in-
creased heat load was studied. As a result,
an increase in body weight gain was not-
ed in the experimental groups of fish [4].
However, the cytogenetic indicators of
this sturgeon hybrid, grown using a tested
feeding method in specific conditions of
fish ponds using warm waste water from
a power plant with increased thermal load
on the fish, remained unclear.

Therefore, the main goal of our study
in 2025 was to assess the cytogenetic in-
dicators of bester in the first year of culti-
vation under conditions of increased heat
load with the introduction of the probiotic
“Subalin” into the diet.

HaJMipHE TEIUIOBE HAaBaHTA)XCHHS HA Op-
radiam pu6 y niTHi nepiox. Lle BinOy-
BAETHCS K Yepe3 BHKOPHCTAHHS TEILTOL
CKHJTHOT BOJH, 110 TPOJIIUIa Yepe3 CHCTe-
My OXOJIOJDKCHHSI €HEeproreHepyBaIbHOL
YCTaHOBKH, TaK i BHACIiJOK J0JAaTKOBOTO
BILIMBY IMPOIIECIB TIIO0ATBHOTO MOTEILIIH-
Hs [4, 25].

Ha cyugacHOMy erami poO3BHTKY akBa-
KyJIBTYpH OCETpOBUX pHO B YKpaiHi Jo-
CITIKEHHSI IUTOTCHETHYHUX ITOKA3HUKIB
OCEeTPOBUX pUO B YMOBax TOCIHOAAPCTB
IHIAYCTpiaJbHOTO THIY Maidu (parMeH-
TapHUI XapakTep Ta IPHCBIYYBAIHCH
30KpeMa OIlIHIll PIBHSA ITUTOTCHETHYHUX
aHOMaJlid y 0COOMH CHUOIPCHKOTO OceTpa
mig yac (opMyBaHHS IJIEMIHHUX CTaa Y
IUIaBYYHX CaJiKax 3a IPUPOILHOTO TeMIIe-
paTypHOTO peXXKUMY BOJHOTO CEpPEIOBHIIA
[17].

Henmocrarus  yBara  mpuainsuiachk
KOMIUIEKCHUM JTOCITIDKEHHSIM HAasBHUX B
aKBaKyJlIbTypi YKpaiHu riopuaHux (opm
oceTpoBHX pubd, 30kpema Oecrepa. Boa-
Houac, ynponorx 2023-2024 pp. moci-
JDKYBaBCSl BIUIMB 3TOJJOBYBaHHS IMpPOOio-
tka «Cy0aliH» Ha MPOAYKTHUBHI TOKa3-
HUKH OecTepa Ha IIepuIoMy polli BUPOILy-
BaHHS B YMOBaxX ITiJBUIIEHOTO TETJIOBOTO
HaBaHTAXEHHA. B pesynprari BiaMiueHe
30UTBIIICHHS] IPUPOCTIB MacH Tijia y J0-
cnigHux rpynax pu6 [4]. Ilpore, 3amu-
[IMJINCHh HE3 SICOBAHUMHU ITUTOTCHETHYHI
MMOKa3HUKH I[OTO OCETPOBOTO Tibpuaa,
BHPOIIEHOTO 332 BUIIPOOYBAHOTO CIOCOOY
roliBMi y cienu(pivHUX yMOBaX pUOHUIIb-
KuX OacelHiB i3 BUKOPUCTAHHSM TEIUION
CKH/IHOI BOJM EHEPreTHMYHOI yCTaHOBKH
3a MiJBUIIEHOTO TEIIOBOTO HaBaHTaKEH-
Hsl Ha OpraHi3sm puo.

OTXe, OCHOBHOIO METOIO HAIIUX JO-
cmigxeHb y 2025 p. craja omiHka Iu-
TOTCHETUYHHX IIOKa3HHUKIB OecTepa Ha
MepIIOMY POIi BHPOIIYBaHHS B YMOBax
MiIBUIIEHOTO TEIUIOBOTO HABAaHTAKCHHS
i3 BBEJIEHHSIM [0 palioHy IpobioTHKa
«CyGaminy.
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MATERIALS AND METHODS

The study was conducted in 2025 in
the conditions of an industrial-type stur-
geon farm — the limited liability company
“Biosila” established in the territory of the
Kyiv region using warm waste water from
a thermal power plant. The enterprise’s
production cycle uses a combined water
supply system. In the process of growing
sturgeon broodstock and fish seeds in re-
inforced concrete tanks, water is supplied
directly from the warm discharge water
channel of the power plant without the
use of thermoregulation devices. At the
same time, in the experiments of 2025,
during the artificial reproduction of the
sturgeon hybrid, the cultivation of its ju-
veniles to viable stages and at the next
stage of growing fish to an average weight
of 24.21-26.46 g, the water supply of the
fish tanks was carried out using a recircu-
lating aqua system with means of environ-
mental thermoregulation. Instead, at the
final stage of growing the bester seeds to
an average weight of 110.73-128.80 g, af-
ter which biological material was selected
for cytogenetic studies, the water supply to
the tanks was carried out in the absence of
thermoregulation using warm waste water
from the power plant.

The material for the study was a hybrid
form of sturgeon obtained from the recip-
rocal crossing of the bester (Huso huso
Acipenser ruthenus) with the beluga.

Regardless of the cytogenetic studies,
in the spring of 2025, we determined the
main fish productive parameters based
on the results of artificial reproduction of
bester using sturgeon broodstock grown
in the conditions of the “Biosyla” farm’s
tanks [26]. The descendants of these stur-
geon broodstock were subsequently used
for cytogenetic studies. Reproduction of
the sturgeon hybrid and rearing of its fry
to viable stages was carried out in artificial
conditions using common methods of in-
dustrial sturgeon aquaculture [1].

MATEPIAJIM TA METOAN

Hocnimxennsa nposoguiu y 2025 p. B
YMOBax OCETPOBOTO TOCIIONAPCTBA iHIY-
cTpianpHoro THIy — ToBapucTBa 3 00-
MEKEHOI0 BiAmoBimanpHicTIO «biocumay,
cTBOpeHoro Ha tepuropii KuiBchkoi 00-
JAcTi 3 BUKOPUCTAHHSAM TEIUIOT CKHUIHOL
BOJM TEIUIOCHEPTeTUYHOI YCTAHOBKU. Y
BUPOOHMYOMY IIHMKIII MiAMPHEMCTBA BH-
KOPHCTOBYETBCSL KOMOIHOBaHa cUCTEMa
BOJIONOCTa4YaHHs. Y TPOIECi BUPOITyBaH-
HS IUTIIHMKIB Ta MOCAJKOBOTO Marepiany
OCeTpOBUX pHUO y 3ami300eTOHHUX Oa-
ceifHaX 3aCTOCOBYETHCS BOJOMOCTaYaHHS
0e3rnocepeIHbO 3 KaHally TeIIoi CKUIHOT
BOJM CIICKTPOCTaHIi 0e3 BHUKOPUCTAHHS
3ac00iB TepMoperyssiii. BogHodac, B exc-
nepuMeHTax 2025 p. mig Yac MITY4HOTO
BIJITBOPEHHST OCETPOBOTO TiOpHIa, BUPO-
IIyBaHHS HOTO MOJIOAI IO YKUTTECTIHKUX
CTaaiii Ta HAa HACTYIHOMY eTali BHUPO-
ulyBaHHs pub 10 cepeaHboi macu 24,21—
26,46 T BOJOTIOCTaYaHHS PHOHUIIBKUX €M-
HOCTEeH 311HCHIOBANIOCH 13 3aCTOCYBaHHIM
PEIMPKYJISIIHHOT aKBACHCTEMH 13 3aco-
Oamu TepMmoperynsnii cepemosuma. Ha-
TOMICTh, Ha 3aBEpIIAIBHOMY €Talli BHUPO-
IIyBaHHS [TOCAKOBOTO MaTtepiary dectepa
1o cepeanboi Macu 110,73—128,80 1, mics
SIKOTO OyJo BimiOpaHo OiojoriyHUN Mare-
piax Ui IMTOTEHETHYHHX JIOCIIHKEHb,
BOJIOTIOCTayaHHA OaceiiHiB Bi0yBaioch 3a
BIJICYTHOCTI TEPMOPETYJISAIIl 3 BHKOpPHUC-
TaHHSM TEIUI0l CKHHOI BOAW CHEPreTHY-
HOI yCTaHOBKH.

Marepianom JijIsl TOCTiKEeHb Oyia Ti-
OpuaHa opMa OCETPOBHUX, OTPUMaHA BiJl
PELMIPOKHOTO  CXpellyBaHHS Oectepa
(Huso huso x Acipenser ruthenus) 3 Oiny-
TOI0.

HezamexxHo Big BUKOHAHHS ITUTOTE-
HETUYHUX JOCIIIKCHb, y BECHIHUU Iie-
pion 2025 p. HaMH BH3HAYEHO OCHOBHI
PUOHHIIBKI TTOKAa3HUKU 33 Pe3yJbTaTaMu
IITYYHOTO BIITBOpEHHsI OecTepa 3 BHKO-
PHCTaHHSM OCETPOBHX ILUTiHUKIB, BHPO-
IICHUX B YMOBax OacelHIB TocroaapcTBa
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After the bester juveniles reached an
average weight of 2.38 g at the end of
May, the hybrid was grown with feeding
with commercial mixed feeds of Western
European production with the additional
introduction of the probiotic preparation
“Subalin” of Ukrainian production de-
veloped on the basis of Bacillus subtilis
bacteria into the diet. In the control ver-
sion of fish farming, the same compound
feed was used without the tested probiotic.
The dosage of “Subalin” for introduction
into the fish diet was selected based on the
manufacturer’s recommendations but with
appropriate adjustments for the purpose of
the aquaculture studies [4, 26].

The survival of different groups of
bester during the study period was deter-
mined by the results of individual account-
ing of the total number of grown fish. The
reproductive performance of the female
bester used in fish farming was determined
by the ratio of the weight of the selected
ovulated eggs to the body weight of the
fish and by the level of embryo develop-
ment at different stages of embryogenesis.
The productive performance of the hybrid
juveniles was assessed based on measure-
ments of the body weight of the fish. Dur-
ing the study, common techniques in ich-
thyology and fish farming were used [27,
28].

Study and assessment of hydrochemi-
cal parameters regarding their compliance
with the requirements of sturgeon aquacul-
ture were carried out according to general-
ly accepted methods described by O. Aly-
okin (1970, 1973) and other authors, com-
paring the obtained data with the regulato-
ry values for fish farms existing in Ukraine
[29-31]. Monitoring of water temperature
and dissolved oxygen concentration was
carried out using an OxyGuard® ther-
mo-oximeter (Polaris C).

To assess the indicators of detected
cytogenetic abnormalities in peripheral
blood cells of the bester, two groups of this

«biocuiay [26]. HamraakiB came 1ux oce-
TPOBUX IUIIHUKIB y MOAANBIIOMY Oyrlo
BUKOPUCTAHO UIS MIPOBEICHHS ITUTOTCHE-
TUYHUX JOCTi/KeHb. BiaTBOpeHHs oce-
TPOBOTO TiOpHIa Ta BHUPOIILYBaHHS HOTO
MOJIOJI 0 KUTTECTIMKUX CTAAIN 3A1HCHIO-
BaJIM Y 3aBOJICBKUX YMOBaX i3 3aCTOCyBaH-
HSIM TIOLIMPEHUX METOJIB iHIyCTpiadbHOL
aKBaKyJIBTypH oceTpoBuX puod [1].

IMicns mocsarHeHHs MoJonmio Oecrepa
HaTPUKIHII TPaBHs cepeaHboi MacH 2,38 T,
BUPOIIyBaHHA ribpua 31iiCHIOBaNN 3 To-
JIBJICEO KOMEPIIIHHIMH KOMOIKOpMaMu 3a-
X1THOEBPOIEICHKOrO BUPOOHUIITBA 13 H0-
JATKOBUM BBEICHHSM JI0 PaIliOHy CTBOpe-
HOTO Ha OCHOBI Oaktepiit Bacillus subtilis
npernapary npooiotuanoi nii «CyOanmiay
YKpaiHCHKOTO BUPOOHUITBA. Y KOHTPOJIb-
HOMY BapiaHTi BHPOIIYBaHHS pUOH OTPH-
MyBaJIi OTHAKOBUH KOMOiKOpM 0e3 BUTIPO-
OyBaHOTO TIpOoOioTHKA. J[03yBaHHS Mperna-
pary «Cy0aiin» Ui BBEJCHHS JI0 pallioHy
pubd obupaiy, CUParYNCh Ha PEKOMEH-
Janii BUpoOHMKA, OHAK 13 BiANOBITHUMHU
KOPUT'YBaHHSIMH IIOZ0 METH PHOHHUIIEKUX
JIOCITiKeHb [4, 26].

BmwxuBanicte pi3HUX Tpyn Oectepa
y Tepiof JOCHiKeHb BU3HAYAIM 3a pe-
3yAbTaTaMH 1HMBITYyaIbHOTO OOJIKY BCi€l
KIJIBKOCTI BUPOIIEHUX pHO. PermponykTus-
Hi TIOKa3HWKH BUKOPHCTAHOI y PUOHUIIH-
KHX poOoTax camuil Oectepa BU3HAYaIH
3a BITHOIIICHHSAM MacH BifiOpaHOl OBYIIBO-
BaHOI iKpU M0 MacH Tina pubu Ta 3a piB-
HEM PO3BUTKY 3apOJIKiB Ha Pi3HHUX CTAIIAX
emOpiorenesy. [IpogyKTHBHI MOKa3HUKU
MOJIOZII TiOpHaa OIIHIOBAIM HA TiACTaBi
BuUMiproBaHb Macu Tina pub. Ilix gac Bu-
KOHaHHS pUOHHIILKHUX JTOCITIDKEHB 3aCTO-
COBYBaJIM MOIIMPEHI B iXTiojorii Ta puo-
HULITBI MeToauku [27, 28].

JlocnipkeHHS Ta OLIHKY TigpoxiMid-
HUX IIOKa3HHUKIB MIOXO X BIAMOBIAHOCTI
BAMOTaM aKBaKyJIBTYypU OCETPOBUX pHUO
MIPOBOIMIIN 32 3aTaJbHONPHUHATAMH Me-
Toqukamu, onucanuMu O. O. AJTBOKIHHM
(1970, 1973) Ta iHIIMMH aBTOpaMH, IO-
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sturgeon hybrid were studied, which have
a common origin and were grown under
identical abiotic environmental factors and
at the same stocking density in the tanks of
the “Biosyla” farm. Selection of bester in-
dividuals for cytogenetic studies at the end
of the entire growing cycle was carried out
randomly in the period from 18.09.2025
from two tanks. In one of them, fish were
grown with the additional introduction of
the probiotic preparation “Subalin” to the
diet in an amount of 0.03% of the weight
of the main feed (experiment), and in the
other (control), the bester was grown with-
out adding this probiotic to the diet. From
each group of fish, 15 individuals of bester
were used for cytogenetic evaluation.
Blood samples from bester juvenile for
cytogenetic studies were taken in a stand-
ard manner from the caudal vein with a
sterile syringe. During all technological
manipulations, the rules of asepsis and an-
tiseptics were followed. In the process of
cytogenetic evaluation of bester juvenile,
a micronucleus test was used based on the
results of counting peripheral blood cells
with abnormalities in the nuclear structure.
The preparations were prepared using the
crushed drop method (two drops of saline
(0.6%) and a drop of blood were applied
to degreased slides). Samples were dried
in the field, fixed with methyl alcohol (30
min) and stained according to the Romano-
vsky method with standard Giemsa stain
(3—4 h). During cytogenetic analysis, the
frequency of micronucleated erythrocytes
(MNE) was determined, the number of
micronucleated lymphocytes (MNL), bi-
nucleated lymphocytes (BL) and apoptosis
were counted in at least 1000 cells. Blood
cell studies were performed using a Pri-
mo Star binocular microscope (Carl Zeiss
Jena) with a magnification of 100x/1.25
with immersion. The obtained values of
cytogenetic abnormalities were expressed
in ppm (%o) [32]. The detected cytogenet-
ic abnormalities were photographed using

PIBHIOIOUH OTpPHMaHi J1aHi 3 HasBHUMH B
VYKkpaiHi HOpMATUBHUMHU 3HAYCHHSAMH TSI
pubOTOCTIONAapPCHKUX IIAMPHEMCTB [29—
31]. KoHTponb HOKa3HUKIB TeMIEpaTypu
BOJIM Ta KOHIICHTpAIIii PO3YHHEHOTO Y BOJI
KHUCHIO 3/IiMCHIOBAIM 3 BHUKOPUCTAHHIM
tepmookcumerpa «OxyGuard®» («Polaris
C»).

Jst OIIHKKM IIOKA3HUKIB BHSBJICHHX
[UTOTCHETUYHUX AHOMAJIi Yy KIITHHAX
nepudepruHoi KpoBi OecTepa OCIIIKY-
BaJIY JIBi TPyNHU IIbOTO OCETPOBOTO TiOpu-
Ia, 0 MaIOTh CIIJIbHE TOXOPKEHHS Ta BU-
polryBajucs 3a iIEHTUYHHX a0iOTHYHHUX
YUHHUKIB CEPEIOBHINA Ta OTHAKOBOI I'yc-
TOTH TOCaJKH B OaceiHax rocriofapcraa
«biocuna». Binbip ocobun Gectepa s
LIUTOTEHETUYHUX JOCHIKeHb HaIIPUKIHII
BCBHOTO ITUKITYy BUPOIITYBAaHHS 311 HCHIOBAJIH
panzomHuo 18.09.2025 p. i3 aBoX OaceiiHiB.
B omHoMy 3 HHX pWO BHPOILYBaJH i3 JIO-
JATKOBUM BBEJICHHSAM JIO PAIliOHy IIpera-
pary nipo6ioTruHoi aii «Cy0amiH» B KiJib-
kocti 0,03% Big Macu OCHOBHOTO KOPMY
(mociix), a B iHIIOMY (KOHTPOJIL) OecTepa
BUpOLIYyBaIN O€3 J0AaBaHHS LLOTO MHPO-
010THKa JI0 paIlioHy. 3 KOXXHOT rpynu pub
UTSL IIUTOTEHETUYHOT OLiIHKH BUKOPHCTAHO
o 15 ocoOuH Gecrepa.

Binbip 3paskiB kpoBi y Mosoai becte-
pa I IMTOTEHETHYHHUX IOCTIKEHB
3MIACHIOBAIM CTAaHAAPTHUM CIIOCOOOM i3
XBOCTOBOi BEHH CTEPHJIBHHM IIITPHUIIOM.
VY mpoueci BUKOHAHHS yCiX TEXHOJOIiY-
HUX MaHIMYJISAMIA JOTPUMYBAIUCH TIPABUIT
ACCTITHKH Ta aHTHCENTHUKU. Y TPOIeCi -
TOTEHETHYHOT OIIIHKHK MOJIO/i OecTepa Bu-
KOPHCTAIIU MIKPOSIZICPHUH TECT 3a Pe3yiib-
TaTaMH¥ MiIpaxyHKy KIITHH repudepruanoi
KpOBi 3 TOPYLICHHAMH CTPYKTYpH SIpa.
[Ipenapatn TOTYBanmW METOOOM pO3IAB-
JeHoi Kparmt (Ha 3HEXHMPEHI NpeaMeTHi
CKeJNbIII HAHOCWIIM JIBI Kparum ¢i3po3yu-
Hy (0,6%) 1 kpamtto KpoBi). 3pa3ku B I0-
JLOBHX YMOBAaX IMiJICYITyBaIH, (BiKCyBaIH
MetunoBuM cruprom (30 xB) Ta ¢apOy-
BalM 3a METOIOM POMaHOBCBHKOTO CTaH-
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a digital camera “Canon” (Powershot G6,
Great Britain). The statistical significance
of differences between groups of fish re-
garding detected cytogenetic abnormali-
ties was assessed using the Student’s t-test
[33].

The processing of hydrochemical and
cytogenetic samples was carried out using
the equipment of the laboratories of eco-
logical and molecular genetic research of
the Institute of Fisheries of the National
Academy of Agrarian Sciences of Ukraine.

During the study, the rules and regula-
tions of bioethics were observed [34, 35].

STUDY RESULTS
AND THEIR DISCUSSION

A comprehensive approach to clari-
fying the impact of certain technological
methods of their cultivation on aquatic
organisms primarily requires an analysis
of the chemical composition of the water
used in the process of reproduction and
cultivation of the studied aquaculture ob-
jects. Therefore, the main chemical param-
eters of the water entering the “Biosyla”
farm tanks from the power plant discharge
channel did not significantly deviate from
the regulatory requirements for sturgeon
farms without the use of recirculating
aqua systems in Ukraine during the entire
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naptHUM GapBHUKOM ['iM3a (3—4 Ton). Iix
9ac IUTOrCHETUYHOTO aHAi3y BU3HAYAIM
4acTOTy BHHHKHCHHS CPUTPOIHUTIB 3 Mi-
kposiapamu (EMSI), migpaxoByBanu Kijb-
KIiCTh JTIM(OIUTIB 3 Mikposapamu (JIM),
nBosnepHux Jimgpouuntis (JJI) Ta anonto-
3iB He MeHmie HiX y 1000 kmituHax. Jlo-
CIIJDKCHHS KIITHH KPOBi NPOBOAWIH 3a
JIOTIOMOTOI0  OITHOKYJISIPHOTO MIKpPOCKOTIa
«Primo Star» («Carl Zeiss Jenay) 31 30111b-
menasM 100x%/1,25 3 imepciero. Otpuma-
Hi 3HAYCHHS IUTOTCHETHYHUX MOPYIICHb
Bupaxanu y rnpomiie (%o) [32]. Bussneni
LIUTOTeHETHYHI aHoMaii ¢oTorpadysanu
3a JIOMOMOTOI0 IH(PpoBOro (oToamapara
«Canony» (Powershot G6, Great Britain).
CTaTUCTHYHY JTOCTOBIPHICTh BIJMIHHOC-
Tell MiX rpynamu pud IIOIO BUSBICHUX
[IUTONEHETUYHUX aHOMAaJiM OLIHIOBAIU 3a
kputepiem Ct’ronenra (t ) [33].

OmnpamtoBaHHs TIAPOXIMIYHUX 1 IUTO-
TeHETUYHUX MPOO MPOBOIMIIN i3 BUKOPHUC-
TaHHAM TIpHIaHOT 06a3m 1abopaTopii eKo-
JIOTIYHUX Ta MOJCKYISIPHO-TCHETHYHUX
JOCITI/DKEHb [HCTHTYTYy PHOHOTO TOCTO-
napcTsa HarioHansHOI akageMii arpapHUX
HayK YKpaiHu.

[Tig yac BUKOHAHHS IOCHIHKEHBb OyIH
JIOTPUMAaHI TpaBHUja 1 HOPMH OlOCTHKH
[34, 35].

PE3YJIIbTATH JOCJIAXEHDb
TA IX OBTOBOPEHHS

KoMmrutekcHu# miaxin momo 3’scyBaH-
HSl BIUIMBY Ha TiApOOIOHTIB MEBHHUX TEX-
HOJIOTIYHUX TPHHOMIB X KYJIETHBYBaHHS
Hacamrepen norpelye aHajizy XiMi4HOTO
CKJIagy BOAW, SKa BUKOPHUCTOBYETHCS Yy
mpoIeci BiATBOPEHHS Ta BHPOIIYBaHHS
JOCITIJDKYBAaHUX 00’ €KTIB aKBaKyJIbTypH.
OTxe, OCHOBHI XIMIYHI MOKAa3HUKU BOJIM,
o Haaxomwia y OaceHH rocmomapcTBa
«biocuna» 31 CKUAHOrO KaHaly eHepre-
TUYHOI yCTAHOBKH, BIIPOJIOBX BCHOTO IIE-
piomy JOCTiPKeHb ICTOTHO HE BiJIXWIIS-
JIUCh BiJl YMHHUX B YKpaiHi HOPMATHBHUX
BUMOT JJIS OCETPOBUX TocHoiapcTB 0e3
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study period [26, 31]. The pH did not ex-
ceed 8.3 and was mostly within the range
of 7.8-8.1. Sometimes a slight excess of
the standards was recorded for the per-
manganate oxidation of water (no more
than 18.5 mg O/dm® with a standard value
of up to 15.0 mg O/dm?®). The content of
free ammonia in the water was up to 0.04
mg N/dm?® and was within the regulatory
values. Occasionally, a slight increase in
the concentration of ammonium nitrogen
was noted (up to 0.78-1.16 mg N/dm’,
compared to the existing norm of up to 0.5
mg N/dm?). The maximum content of ni-
trites and nitrates in water was at the level
of 0.07 and 2.21 mg N/dm?, respectively,
which can be considered satisfactory val-
ues. The concentration of mineral phos-
phorus and total iron did not exceed 0.30
mg P/dm® and 1.21 mg Fe/dm?®, which is
close to the regulatory values. The water
had an average level of mineralization
with the sum of ions up to 407.0 mg/dm?
and, according to the classification of
0. Alyokin, belonged to the hydrocar-
bonate class of the calcium group.

During the reproduction of bester in
artificial conditions and the subsequent
growing of its juveniles to viable stag-
es using a recirculating aqua system, the
chemical composition of the water was
typical of fish farming water supply sys-
tems of this type. The content of ammoni-
um nitrogen in water was within the range
0f 0.05-1.02 mg N/dm®. The concentration
of free ammonia did not increase beyond
0.04 mg N/dm’. The content of nitrites
and nitrates in the water, depending on the
operating mode of the recirculation water
purification system, was 0.05-0.10 mg N/
dm? and 2.9-25.0 mg N/dm?, respectively.
The value of the total hardness of water
ranged from 5.4 to 7.0 mg-eq./dm?®. The
concentration of dissolved oxygen in water
was maintained at a level not lower than
6.8-7.0 mg O,/dm’ [26].

Overall, the results of the general hy-

3aCTOCYBaHHS PEIUPKYIIAMIHHUX aKBaCUC-
TeM [26, 31]. Bonneswuii mokasuuk (pH) He
nepeBuIIyBaB 8,3 1 3ae0iIbmoro nepedy-
BaB y Mexax 7,8-8,1. IHoai peectpyBanu
HE3HauHEe TICPEBHUIICHHS HOPMATHBIB 3a
MOKa3HUKOM IE€PMAaHTaHATHOI OKMCHIOBA-
HOCTi Boau (He Ginbrre Hixk 18,5 mr O/am®
3a HOPMaTUBHOI BennyuHU A0 15,0 mr O/
1mm*). BMICT y Bozi BUTBHOTO aMiaKy CTaHO-
BuB 710 0,04 mr N/am® i GyB y Mexkax HOp-
MaTHBHHUX 3HaueHb. 3piJiKa BiAMIYaIn aes-
Ke MiIBUIICHHS KOHIEHTpAIlil aMOHIHHOTO
azoty (1m0 0,78—1,16 mr N/nm® 3a icHyro4oi
HopMmu — 110 0,5 mr N/nm?). Makcumans-
HUH BMICT y BOJII HITPHTIB 1 HITPATIB mepe-
OyBaB Ha piBHi Bianosiaxno 0,07 Ta 2,21 mr
N/nM?, 110 MO’KHA BBa)KaTH 3aJ0BUILHUMH
3HaueHHsAMH. KOHIeHTpallisl MiHepaIbHO-
ro (ocdopy 1 3ararpHOTO 3ali3a He mepe-
Buiysana 0,30 mr P/nm® ta 1,21 mr Fe/
M3, 110 HAaOIMKAETHCS 0 HOPMATHBHHUX
3HaueHb. Boma Mmana cepenHiit piBeHb Mi-
Hepamizalii i3 cymoro #oHiB g0 407,0 mr/
oM, 1 3a knacugikamiero O. O. Anpokina
HaJeXxajia J0 TiApOKapOOHATHOTO KIIACy
IPYIH KaJbLilo.

[Tin gac BiaTBOpEeHHS OecTepa B 3aBOI-
CBbKHX yMOBaX Ta TOAAJBIIOTO0 BUPOIILY-
BaHHSA MOr0 MOJIOMI 10 JKUTTECTIMKUX CTa-
Il 13 BUKOPUCTAHHSAM pELUPKYIALiHHOT
aKBaCUCTEMH XIMIYHHMHA CKJIaJ BOIM OyB
XapaKTepHUM IS PUOHUIIBKHX CHCTEM
BOJIONIOCTAYaHHS IIbOTO THITY. BMicT y Boji
aMOHIMHOro a3oTy nepeOyBaB y Mexax
0,05-1,02 mr N/om®. KonreHTpartist Bijib-
HOTO amiaky He MiJBHIIyBajach 3a MeEXi
0,04 mr N/am®. Bmict y Bomi HITPHTIB i
HITpPATiB, B 3aJIEKHOCTI BiJ] pexXuMy pobo-
TH CHCTEMH OYMINCHHS PEIHUPKYISIIHHOT
BOAH, craHoBUB BiamosigHo 0,05-0,10 mr
N/mm® Ta 2,9-25,0 mr N/am3. Bemnunna
3arajbHOI TBEPAOCTI BOAM KOJIUBAJIACH Y
Mexax 5,4-7,0 mr-exs./nm®. Konmenrpa-
L[i}0 PO3YMHEHOTO Y BOJi KUCHIO MiATPH-
MyBaJld Ha PiBHI HE HUXYe Hixk 6,8—7,0 MT
O,/nv’ [26].

3aranom, pe3yibTaTd 3arajlbHOTO Til-
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drochemical analysis indicate a satisfacto-
ry quality of the environment, which was
suitable for sturgeon aquaculture.

We previously established that in the
tanks with brood sturgeons in the “Bio-
syla” fish farm, an increase in water tem-
perature to 28.5-33.7°C was observed
from July to September 2022-2024. The
recorded values significantly exceeded the
favourable values for sturgeon, which are
usually considered to be a level not higher
than 25-26°C. The indicated periods with
maximum water temperature values were
accompanied by a decrease in the content
of dissolved oxygen in water to 3.5-4.9 mg
Oz/dm3, which is below favorable values
for sturgeon fish [4, 25]. That is, in general,
the aforementioned abiotic environmental
factors could have a negative impact on the
processes of fish development and growth,
in particular on the development of the re-
productive system of sturgeon broodstock
used in the studies during artificial repro-
duction.

Our previously published study showed
that the body weight of an age-13 female
bester selected for reproduction was 22.12
kg. Two age-15 and age-17 beluga males
used for artificial reproduction weighed
31.07 and 42.73 kg, respectively. Despite
the above-mentioned adverse environ-
mental factors, the broodstock used in
conditions of recirculating water supply
demonstrated high reproductive capacity.
The amount of mature eggs obtained was
4.68 kg with a ratio of the weight of the
selected ovulated eggs to the body weight
of the female bester of 21.2%. By the late
gastrula stage, the average embryo devel-
opment rate in the bester eggs divided into
different incubation devices was 96.5%.
The average yield of prelarvae (postem-
bryos) was 89.8%. Bester juveniles were
characterized by high average yield at all
stages of cultivation. After the fish reached
an average weight of 2.07 g, this value
was 72.1% and it increased to 92.8-94.6%

POXIMIYHOTO aHali3y BKa3ylOTh Ha 3a-
JIOBUIbHY SIKICTb CEpelOBHINIA, siKe OyIo
MIPUIATHAM JJIS1 aKBAKYJIBTYPH OCETPOBUX
pud.

Paninre Hamu Oyi0 BCTAaHOBJICHO, IO Y
OaceifHax i3 MIEMIHHUM MaTepiajioM oce-
TpoBHX puO TocmogapcTBa «biocunay y
nepiof 3 TUIHS 10 BepecHs 2022-2024 pp.
CIOCTEpIrajgoch MiJBHINCHHS TeMIIepary-
pu Boau g0 28,5-33,7°C. 3apeecTpoBaHi
3HAYCHHS ICTOTHO MIEPEBHUIYBAIIN CIIPHST-
JIMBI MMOKA3HUKH JIJISI OCETPOBUX PHO, SIKHU-
MH 3a3BUYall NMPUHHATO BBAXKATH DPIBCHb
He Bumie 25-26°C. 3a3HaveHi nepioau 3
MaKCHMaJIFHUMH 3HAYCHHSIMH TEMIIEPaTy-
P BOJM CYIPOBOIKYBAIHCH 3HIDKCHHIM
BMICTY PO3YHMHEHOTO Y BOJII KUCHIO JI0 3,5—
49 mr OZ/I[M3, 10 HIKYE CHPUITIUBUX
BEJIMYUH JUIs oceTpoBuX pud [4, 25]. Too-
TO, 3araJioM 3a3HavyeHi a0l0THYHI YNHHUKHU
Cepe/IOBHIa MOINIA HETaTHBHO BIUTHBATH
Ha MPOIIECH PO3BUTKY 1 pocTy pub, 30kpe-
Ma Ha (POPMYBaHHS PETIPOXYKTUBHOI CHC-
TEMH BUKOPUCTAHUX Y NOCIIKSHHSIX ITi]]
Yac 3aBOJICHKOTO BiTBOPCHHS IUTIIHUKIB
OCETPOBUX pHUO.

VY paHitre omyOiKOBaHHX HAMU Mare-
pianax JociiKeHb PUOHHUIIBKOTO CIHpS-
MyBaHHS TOBIJOMJISIIOCH, IO Maca Tijia
BiZiOpaHOi 3 MeTOI0 BiATBOpeHHS 13-piu-
HOT camuil Oecrepa craHoBmia 22,12 K.
Bukopuctasi s poOiT 31 IITY4YHOTO Bif-
TBOpPEHHS J1Ba camili ouryru 15- Tta 17-piu-
HOTO BiKy Manu Macy BiamosigHo 31,07
ta 42,73 kr. He3Baxkaroun Ha BigMideHi
BUIIIC HECIPHUATINBI YUHHUKH CEPEIo-
BHIIA, BUKOPHUCTAHI ILTITHHKA B YMOBaXx
PELUPKYISIIHHOTO BOJOMOCTAYAHHS TIPO-
JEMOHCTPYBAJIM BHCOKY DPEHpPOIYKTHBHY
3aaTHicTh. KilbKiCTh OTpHUMaHHX 3pLIHX
CTaTeBHUX MPOAYKTIB craHoBHWIA 4,68 K,
3a MOKa3HWKa BiJHOIIEHHS Macu BimiOpa-
HOT OBYJIbOBAHOI iKpH JI0 MacH TiJla CaMH-
ui 6ectepa 21,2%. o cranii mi3HbOi ra-
CTPYJH B PO3AUICHIN Ha pi3HI 1HKYyOaIiiHi
amaparu ikpi Oectepa cepenHiil MOKa3HUK
PO3BUTKY eMOpiOHIB TiepeOyBaB Ha piBHI
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in fish with an average weight of 24.21—
26.46 g. In the conditions of a recirculating
aquatic system in the experimental feeding
variant with the addition of the probiotic
drug “Subalin” to the fish diet, the final
weight of the bester juvenile exceeded the
control values by an average of 8.0% [26].

At the final stage of the study, from the
first decade of July to the second decade of
September, the cultivation of bester year-
lings occurred in the absence of environ-
mental thermoregulation with water sup-
ply to the tanks directly from the discharge
channel of the power plant. Almost half
of this final period of growing of juvenile
bester, which lasted a total of 77 days, was
characterized by an increase in water tem-
perature to 28.1-31.3°C with an average
value of 30.1°C.

Together with testing the results of in-
troducing the probiotic “Subalin” into the
diet of the bester, the registered significant
increase in the heat load on the fish’s body
was the main reason for conducting cytoge-
netic studies at the end of the entire cycle of
growing the sturgeon hybrid seeds.

The experimental group of fish used
for cytogenetic evaluation grown with the
introduction of the probiotic “Subalin”
into the diet consisted of 15 individuals
of bester weighing 107-151 g (average
128.8043.42 g, Cv=10.29%). In the con-
trol group of fish grown without the intro-
duction of the tested probiotic into the diet,
15 specimens of bester with a body weight
of 93-132 g (average 110.73+2.86 g,
Cv=9.99%) were also used for cytogenetic
studies. The fish hatch rate at this stage of
rearing in both groups was 100%.

To assess the impact of the complex of
environmental factors on the genetic appa-
ratus of the two studied groups of bester
juvenile, a micronucleus test and analysis
of the frequency of apoptosis in peripher-
al blood cells of fish were performed. The
results of the cytogenetic studies showed
that the nuclear erythrocytes in the blood

96,5%. CepenHiii BUXiI TNePeTMINHOK
(moctemOpioniB) craHoBuB 89,8%. Bu-
COKHMH CEpeIHIMU NMOKA3HUKAMU BUXOIY
XapaKTepu3yBanach MOJOAb OecTepa Ha
BCIX eramax BUpoOINyBaHHA. [licis Jo-
CsiTHEeHHs pubamu cepeanboi macu 2,07 T
e mokasHuK craHoBuB 72,1%, a y pud
i3 cepenHbor0 Macoro 24,21-26,46 T BiH
migBUILyBaBcs 10 92,8-94,6%. B ymoBax
PELUPKYISIIHHOI aKBACUCTEMH Y TOCTI]I-
HOMY BapiaHTi TOMIBJI 13 IOJaBaHHAM [0
pauioHy pub npenapary IpoOioTHYHOT Aii
«Cy0anin» KiHIIeBa Maca MOJIONi Oecrepa
MEPEBUIyBaTa MOKA3HUKH Y KOHTPONi B
cepenHbomy Ha 8,0% [26].

Ha 3axmouHoMy ertami JIOCIHDKEHb, Y
Tepioxn 3 MepIroi MeKaay JHITHS 0 JPyToi
JIEKaJT BEPECHS, BUPOIILYBaHHS IIbOTOJITOK
Oectepa BiZIOyBaIOCh 3a BIJICYTHOCTI TEPMO-
perymsiLii cepeIOBHUIIA i3 BOAONOCTaYaHHIM
OaceliHiB Oe3MOCepe/IHRO 31 CKHUIHOTO Ka-
HaJly eHepPreTHYHOI ycTaHOBKU. Maibke mo-
JIOBHHA ITHOTO 3aBEPIIALHOTO TEPiONy BH-
polIyBaHHS MOJIONI OecTepa, KU 3arajaoM
TpuBaB 77 1m0, XapakTepu3yBaJlach ITiJ[BU-
LIeHHAM TemIieparypu Boau 1o 28,1-31,3°C
3a cepeqaporo 3HaveHHs 30,1°C.

TecTyBaHHSI pe3ylbTaTiB BBEJICHHS 10
pariony Oectepa npobiotnka «CyOaiiny
pa3oM i3 3apeecTpOBaHUM 1CTOTHUM IIiJI-
BUIICHHSM TEIUIOBOTO HABAHTAKCHHS Ha
oprasizm pu6 Oyl OCHOBHOIO MiJICTaBOIO
IUTSL TIPOBEICHHS ITUTOTCHETHIHHUX JOCITi-
JOKEHb HAMIPUKIHII BCHOTO UKITY BUPOIILY-
BaHHS TI0CAIKOBOTO MaTepiajly 0CeTpOBO-
ro ribpuaa.

Bukopucrana s OATOT€HETHUYHOI
OILIIHKK JIOCIIi/IHA Tpymna pud, BUpOIIEHa i3
BBEJICHHSIM JIO paiioHy npodiotuka «Cyba-
TiH», CKJIaanack i3 15 ocodun bectepa ma-
coro 107151 r (B cepenapomy 128,80+3,42
L, Cv=10,29%). Y xoHTpONBHI} Ipymi puo,
BUPOIIICHI 03 BBEICHHS JI0 PAIliOHy BU-
npoOyBaHOTO MpPOOIOTHKA, IS IUTOre-
HETUYHHX JOCTI/UKCHb TEK BHUKOPHCTAHO
15 ex3. 6ecrepa 3 macoro Tina 93-132 r (B
cepenapomMy 110,73£2,86 1, Cv=9,99%).
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cells of the bester were oval in shape with
dense clearly defined nuclei (Fig. 1). This
made it possible to easily differentiate
them from lymphocytes and count each
type of micronucleated cell separately.

It is known that the development of
micronuclei in the cytoplasm of erythro-
cytes is induced by clastogenic and aneu-
genic genotoxic agents. Accordingly, an
increased frequency of cells with micro-
nuclei is a biomarker of genotoxic effects
that may arise as a result of the combined
action of these mutagens [36]. In our opin-
ion, in some of the examined individuals
of the bester, micronuclei developed un-
der the action of clastogenic agents were
detected, as indicated by their relatively
small size (Fig. 2).

PiBeHp Buxoay pub Ha IIbOMY €Tari BUPO-
IIyBaHHA B 000X rpymnax ctaHoBus 100%.
Jlns OLIHKM BIUIMBY KOMIUIEKCY €KO-
JIOT1YHUX YUHHUKIB CEpPEIOBUILA Ha TeHe-
THUYHHH anapar JBOX JOCIiKyBaHUX TPyl
Mojoni Oectepa OyI0 BUKOHAHO MiKpOsi-
JepHUIl TecT Ta aHaNi3 YaCTOTH AaroNToO-
3y B KJIITHHAaX NepU(epHIHOi KPoBi puO.
Pe3ynsTatn MpoBEeAEHUX IUTOTCHETHIHUX
JOCTIKEHb IIOKas3ald, L0 B KIITHHAX
KpOBi OecTepa sJiepHI €pUTPOLUTH OyiH
OBaJIbHOI (JOPMU 31 IIINBHUMM, HiTKO BU-
paxeanmu sigpamu (puc. 1). Ile maBamo
MOXJIUBICTb JIETKO iX IU(EpPEHIIIOBATU 3
JTiMQpOIUTAMH Ta TiJIPaXOBYBaTH KOXKCH
THUI KJIITHH 3 MIKPOSAPAMU OKPEMO.
Bimomo, mo ¢dopmyBaHHS MiKposiIep
B IUTOIUIa3Mi EPHUTPOLUTIB iHAYKYIOThH

.«"—r
o ®
o'

Fig. 1. Normal erythrocytes of bester (© Glushko, Yu.)

The previously cited literature data in-
dicates that this phenomenon may occur
as a result of damage to the primary DNA
structure in chromosomes. This leads to
the development of acentric chromosome
fragments, which subsequently form ac-
companying micronuclei in the cytoplasm
of the cell. These nuclei are much small-
er in size compared to the main nucle-
us, which is noticeable in the photo (see
Fig. 2).

It should be noted that in the erythro-
cytes of both studied bester groups, isolat-
ed cases of the development of binucleated
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KJIACTOTE€HHI Ta aHEYIeHHI T'€HOTOKCHYHI
aredTd. BiamoBimHO, MiABHINEHA YacTo-
Ta KJIITHH 3 MiKposapaMu € GioMapkepoM
TCHOTOKCHYHHUX €(EeKTiB, Ki MOXYTh BH-
HUKATH B PE3yJIbTaTi CyMapHOI Jil IUX My-
TareHiB [36]. Ha Hamnry qymKy, B OKpeMHUX
i3 oOcTexXeHUX 0COOMH OecTepa BUSIBICHI
MiKposiipa c()OpMOBaHi IiJI i€l KIacTo-
TeHHMX arcHTIiB, Ha M0 BKA3yIOTh IX BiJ-
HOCHO HEBEJHKi po3Mipu (puc. 2).

VY nonepeaHs0 HABECHUX JIiTepaTypHUX
AHUX 3a3HAYa€THCA, IO I SBUINE MOXKE
BiI0yBaTHCs BHACTIIIOK MOIIKOKEHHS Tep-
BunHOI cTpykTypu JJHK B xpomocomax. Le

SELECTION, GENETICS AND BIOTECHNOLOGY



YU. GLUSHKO, O. TRETIAK, YU. ONYSHCHUK, O. KOLOS

—

.

Fig. 2. Erythrocyte with a micronucleus (© Glushko, Yu.)

erythrocytes were observed (Fig. 3).
According to other researchers, it is
known that the mechanism of develop-
ment of cells with micronuclei can differ
significantly in different cell populations.
The white blood cells of sturgeons are
lymphoid in nature [37]. Therefore, for a
comprehensive assessment of the destabi-
lization level of the chromosomal appara-
tus of these fish, in addition to disorders
in erythrocytes, we took into account the
count of abnormal lymphocytes. The pro-
cess of micronucleus development in lym-
phocytes is complex in nature. On the one
hand, this may be the result of chromo-
somal aberrations and chromosome lag-
ging during mitotic division, on the other
hand, it may be the result of spindle dis-

=

NPU3BOAUTE 10 YTBOPEHHS AaIleHTPUYHHX
(parMeHTIB XpOMOCOM, SKi B MONAIBIIOMY
(OpMyYIOTh CYIyTHI MIKpOSiIpa B IMTOI-
nmasmi ximituan. Li sopa OyBaroTe 3HAYHO
MEHIIIOT0 PO3MIpy MOPIBHSHO 3 OCHOBHUM
SIIPOM, IO TTIOMITHO Ha oto (puc. 2).

Crmin 3a3HAYMTH, IO B CPUTPOLUTAX
000X JOCIiKYBaHHX Tpyn OecTepa CIio-
cTepirajiv MoOAWHOKI BUTIAJAKH (OPMYBaH-
HS1 IBOSIICPHUX €PUTPOLHUTIB (puc. 3).

3 maHuX IHIIKHX JOCIIIHUKIB BIZIOMO,
IO MEXaHi3M YTBOPECHHS KIITHH 13 Mi-
KpOsAJpaMHi MOXKE iCTOTHO BiJIpi3HATHCS
B pI3HUX KITHHHUAX momyssmisx. Kimi-
THHU 01101 KpPOBI OCETPOBUX pUO MAroTh
nmimdoinauit xapakrep [37]. Tomy mms
KOMIUIEKCHOI OIlIHKM piBHA JecTabifi-
3amii XpOMOCOMHOTO amapary Iux puo,

Fig. 3. Erythrocytes with two nuclei (© Glushko, Yu.)
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ruption and multipolar mitoses [38]. Lym-
phocytes, as cells of the immune system,
belong to the agranulocyte group of leu-
kocytes, which provide humoral and cel-
lular immunity and regulate the activity of
other types of cells. Lymphocytes, unlike
other shaped blood cells, such as erythro-
cytes, can divide in various lymphoid or-
gans — thymus, spleen, lymphatic organ,
etc. [39]. This gave us the opportunity to
more objectively assess the impact of the
growing conditions of two groups of bester
juvenile on the background of the use of
the probiotic preparation “Subalin” in the
feeding of one of the groups of the hybrid.
The nucleus initially forms a lobe, which
exfoliates, forming a micronucleus in the
cell’s cytoplasm (Fig. 4a).

The count of binuclear lymphocytes
was also taken into account (Fig. 4b). This
phenomenon in bester peripheral blood
cells reflects a disturbance in the final stage
of mitotic division — cytokinesis. It should
be noted that the development of micronu-
clei may be due to the disruption of various
cellular mechanisms. Increased numbers
of cells with micronuclei are a biomark-
er of genotoxic effects that can occur as a
result of exposure to both clastogenic and
aneugenic agents [40].

At the same time, in addition to the mi-
cronucleus test, our studies also included a
comparative analysis of the number of ap-

OKpIM TIOpPYIIEHb B EPUTPOIHTAX, HAMH
OyJ0 BpaxoBaHO KiJIBKICTh aHOMAaJbHHX
nmimponutiB. [Iporiec yTBOpeHHS MiKposi-
Jiep B JiMpoIuTax Mae CKIaaHy MPUPOY.
3 ogHOTO OOKY, IIe MOXKE OyTH pe3yybTar
XpOMOCOMHUX alepaniii 1 BiJCTaBaHHA
XPOMOCOM B IPOIIECi MITOTHYHOTO MO,
3 iHIIOro OOKy — pe3yabTaT MOPYIICHHS
BepeTeHa MOy Ta 0araTonoJrCHUX Mi-
T03iB [38]. JlimMmponuTH, K KIITHHU IMYyH-
HOI CHCTEMM, HAaJIe)KaTh J0 JICHKOIMTIB
TPYIHU arpaHyloLMUTIB, SKi 3a0€3MeUyIOTh
TYMOpPQJIBHUH Ta KIITHHHUH IMYHITET,
PETYNIOI0Th  AIAABHICTh KIITHH 1HIIMX
tumiB. JliMmonuTH, Ha BiAMIHY Bin IH-
mux (GopMeHUX Tillelb KPOBi, HAPUKIIA,
CPHUTPOLIUTIB, MOXKYTh JIUTUTHCS B Pi3HUX
niMpOITHUX OpraHax — TUMYCi, CeNe3iHI,
nmimMdarnaHoMy oprasi Toio [39]. Le gano
HaM MOXJIUBICTE OO’ €KTUBHIIIE OI[IHU-
TH BIUTUB YMOB BHPOIIYBAaHHS IBOX TPYI
Monofi Oectepa Ha (hoHI 3acTOCyBaHHA
npernapary rnpobdiotuanoi aii «Cybaminy y
ronieii ofHiel 3 rpyn ribpuna. SAnpo cmo-
4arky GopMye JIonarh, SKa BiIIapOBYETh-
Cs1, YTBOPIOIOUU MIKPOSIPO B IUTOILIA3MI
KITITHHH (pUC. 4a).

Tako BpaxXOBYBaJIM KINBKICTh JBOS-
nepHuX JiMdoruTie (puc. 40). e sBurme
y KIIiTHHaxX nepudeprdHoi Kposi bectepa
BiJIoOpakae TMOPYIICHHS B TPOXOKCHHI
KIHIIEBO1 CTajii MITOTHYHOTO MOy —
nuTokiHe3y. Ciil 3BepHYTH yBary Ha Te,

Fig. 4. Lymphocytes: (a) lymphocyte with micronucleus, (b) binucleate lympho-

cyte (© Glushko, Yu.)
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optosis, one of the main functions of which
is the destruction of defective (damaged,
mutant) cells. In the fish body, apoptosis
plays an extremely important role in main-
taining cellular homeostasis and ensuring
the development and functioning of the
immune system (Fig. 5).

Due to the increased influence of exter-
nal factors on the environment for growing
juvenile bester in conditions of increased
thermal stress, the micronucleus test was
used as an integral indicator of destabili-
zation of the chromosomal apparatus of
fish, which reflects the total effect of en-
dogenous and exogenous factors on the
hereditary apparatus. According to the re-
sults of the studies, no bester individuals
were identified that would be characterized
by high values of micronucleated erythro-

——y

.

1

o (GopMyBaHHS MIKpOsiep MOXe OyTH
3yMOBJICHO MOPYIICHHSM Pi3HUX KIITHH-
HUX MexaHi3miB. [ligBuineHa KiIbKiCTb
KJIITHH 13 MIKpOsSApaMH € 6i0MapKepoM Tre-
HOTOKCHYHMX €(EKTiB, 5IKi MOXXYTh BUHH-
KaTW BHACTIJIOK BIUIMBY SIK KJIACTOTCHHHUX,
TaK i aHeyreHHUX areHTiB [40].

Boxnowac, kpiM MIKpOsSAEPHOTO TEeCTy
B HAIIUX JOCTIKCHHAX OyB 3iHCHCHHMA
MOPIBHAJBHUN aHANi3 KiJIbKOCTI amomTo-
31B, OJIHIEI0 3 OCHOBHHUX (DYHKIIIH SKUX €
3HUIIEHHS Je(EKTHUX (MOUIKOHKEHHUX,
MyTaHTHUX) KJIITHH. B opraniami pud
aronTo3 BiAIrpae HaJA3BHYAHO BAXKIUBY
poONb y MIATPUMAaHHI KJIITHHHOTO TOMe-
ocTazy i 3a0e3MeueHH] pO3BUTKY Ta (yHK-
[IOHYBaHHsI IMyHHOT CHCTEMH (pHC. 5).

VY 3B’A3Ky 31 301IBIICHHSM BIUTHBY 30B-
HIITHIX YAHHUKIB Ha CEPEIOBHUIIIE BUPOIITY-

v
4

s

Fig. 5. Apoptosis in a bester from the control group of fish (© Glushko, Yu.)

cytes (MNE), micronucleated lympho-
cytes (MNL), and binuclear lymphocytes
(BL) at the individual level (Table)

Based on the calculation of the indi-
vidual level of cytogenetic indicators,
the average values for each bester group
were established, which are shown in Fig.
6. However, despite the fact that both
groups of besters were kept under iden-
tical conditions, intergroup differences
were found.

The results of the micronucleus test
of the experimental and control groups

BaHHS MoOJIoni OecTtepa B yMOBax IiABHUIIIE-
HOTO TETUIOBOTO HABaHTa>KEHHS, MiKposiAep-
HUH TecT OYB BUKOPUCTAHUIA SIK IHTErpaib-
HUIA TIOKa3HUK JecTadii3amii XxpoMOCOMHO-
ro anapary pu0, sikuii BinoOpaskae cymapHy
IO €HIOr€HHUX Ta €K30I€HHUX YMHHUKIB
HAa CHAJIKOBHI amapar. 3a pe3ylsrataMu J10-
CJTIJKEHbB, HE BHSBIICHO 0COOHH OecTepa, siKi
0 XapaKTepH3yBaICh BUCOKHUMH 3HAYCHHS-
MU epuTpoIMTIB 13 Mikposiapamu (EMSI),
nimdouutis 13 Mikposiapamu (JIMA) Ta nBo-
sinepHuX JtimdormTtie (J1JT) Ha iHAUBITyaTb-
HOMY piBHI (TaONHIIS).
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Table. Cytogenetic parameters in peripheral blood cells of bester juveniles, %o

MNE MNL BL Apoptosis

No (::::::tr: control e:;enr;' control e:reft" control er);;:zrtl- control

1 5 4 1 2 3 3 3 3

2 4 3 1 1 2 3 3 2

3 4 4 1 2 3 4 2 4

4 3 3 0 1 3 2 3 3

5 4 4 1 2 1 3 2 4

6 4 3 1 3 3 3 4 4

7 5 6 2 1 1 4 3 3

8 4 4 1 1 2 3 3 5

9 5 5 2 1 2 4 3 4

10 4 5 1 1 3 3 4 4

11 6 4 2 2 2 3 3 3

12 4 3 1 1 2 4 3 3

13 5 5 1 2 1 3 4 4

14 5 4 1 1 2 2 3 5

15 4 5 2 2 3 3 4 3
M+m 4.4+0.3 4.1+0.2 1.2+0.2 1.54£0.2 2.0+£0.2 3.1+0.2 3.1+£0.2 3.6+0.2

Note.* The experiment is a group of fish with the introduction of the drug “Subalin” into the diet; the
control is a group of fish grown without the introduction of the drug “Subalin” into the diet.

of bester showed that in both cases the Ha ocHOBI migpaxyHKy IHIWBiIyalb-
fish were characterized by relatively low  HOro piBHS HMTOTEHETUYHUX TMOKA3HHUKIB
values of erythrocytes with micronuclei.  Oys0 BCTAaHOBJICHO CepelHI 3HAUCHHS IS
Comparative analysis showed that the koxHOl rpynu Oectepa, sIKi HaBEIEHO Ha
experimental group of fish demonstrated pucynky 6. IIpote, He3Bakaroun Ha TOU
slightly higher values of erythrocytes with  ¢axt, mo obuasi rpynu 6ectepa yTpumy-
micronuclei (4.4+£0.3%o0) compared to the BamuCh B iIEHTHYHUX yMOBAX, OYJI0 BUSB-
control (4.1+0.3%0). However, these dif- meHO MiXIpynoBi BiAMIiHHOCTI.

o B Bester (experimental group) @ Bester (control group)
Yoo
5.0 4.4

4.5 4.1
4.0 4
3.5+
3.0 4
2.5
2.0

1.5 |
1.0 |
0.5 1
0.0

3.6
31 3.1
2.0
*k

1.5
1.2

EMN LMN DL Apoptos

Fig. 6. Comparative analysis of cytogenetic indicators for two groups of bester
juveniles (LLC “Biosyla”)
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ferences were insignificant and not statis-
tically significant.

According to literature data, in stud-
ies of other sturgeon species, in particular
Russian sturgeon and sterlet, the level of
erythrocytes with micronuclei was on av-
erage 3.2%o and 5.3%o, respectively, which,
according to the authors’ conclusions, indi-
cates a low probability of mutagenesis and
genotoxicity of the fish habitat [41]. At the
same time, some literature sources indicate
that the level of erythrocytes with micro-
nuclei directly depends on the ecological
state of water bodies [19].

According to the results of our studies,
the relative count of erythrocytes with mi-
cronuclei in the blood of both groups of
besters was within the background refer-
ence values, and a slight increase in this
parameter can be primarily explained by
active erythropoiesis in besters juveniles,
which were characterized by a high growth
rate. This phenomenon can also be partially
attributed to an increase in water tempera-
ture beyond favorable values, which could
have caused a stress reaction in fish. This
assumption is supported by well-known
data that nuclear aberrations (micronuclei)
can be induced not only by stressful factors
that disrupt cellular homeostasis during
mitosis but also be developed naturally in
the process of active cellular metabolism
during active growth and development of
the organism.

No statistically significant intergroup
differences were observed in the count of
lymphocytes with micronuclei. However,
it should be noted that the experimental
group of fish is characterized by lower av-
erage values of the parameter (1.2+0.2%o).

Comparative analysis of the level of bi-
nuclear lymphocytes shows that the bester
experimental group is characterized by
statistically significant lower values of this
cytogenetic abnormality (P<0.01; t =2.8).
This indicates a more stable genetic appa-
ratus of fish fed the probiotic drug “Suba-

3a pe3ynsraTaMu MiKpOSIepHOTO TECTY
JIOCITIIZTHOT Ta KOHTPOJIBHOI Ipyn Oectepa
OyJI0 BCTAHOBJICHO, III0 B 000X BHITaJKaxX
puOHU XapaKTepHu3yBaJIUCs BiTHOCHO HEBHU-
COKHUMH 3HAYCHHSMH CPHUTPOIUTIB 3 Mi-
Kposiipamu. [TopiBHSIBHUN aHaIi3 MOKa-
3aB, 10 JTOCIIHA Tpyma pud IEMOHCTpY-
BaJjia JIeI0 BUIII 3HAUEHHS €PUTPOLIUTIB 3
Mikposimpamu (4,4+0,3%o0) y TOpiBHSHHI 3
koHTposeM (4,1+0,3%o). [Ipote, 11i BigmiH-
HOCTI € HE3HAUHNMH 1 HE MalOTh CTaTHC-
THUYHO JOCTOBIPHOTO 3HAYCHHS.

3rigHO 3 JiTepaTypHUMH JaHUMH, Yy
JOCII/DKEHHSIX — IHIIMX — TPEeACTaBHUKIB
0CEeTpPOBUX pHO, 30KpeMa PYCBKOTO Oce-
Tpa Ta CTEpisiii, PiBEeHb CPUTPOLUTIB i3
MIKpOSJIpaMH B CEPETHHOMY CTAaHOBHB 3,2
Ta 5,3%o BIAMOBIIHO, 110, 32 BUCHOBKAMU
aBTOPIB, CBIIYUTH PO HU3BKY BipOTiJ-
HICTh MyTareHe3y Ta TeHOTOKCHYIHOCTI Ce-
penoBuina ichyBanHs pu6 [41]. BogHouac,
y IESIKHX JIITepaTypHUX JDKepeliaxX 3a3Ha-
Ya€eThCs, MO PiBEHb CPUTPOIIMTIB 3 MIKPO-
sIpaMu Oe3M0CePEIHBO 3aNICKUTh BiJl KO-
JIOTIYHOTO CTaHy BojoiM [19].

3a pe3ynpraTaMy HAIIUX JOCHiKCHb,
BiJTHOCHA KUJTbKICTh EPHTPOIIUTIB 3 MIKpPO-
sIpaMu B KpoBi 000X rpyn Oectepa Oyia
B MeXax (POHOBUX peepEeHTHHX 3HAYCHD,
a He3HAYHE ITiIBUILCHHS IIbOTO TTOKa3HUKA
B IIEpUIy YepPry MOXKHA TOSCHUTH aKTHUB-
HUM EpUTPOIOE30M y Mojoai Oecrepa,
sIKa XapaKTepH3yBaJlach BUCOKIM TEMIIOM
pocrty. Lle sBHUIIE TaKOXK YACTKOBO MOXKHA
MOB’SI3aTH 3 MIABHUIICHHSAM TEMIEpaTypH
BOJIM 33 MEXIi CHPUSITIMBUX BEIUYHUH, IO
MOTJIO BHUKJIMKATH CTPECOBY PEaKIIifo pro.
Take TPUOYIIEHHS ITiITBEPIKYETHCS 3a-
TaJIbHOBIIOMUMH JaHUMH CTOCOBHO TOTO,
mo sepHi abepanii (Mikposapa) MOXyTb
OyTH 1HIyKOBaHI HE JIUIIIEC CTPECYBaIbHH-
MU YAHHHKaMH, [0 MOPYIIYIOTh KIITHH-
HUH TOMeOoCTa3 ITiJ] 9Yac MiTo3y, aje i yTBo-
PIOBATHUCS MPHUPOIHUM IUIIXOM y TPOIIEC]
AKTUBHOTO KIIITHHHOTO METa0oJi3My ITiJT
94ac aKTUBHOTO POCTY i PO3BUTKY OpraHis-

My.
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lin”. The average values of this parameter
in the experimental group of the hybrid
were 2.0+£0.2%o0 versus 3.1£0.2%o in the
control. Since both groups of fish were in
identical rearing conditions, in our opin-
ion, this phenomenon may to some extent
be a consequence of the improvement of
the immune status and increased resistance
of the experimental group of bester to the
action of stressful factors of various nature.

The control group of bester also had
higher values in terms of the number of
apoptosis (3.6£0.2%o), which may be the
result of greater elimination of genetically
defective cells through programmed cell
death.

Therefore, in order to obtain objective
and operational information about the state
of the chromosomal apparatus of stur-
geons, it is advisable to use cytogenetic
indicators based on the micronucleus test
in both erythrocytes and lymphocytes of
the blood of fish. At the same time, it is
necessary to expand research on determin-
ing the impact of external factors complex
with various origins on the ecological state
of water bodies used for the sturgeon ag-
uaculture development under conditions of
increased anthropogenic load.
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3a KIIBKICTIO JTIMQOIUTIB 3 MIKpO-
A]paMi TaKoOX He CIIOCTepirann CTaThc-
TAYHO JIOCTOBIPHHX MIKIPYIIOBUX BiJl-
MiHHOCTeH. [Ipote, ciif 3a3HAYUTH, IO
JIOCITIJIHA Tpymna pud XapakTepu3yBajacs
HIDKYUMHE CEPEIHIMH 3HAUYCHHSIMU TTOKa3-
Huka (1,2+0,2%o).

IlopiBHANBHUN aHaNi3 pIiBHA JBOS-
JIepHUX JIMQOIUTIB IOKa3ye, IO JUIS
JOCHiAHOT Tpynu OecTepa € XapakTep-
HAMH CTAaTUCTHYHO JOCTOBIpHI HIKYI
3HAYEeHHs I[i€] HUTOTEHETHYHOT aHOMaJIii
(P<0,01; t =2,8). Lle Bkazye Ha cTabinb-
HIIMN FeHeTUYHUH anapar puod, 1o pari-
OHY SKMX BBOJHIIU MPOOIOTUIHHH ITpera-
pat «Cy6aniny. CepenHi 3HaUE€HHS I[bOTO
MMOKa3HWKa B JOCHIAHIN rpymi Tribpuna
cranoBwn 2,0+£0,2%o0 mpotu 3,140,2%o
y koHTpouti. OCKITbKH OOUABI Tpynu pud
nepedyBaJid B iJEHTUYHHX YMOBax BH-
pouIyBaHHS, Ha Hally IyMKY, L€ SIBHIIE
MEBHOIO MIipOI0 MOXe OyTH HAacIiIKoM
MOKpAIeHHs IMyHHOTO CTaTyCy Ta ITiIBU-
IIEHHS] PE3UCTEHTHOCTI JOCTiTHOT IPyu
Oectepa 1o i cTpecyBajJbHUX YHHHHKIB
pi3HOI IpHUPOIH.

3a KUIBKICTIO aIlONTO3iB BHUIAMH
3HAUYEHHSIMH XapaKTepHu3yBajacs TaKokK
KOHTpOJbHA Tpyna 6ectepa (3,6+0,2%o),
oo MoXxe OyTH pe3ynbTraroM Oinbluoi
eliMiHaIil TeHeTHYHO Ae(EeKTHUX KIli-
THH IUJIIXOM IPOrPaMOBaHOi KIITHHHOL
3aru0ei.

OTxe, 3 METOI0 OTPUMaHHA 00’ €KTHB-
HOT 1 orepaTtuBHOT iHPOPMAITiT OO CTaHY
XPOMOCOMHOI'O anapaTry OCETPOBHX puUO
JOLITEHO BUKOPHCTOBYBATH IUTOTCHETHY-
Hi TOKAa3HHKH HAa OCHOB1 MiKpOSIEPHOTO
TECTY K B EPUTPOIUTAX, TaK JIMPOIUTAX
KpoBi pub. BomHowac, HeoOXigHO pO3-
IIMPUTH JOCIIIPKCHHS ION0 BU3HAYCHHS
BIUIMBY KOMIUIEKCY 30BHIIIHIX YMHHHKIB
PI3HOTO IMOXO/KSHHS Ha €KOJIOT1YHUH CTaH
BOJHUX 00’€KTiB, 1[0 BUKOPHCTOBYIOThCS
IUIL PO3BUTKY aKBaKYJIBTypH OCETPOBHX
puO B yMOBax MOCHJIEHOTO aHTPOIIOT€HHO-
TO HaBaHTA)KECHHS.
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CONCLUSION AND
PERSPECTIVES OF FURTHER
DEVELOPMENT

For the first time, cytogenetic indicators
of age-0+ hybrid sturgeon bester grown in
specific conditions of the industrial-type
sturgeon farm tanks of “Biosila LLC” us-
ing warm waste water from a power plant
were assessed.

The bester juveniles used for the eval-
uation of cytogenetic indicators are the
descendants of breeders, the cultivation
of which took place under periodic sig-
nificant excess of the normative values
of water temperature. At the same time,
it was established that the increased heat
load on the organism of broodstock during
certain periods of the developmemt of the
reproductive system of fish did not cause
a noticeable negative impact on reproduc-
tive performance. The ratio of the weight
for the selected ovulated eggs to the body
weight of the female bester used for the
purpose of artificial reproduction was
21.2% with an average rate of post-embryo
release from incubation devices of 89.8%,
which are high values.

High growth and yield rates at all stag-
es of cultivation in tanks were demonstrat-
ed by the bester juveniles used for cytoge-
netic studies with a final average body
weight of 110.7-128.8 g. The hydrochem-
ical parameters of the environment of the
tanks with hybrid juveniles were suitable
for growing sturgeons, slightly exceeding
the existing regulatory values. At the final
stage of the study, during 33 days of obser-
vations, the water temperature increased to
28.1-31.3°C (on average 30.1°C), which
significantly exceeds the recommended
values for sturgeons (no more than 25—
26°C).

The introduction of the probiotic prepa-
ration “Subalin” into the diet of bester
juveniles in the amount of 0.03% of the
weight of the main feed had a positive ef-
fect on the growth and viability of the fish.

BUCHOBKM TA NEPCIEKTHUBH
MNHOAAJIBIIOIO PO3BUTKY

Brepie 31ilicCHEHO OIIHKY IUTOTEHE-
TUYHUX TOKa3HHKIB IBOTOJIITOK TiOpuaa
OoCeTpoBUX OecTepa, BHPOIICHUX Y CIie-
uupiyHUX yMoBax OacelHiB 0ceTpoBO-
ro TOCHOAAPCTBA 1HIYCTPIaAIbHOTO THITY
TOB «biocunay i3 BAKOPUCTaHHAM TEIIO1
CKUJHOI BOJI EHEPreTUYHOI YCTaHOBKHU.

BukopucTana mis OIIHKH IATOTCHE-
THYHHX ITOKa3HUKIB MOJIOJH OecTepa € Ha-
[IaJIKaMU TUTIIHAKIB, BUPOILIYBAHHS SKUX
BiIOyBaJIOCS 32 TEPIOIUYHOTO 3HAYHOTO
MEPEBUIICHHS HOPMATUBHUX 3HAYCHD TEM-
neparypu Bogu. BomHouac, ycTaHOBIEHO,
IO IiJBUIICHE TEIJIOBE HABAHTAKCHHS
Ha OpraHi3M IUTiIHAKIB B OKpeMi mepioau
(GbopMyBaHHS BiJTBOPIOBAIBHOI CHCTEMU
pub HEe CIPHYHHHIIO TTOMITHOTO HETaTHB-
HOT'O BIUIUBY Ha PENPOAYKTHBHI MOKa3HU-
KkH. BijHOIIEHHs MacH BifiOpaHOT OBYIIBO-
BaHOI iIKpH IO MacH Tijia y BUKOPUCTAHOT 3
METOI0 3aBOJICHKOTO BiJITBOPCHHS CaMMIIi
Oecrepa cranoBuio 21,2% 3a cepenHbOro
MMOKa3HUKA BUXOAY TTOCTEMOPIOHIB 3 1HKY-
OauiliHuX amapariB Ha piBHI 89,8%, 10 €
BHUCOKHMH 3HAYCHHSIMH.

Bucoki mokazHUKM POCTYy 1 BHUXOMY
Ha BCIX eTamax BHpPOIyBaHHS B Oaceii-
HaX JIEMOHCTpYBalla BHKOPHCTaHA JUIs
UTOTCHETHYHUX  JTOCII/DKEHb  MOJIOIb
Oecrepa 3a KiHIIEBOi cepelHbOI MacH Tina
110,7-128,8 1. T'igpoxiMiyHi TOKa3HUKH
cepenoBuila 6aceiHiB 3 MOJIOAIIO ribpuaa
Oynu IPUIATHIMH TSI BUPOIITYBAaHHS OCe-
TPOBUX pHO 332 HE3HAYHOTO MEPEBUIICHHS
YMHHIX HOPMAaTHBHUX 3Ha4ueHb. Ha 3aBep-
[IAJTBHOMY €Talli JOCHIKEHb YIPOIOBK
33 116 cnocTepexeHb BiOyBaIOCH ITiIBH-
eHHs TemMIieparypu Boau no 28,1-31,3°C
(B cepenmapomy 30,1°C), 10 iCTOTHO TIEepe-
BUIIly€ PEKOMEH/IOBaHI 3HAYCHHS IS OCe-
TpoBHX pub (He OubmIe Hik 25-26°C).

Beenenns npenapaty npo6ioTuuHoT Aii
«Cybanin» 10 pariony Moo decrepa B
kinbkocti 0,03% Bij Macu OCHOBHOTO KOP-
MYy TO3UTHBHO BIUIMHYJIO Ha IPHPOCTH Ta
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In general, the results of the assess-
ment of cytogenetic indicators in the ex-
perimental and control groups of bester,
respectively with the addition of the drug
“Subalin” to the diet and without its intro-
duction into the diet, indicate a satisfactory
state of the chromosomal apparatus of the
fish. The relative number of erythrocytes
with micronuclei was characterized by rel-
atively low values with a slight increase to
the level of 4.4+0.3%o in fish of the exper-
imental group. The identified intergroup
differences in this indicator were not sta-
tistically significant. In terms of the count
of lymphocytes with micronuclei, no sta-
tistically significant intergroup differences
were found with low average values both
in the experiment (1.2+0.2%o) and the con-
trol (1.5+£0.2%o). At the same time, a com-
parative analysis of the level of detected
binuclear lymphocytes showed that the
experimental group of bester had statisti-
cally significantly lower values, namely
2.0+0.2%o versus 3.1+0.2%o in the control
(P<0.01; t =2.8). This may indicate a more
stable genetic apparatus and improved im-
mune status of the experimental group of
besters, whose diet was supplemented with
the probiotic drug “Subalin”.

The obtained results generally showed
that in order to form objective information
about the state of the chromosomal appara-
tus of bester juvenile, it is advisable to use
a complex of cytogenetic indicators based
on the micronucleus test in erythrocytes
and lymphocytes of blood cells of this stur-
geon hybrid.

Ultimately, cytogenetic control of the
chromosomal apparatus of aquaculture
facilities should become an integral part
of the genetic examination of sturgeon
breeding resources, since the introduction
of cytogenetic tests into sturgeon breeding
will allow for the rapid detection of signs
and levels of somatic mutagenesis and the
determination of the negative impact of a
complex of adverse factors on the genome
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KHUTTE3NATHICTH PHO.

3aranom, pe3yJabTaTd OI[IHIOBAHHS ITH-
TOT€HETUYHHUX MOKA3HUKIB HOCHIAHOI 1
KOHTpOJBbHOI Ipyn Oectepa, BiIIOBIIHO,
i3 JIomaBaHH]IM [0 paIlioHy Ipernapary
«Cy0anin» Ta 6e3 Horo BBeAEHHS 0 pa-
IIIOHY, BKa3ylOTh Ha 3aJIOBUILHUH CTaH
XpOMOCOMHOTO amapary pub. BimHocHa
KUTBKICTh €PUTPOIINTIB 3 MIKPOSIPAMH Xa-
pakTepu3yBajacs MOPIBHIHO HEBUCOKHMU
3HAYEHHSIMHM 13 HE3HAUYHUM ITiABUIIEHHIM
1o piBHA 4,4+0,3%0 y pub mocmigHoi rpy-
i, BusiBneHi MKTpyTOBi BiZIMIHHOCTI 3a
UM TIOKQ3HMKOM HE MaJIi CTaTUCTUYHO
JIOCTOBIPHOTO 3HA4YeHHs. 3a KUIBKICTIO
JMiMQOIMUTIB 3 MIKpOSApaMH TeX HE BHU-
SIBJICHO CTaTHCTHYHO JOCTOBIPHHX MiX-
IPYNOBUX BiIMIHHOCTEH 3a HHU3BKHX Ce-
penHix 3HaueHb sk y pocmii (1,2+0,2%o),
Tak 1y xoHTponi (1,5+0,2%0). Bognouac,
MOPIBHSJIBHUN aHAJ3 PIBHSA BUSBJICHUX
NBOAJIEPHUX JIM(OLUTIB TMOKa3aB, IO
JIOCITIJIHA Tpyma Oecrtepa CTaTUCTHYHO
JIOCTOBIPHO Malla HYDKYi 3HAYCHHs MOKa3-
Huka, a came 2,0+£0,2%o0 mpotu 3,1+0,2%0
y xourponi (P<0,01; t =2,8). Ile moxe
BKa3yBaTH Ha CTAOUTBHINIANA T€HEeTHYHHHA
arapar Ta MOKpaIlleHHs] IMYHHOTO CTaTycy
JOCITITHOT IpyIH GecTepa, 10 PalioHy Kol
BBOIWIM NpoOioTHyHUH npemapar «Cy0Oa-
JHY.

OTpuMaHi pe3yasTaTH JOCIiIKEHb 3a-
raJloM 3aCBiUWJIM, 110 3 METOK (hopMmy-
BaHHS 00’ ekTUBHOI iH(opMaIlii oo cTa-
HY XPOMOCOMHOTO arapary MoJiofi Oecre-
pa JOLLIHHO BUKOPUCTOBYBATH KOMILICKC
[UTOTCHETHYHUX TOKA3HUKIB Ha OCHOBI
MIKPOSIIEPHOTO TECTY B €PUTPOIMTAX Ta
JTiM@onrTaX KIITHH KPOBI IIBOTO OCETPO-
BOTO Tibpua.

3pemToro, TUTOTeHETHIHUI KOHTPOITh
XPOMOCOMHOTO amapary o0’ €KTiB aKBa-
KYJIBTYpH Ma€ CTAaTH HEBill'€MHOIO YacTH-
HOI0 TeHETHYHOI CKCIePTH3H IUIEMiHHUX
PECYPCIB OCETPOBUX PHO, OCKIIBKH 3aIpo-
Ba/DKCHHS Y IUIEMiHHE OCETPiBHHUIITBO IHU-
TOTCHETHYHHX TECTIB JAAaCTh 3MOTY IIBHI-
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of fish grown using intensive industrial
fish farming technologies. Therefore, cy-
togenetic indicators of somatic mutagene-
sis can serve as operational biomarkers for
monitoring stress load and assessing the
adaptive potential of sturgeon fish in con-
ditions of intensive aquaculture. The use of
such methodological approaches makes it
possible not only to improve technological
schemes for the use of warm waste water
from power plants for the needs of sturgeon
aquaculture, but also to effectively control
the genetic structure and health status of
established breeding sturgeon stocks. As
a result, these opportunities are critically
important for preserving the gene pool of
sturgeon in aquaculture and increasing the
economic efficiency of farms.

In order to more effectively clarify the
patterns of occurrence and level of somat-
ic mutagenesis due to the influence of a
complex of abiotic environmental factors
on the genetic apparatus of sturgeon fish,
it is possible to recommend further expan-
sion of comprehensive ecological studies
aimed at assessing the pecularities of water
pollution by toxicants of various origins
capable of causing genotoxic effects.

Studies into the specifics of using warm
waste water from power generation plants
for fish farming needs, including an assess-
ment of the level of cytogenetic disorders
in the body of sturgeon fish in the general
list of analyzed indicators, may contribute
to the development of technological meth-
ods for sturgeon aquaculture in conditions
of climate change.

KO BHSIBJIATH O3HAKH 1 piBeHb COMAaTHIHO-
r0 MyTareHe3y Ta BU3HAYATH HETaTHBHUI
BIUINB [il KOMIUICKCY HECHPHUSATINBUX
YIMHHUKIB Ha T€HOM PHO, BUPOILIEHUX 3a
IHTCHCHBHUX TEXHOJIOTIH 1HIyCTpiaib-
Horo pubHunTBa. OTXKE, UTOTEHETUYHI
MTOKA3HUKH 32 PIBHEM COMAaTHYHOTO MyTa-
TeHEe3y MOXKYTh CIIyTyBaTH OIIEPATHBHUMHU
OiomMapkepaMu JUISI MOHITOPHHTY CTPECO-
BOT0 HABAaHTa)KCHHS Ta OLIIHKY aJanTalliii-
HOTO ITOTEHITiaTy OCETPOBHX PHO B yMOBaX
IHTEHCHBHOT aKBaKyJIBTYPH. 3aCTOCYBaHHS
TaKMX METOAWMYHUX ITiIXO/IIB JIa€ 3MOTY HE
JIUIIE YAOCKOHAJIHMTU TEXHOJOTIYHI CXe-
MM BUKOPHUCTAHHS TEIUIOI CKHUIHOI BOIH
CHEePreTUYHUX YCTAaHOBOK JUIsi TOTPeO
OCETPOBOI aKBaKyJIBTYPH, ajie i 3IiHCHIO-
BaTl C(EKTUBHHUN KOHTPOJIb T€HETUYHOL
CTPYKTYPH Ta CTaHy 340pOB’s cpopMoBa-
HUX IUIEMIHHUX CTaj OCeTpOBUX puobd. Y
MiJICYMKY, 3a3HaueHi MOXIIUBOCTI € KpH-
TUYHO BKJIMBUMU JUTs 30€PEIKCHHS T€HO-
($OoHIy OCeTpoBHX pUO B aKBaKyJIbTYpi Ta
MiJBUIIEHHS €KOHOMIYHOI €()eKTUBHOCTI
TOCIIONIAPCTB.

3 MeTo0 e(eKTUBHIIMIOTO 3’sCyBaHHS
3aKOHOMIPDHOCTE BWHHKHCHHS Ta pPiB-
HS COMATHYHOTO MyTarcHe3y BHACHIOK
BIUIMBY KOMIUIEKCY aOiOTHYHHMX YHWHHH-
KiB CEpEelOBHINA HA TCHETUYHHIA amapar
OCETPOBUX pPHO MOXXHA PEKOMEHIYBATH
MOAANbIIE PO3MIMPEHHS  KOMIUICKCHUX
JIOCITI/DKEHb  €KOJIOTIYHOTO — XapakTepy,
CIPSIMOBAaHMX Ha OLIHKY OCOOJIMBOCTEH
3a0pyIHECHHS BOJONM TOKCHKAaHTaMH pi3-
HOT'O MMOXO/PKEHHS, 3aTHUMU CIIPHIHHATH
TeHOTOKCHYHHI BILIHB.

JocaikeHHsT 0COOMMBOCTEH  BHKO-
pUCTaHHS TEIIOl CKUAHOI BOOU E€HEPIro-
TeHEPYBAIBHUX YCTaHOBOK IJIsI MOTpPEO
PUOHHUIITBA 13 BKJIFOYESHHSM JIO 3araJIbHOTO
Mepesiky MpoaHalli3oBaHUX TOKA3HUKIB
OIIHKH PiBHS ITUTOT€HETHYHUX MOPYIICHD
B OpraHi3Mi OCETPOBUX PUO MOXE CIpH-
SITA BiJIPAIOBAHHIO TEXHOJIOTIYHHX TIPH-
HOMIB OCETPOBOT aKBaKyJIbTypH B yMOBax
3MiHHU KJIiMaTy.
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