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Purpose. To assess the effect of an ex-
perimental synbiotic supplement added to live
feeds on the growth, survival, and antioxidant
responses of the Russian sturgeon (Acipenser
gueldanstaedtii Brandt & Ratzeburg, 1833).

Methodology. The study was conducted
on juvenile Russian sturgeon divided into two
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Mema. OuyiHumu ennue ekcriepumeHmarib-
HoOi' cuHbiomuyHoi 0obasku, sKowo 3b6azayy-
easiu xuei KopMu, Ha picm, euxueaHicmb ma
aHmuokcudaHmHi peakuii pycbko2o ocempa
(Acipenser gueldanstaedtii Brandt & Ratzeburg,
1833).

Memoduka. [ocniOxeHHs1 nposodunu Ha
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experimental groups and one control group. For
21 days, the fish were fed with Artemia salina
nauplii enriched with an experimental synbio-
tic supplement at concentrations of 15 mg/dm?
and 45 mg/dm? of the enrichment solution. The
growth rate and survival of the juveniles were
assessed. After its completion, the activity of
antioxidant enzymes (catalase and superoxide
dismutase) and the intensity of lipid peroxida-
tion (content of diene conjugates and TBA-
active products) were determined in tissue ho-
mogenates. The fish growing conditions met the
standard values for recirculating aquaculture
systems.

Findings. Enriching Artemia salina with
an experimental synbiotic supplement for 21
days increased survival and dose-dependently
inhibited lipid peroxidation processes in juve-
nile Russian sturgeon. A lower concentration
(15 mg/dm® of enrichment solution) blocked
the formation of primary LPO products, reduc-
ing the content of diene conjugates by 48.8%
(p<0.05), which ensured maximum growth with-
out additional energy expenditure for the acti-
vation of the antioxidant system. Increasing the
concentration to 45 mg/dm? of the enrichment
solution significantly reduced the content of
TBA-reactive products by 57% due to compen-
satory activation of catalase by 91.9% (p<0.05),
making it suitable for use under conditions of
increased risk of oxidative stress.

Originality. This study is the first to evalu-
ate the effect of a new experimental synbiotic on
growth parameters, survival rates, and antioxi-
dant status in juvenile Russian sturgeon.

Practical Value. The results of this study
can serve as a basis for improving technologies
for rearing sturgeon juveniles in aquaculture
systems, which will help increase their viability
and reduce fish mortality during the early stages
of development.

Keywords: sturgeons (Acipenseridae), di-
etary supplements, sturgeon farming, aquacul-
ture, antioxidant defense system, recirculating
aquaculture systems (RAS), growth rate.

monodi pycbkoeo ocempa, sika byna po3adineHa
Ha 08i Q0CriOHi ma OOHY KOHMPOJbHY 2Pyriu.
Bnpodoex 21 0obu pub 2o0ysanu Hayrisgmu
Artemia salina, 36aea4eHuUMU ekcriepuMeHmaris-
Hoto cuHbiomuyHoro 0obagKor y KOHUeHmpauii
156 ma 45 me/0m? 36azadysanbHo20 po3dquHy. [1id
yac ekcriepuMeHmy oujHto8anu memr pocmy ma
suxueaHicme mMorodi. llicrisi ioeo 3a8epuieHHs
Yy MKaHUHHOMY 20MO2eHami eusHa4asnu akmue-
Hicmb aHmMuUoKcudOaHMHUX hepmeHmig (kama-
n1asu ma cynepokcudoucmymasu) U iHmeHcus-
Hicmb NMepoKCUOHO20 OKUCHEHHS sinidie (emicm
OieHosux KoH'loeamie ma TBK-akmueHux rnpo-
Oykmis). Ymosu supowysaHHsi pub eidrnosidanu
HOPMamueHUM 3Ha4YeHHsM Onsi peyupKynsayid-
HUX aKeaKy/ibmypHUX CUCMEM.

Pe3ynbmamu. BcmaHoeneHo, wo 36aza-
yeHHs1 Artemia salina ekcriepumeHmasnbHOK
cuHbiomuy4Hor 0obaskor ernpodosx 21 dobu
nidsuwye suxueaHicmes ma 00303a5eXHO Mpu-
eHiyye npouecu 1OJ1 y monodi pycbko20 oce-
mpa. Huxya koHueHmpauisi (15 me/om* 36a-
2ayysanibHo20 PO34UHY) O/IOKYE YMEOPEHHS
nepsuHHUX npodykmie MOJ1, 3HUXyHU 8micm
dieHosuX KoOH’loeamie Ha 48,8% (p<0,05), wo
3abesneyye makcumarnbHuUl picm 6e3 0odamko-
8UX eHepaosUMpPam Ha akmueauito aHMuUOKCU-
OaHmHoi cucmemu. 36insweHHs1 emicmy 00 45
me/Om? 36azadysanbH020 Po3HUHYy AOCMO8IPHO
3HWKye emicm TBK-akmueHux npodykmie Ha
57% 3a paxyHOK KOMreHcamopHOi akmusa-
uii kamanasu Ha 91,9% (p<0,05), wo pobums
8KasaHy KOHUeHmpauito oyinbHot 0 3acmo-
cyBsaHHs1 8 yMogax nideuuieHo20 pUu3uKy 8UHUK-
HEHHs1 oKcudamueHO20 CMpecy.

Haykoea Hoeu3Ha. Brnepwe 0OocnidxeHo
8riu8 excriepumMeHmarbHoi cuHbiomuy4Hoi do-
basku Ha picm, 8uxueaHiCmb ma aHmMUOKCU-
OaHmHI peaKuii pycbko20 ocempa.

lMpakmu4Ha 3Hayywjicmb. Pesynbmamu
pobomu moxXyme 6ymu nidrpyHmsm Ons 80o-
CKOHallIeHHs mexHos1ozil niopoulyeaHHs1 MoJio-
0i ocemposux 8 PAC, wo do3sonume nidguwju-
mu i Xumme3damHicmb ma 3meHwumu 8ioxio
pubu Ha paHHIX emarnax po3guMKy.

Knro4oeicnoea: ocemposi (Acipenseridae),
bionoz2iyHo akmueHi dobaeKku, ocempigHUYMBO,
akeakyrnbmypa, cucmema aHmuUoKcuOaHMHO20
3axucmy, peuupKynayitHi akeakynbmypHi cuc-
memu (PAC), memn pocmy.
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PROBLEM STATEMENT
AND ANALYSIS OF LAST
ACHIEVEMENTS AND
PUBLICATIONS

Sturgeon aquaculture in Ukraine is one
of the most dynamic and high-tech areas
of modern fish farming. Its development
is extremely important, both from an eco-
nomic point of view and for maintaining
food security and implementing environ-
mental protection programs, in particular
for the restoration of natural populations.
According to the State Agency of Ukraine
for the Development of Land Reclamation,
Fisheries and Food Programs, over 80% of
domestic sturgeon farming is concentrat-
ed in recirculating aquaculture systems
(RAS) [1]. However, intensive breeding
of sturgeon species in such conditions is
often associated with the following risks:
disease outbreaks, digestive tract dysfunc-
tion, reduced digestibility of feed nutri-
ents, and suppression of the body’s general
nonspecific resistance [2—4].

One of the key factors determining the
economic efficiency of sturgeon farming
is ensuring a high level of survival of fish
juveniles in the early stages of ontogene-
sis. It is during this period that the greatest
technological loss was observed, caused
by adaptation to exogenous nutrition, high
intensity of metabolic processes and sensi-
tivity to growing conditions [5-7].

It is known that the morpho-functional
development of the digestive and immune
systems of sturgeons in the early stages
of development occurs gradually. During
this period, the own enzymatic system of
juvenile Russian sturgeon is not yet able
to ensure full hydrolysis of complex feed
components, and the primary intestinal
microbiota is unstable and sensitive to the
influence of any external factors [8, 9].
Therefore, disruption of the processes of
development of normal microbiocenosis
of the digestive tract can lead to metabol-
ic disorders, the development of oxidative

MOCTAHOBKA NMPOBJEMM
TA AHAJII3 OCTAHHIX
JOCJIKEHD T MMYBJIKALII

AKBaKylbTypa OCETPOBHX BHUIIB pUO
B YKpaiHi € OJHMM i3 HaWOUIBII JWHA-
MIYHUX 1 BHCOKOTEXHOJIOTTYHHUX Hampsi-
MiB Cy4acHOTO pHOHHIITBA. 1i PO3BHTOK €
HA/I3BHYAWHO BXKITUBHUM SIK 3 CKOHOMIYHOT
TOYKH 30py, TaK 1 Ui MIATPUMAHHS MPO-
JOBOJIBYO1 OE3MEKN Ta BUKOHAHHS MIPHPO-
JIOOXOPOHHUX MPOTpaM, 30KpeMa 3 BiTHOB-
JICHHS IPUPOIHUX TOMYJIAIIA. 32 TaHUMU
Jlep>kaBHOTO areHTCTBa YKpaiHU 3 PO3-
BUTKY Melliopallii, puOHOro rocroaapcTaa
Ta HporoBOJIbUUX Hporpam, noxan 80%
00CSriB  BITYM3HSHOTO  OCETPIBHHUIITBA
30CepeKEHO B PEHUPKYIIIIHHNX aKBa-
KkyasTypHUX cucremax (RAS) [1]. Onnak,
IHTCHCHUBHE PO3BEJICHHSI OCETPOBHX BH/IIB
pub B TaKMX yMOBaX 4YacTO IOB’s3aHE 3
pPHU3UKAMH BHHUKHEHHS CIIalaxiB 3axBO-
pIOBaHb, MOPYIICHHsS (YHKIIH TpaBHOrO
TPAaKTYy, 3HIDKCHHS 3aCBOIOBAHOCTI MOKUB-
HUX PCYOBUH KOPMY Ta IPUTHIUCHHS 3a-
rajpHOl HecrnenudiuHoi Pe3uCTEHTHOCTI
oprasizmy [2—4].

OnHMM 13 KJIIOYOBMX YWHHHMKIB, IO
BHU3HAYalOTh EKOHOMIYHY €(EeKTHUBHICTb
OCETPIBHHUIITBA € 3a0e3MeYeHHS] BHUCOKO-
TO piBHS 30€pEXKEHOCTI MOJIO/I Ha PaHHIX
ertarmax oHrtoreHedy. Came B Iieil mepion
CIIOCTEPITa€ThCSl HAWOUIBIINNA TEXHOJIO-
TIYHUHN BIIX1JI, CIPUYMHCHUN a/IalTaIli€ero
JI0 €K30I'€HHOTO >KHUBJICHHS, BUCOKOIO iH-
TEHCUBHICTIO OOMIHHHX IPOIIECIB Ta YyT-
JUBICTIO 10 YMOB BUPOIILYyBaHHA [5—7].

Bimomo, 1o MopdodyHKITiOHATHHE
CTAHOBJICHHSI TPABHOI Ta IMYHHOI CHCTEM
OCETPOBHX Ha PaHHIX €Talax PO3BHUTKY
BiJI0OYBa€ThCSI MOCTYHOBO. Y Leil mepiox
BlacHa (pepMEHTAaTHBHA CHCTEMa MOJIOJI
PYCBKOTO OoceTpa Iie He 37arHa 3alesrie-
YUTH TIOBHOIIHHWMA TiAPONI3 CKIAJIHUX
KOMITOHEHTIB KOMOIKOpMiB, a IEpBUHHA
MIKpo0iOoTa KHIIEYHUKA € HEeCTaOUTLHOI
Ta YYTJIUBOIO JI0 BIUTUBY OYyIb-SIKUX 30B-
HINIHIX YUHHEKIB [8, 9]. Tomy, mopymieH-
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stress and a decrease in fish viability [9,
10].

An effective tool for overcoming these
problems in aquaculture is the use of syn-
biotic preparations — synergistic combina-
tions of probiotic strains of microorgan-
isms and prebiotic substrates. The intro-
duction of synbiotics into the diet helps
optimizing the condition of the digestive
tract, increases the absorption rate of nutri-
ents, stimulates the immune response and
reduces stress. This allows for increased
growth rates, improved survival, and min-
imized need for preventive and therapeutic
treatments [10—13].

In the world scientific practice of the
last decade, considerable attention has
been paid to assessing the effectiveness
of synbiotic supplements. Experimental
studies on sturgeons, in particular beluga
(Huso huso Linnaeus, 1758) and Siberian
sturgeon (Acipenser baerii Brandt, 1869),
have shown that the combination of pro-
biotic cultures with prebiotic oligosaccha-
rides (fructooligosaccharides, mannan-ol-
igosaccharides, inulin) or B-glucans acti-
vates the secretion of digestive enzymes,
improves feed conversion and increases
survival [14, 15].

Along with growth indicators, signifi-
cant attention is paid to studying the effect
of synbiotic supplements on the immu-
nophysiological and antioxidant status of
sturgeon. In particular, the use of synbiotic
supplements contributes to the formation
of optimal microbiota of the digestive tract,
inhibits the development of opportunistic
microorganisms and increases the overall
antioxidant potential of the organism [16].

At the same time, most of the available
work highlights the results of using synbi-
otics in the later stages of cultivation. The
influence of such experimental complex-
es on the antioxidant defense system and
growth potential of Russian sturgeon juve-
niles during the most critical period of ear-
ly ontogenesis remains only fragmentarily

Hs TPOIECiB (OpPMYBaHHS HOPMAJIBHOTO
MIKpOOIOIIEHO3y TPABHOTO TPAKTy MOXKE
MIPU3BOAMTH JIO METa0ONIYHUX PO3JIAJIiB,
PO3BUTKY OKCHUIATHBHOTO CTPECY Ta 3HHU-
JKESHHS )KHUTTE3MaTHOCTI pro [9, 10].

EdexTuBHIM 1HCTPYMEHTOM MOAOJIAH-
Hs 3a3HAYCHUX MPOOJIEM B aKBaKyJIBTYpi €
3aCTOCYBaHHS CHHOIOTMYHHUX Ipenaparis
— CHHEpPreTHYHHUX KOMOIHAIii mpobio-
TUYHUX IITaMiB MiKpOOpPraHi3MiB Ta Ipe-
OloTHMYHUX cyOcTpariB. BeeneHHs cuHO10-
THUKIB JI0 CKJIaJy PALiOHY CIPUSE ONTUMI-
3alii CTaHy TPaBHOTO TPAKTY, IiABHIICH-
HIO KoedillieHTa 3aCBOEHHS TOKHUBHHUX
PEUOBHH, CTHUMYJIAIIT IMYHHOI BiAITOBIII
Ta 3HWKEHHIO CTPECOBOTO HaBaHTAXKCH-
Hs. Lle 103BosIsIE 301IBIIUTH TEMITH POCTY,
MiJIBUIIUATH BHOKUBAHICTh Ta MiHIMi3yBaTH
notpedy y 3acTocyBaHHI TPOQiTaKTHY-
HO-JTIKyBaJIbHUX 3ac0o0iB [10-13].

VY CBITOBIM HayKOBil NPaKTHIII OCTaH-
HBOTO JECSTIIITTS MPUAULIETHCS 3HAUYHA
yBara OIIHII e(QEeKTHBHOCTI CHHOIOTHY-
HUX 100aBOK. B ekcriepuMeHTaIbHUX J10-
CJIIJDKCHHSX Ha OCETPOBHX, 30KpemMa OlTy-
31 (Huso huso Linnaeus, 1758) Ta cubip-
cekoMy oceTpi (Acipenser baerii Brandt,
1869), noBeneHo, 10 MOEAHAHHS TPOOI-
OTHYHHX KYJIBTYp 13 TIPEOIOTUIHUMU OJIi-
rocaxapunamu (ppykroonirocaxapunam,
MaHaHOOJIIrocaxapuIamMu, 1HyJIiHOM) abo
B-IiIIOKaHAMU aKTHBY€E CEKPEIiI0 TPAaBHUX
(hepMeHTIB, MOKpAILye KOHBEPCII0 KOPMY
Ta MiABHIIY€ BIOKUBaHICTH [ 14, 15].

[opsin i3 pPOCTOBMMH ITOKAa3HUKAMH,
CyTT€BA yBara MPUIIISETHCS BHUBYCHHIO
BIUIMBY CHHOIOTHYHUX JO0ABOK Ha iMy-
HO(]I310JIOTIYHUN Ta aHTHOKCHJAAHTHHMA
CTaTyC OCETPOBUX. 30KpeMa, BHUKOPH-
CTaHHs CHHOIOTUYHHUX H00aBOK CIpHSE
(hOpMyBaHHIO ONTHMAaJBHOI MIKpOOIOTH
TPaBHOTO TPAKTy, MPHUTHIYYE PO3BUTOK
YMOBHO-TTATOTEHHUX MIKPOOPTaHi3MiB Ta
MIiJIBUIINYE 3arajibHUN aHTHOKCHIAHTHUIM
MOTEHITiaT opraHisMy [16].

Bonnouac, OinbpIIicTs HasiBHUX Ipallb
BUCBITIIOIOTh PE3YIBTAaTH 3aCTOCYBaHHS
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studied, which determines the relevance of
this study.

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

Currently, studies on the use of synbi-
otics in aquaculture in Ukraine remain lim-
ited [17, 18]. Most modern scientific works
are devoted to studying the effectiveness
of monocomponent use of prebiotics or
probiotics, mainly in carp and trout farm-
ing [19, 20]. Regarding sturgeon farming,
the available publications mostly highlight
the results of using purely probiotic strains
[21-24]. Experimental studies of synbiotic
preparations in domestic fish farming are
rare, and their effect on growth, survival,
and physiological and biochemical state of
sturgeon fish juveniles has not been stud-
ied sufficiently.

According to FAO (Food and Agricul-
ture Organization), the use of functional
feed additives, in particular synbiotics, is
considered one of the most promising ar-
eas for increasing the profitability of ag-
uaculture and reducing the industry’s de-
pendence on antibacterial drugs [25].

In this context, an experimental syn-
biotic supplement developed to optimize
productivity, maintain intestinal barrier
function, and increase stress resistance of
sturgeons under conditions of intensive
cultivation in RAS systems is promising.
The biologically active base of the supple-
ment contains dry concentrated cultures of
lactic acid bacteria, Bacillus spp. and pro-
biotic yeast, the action of which is aimed
at suppressing opportunistic microbiota,

CHHOIOTHKIB Ha TI3HIX eTanax BUPOIIY-
BaHHs. BIUIMB mo1i0HUX eKCIIePUMEHTAITb-
HUX KOMIUIEKCIB Ha CHCTEMY aHTHOKCH-
JAHTHOTO 3aXKCTY Ta POCTOBHIA MOTEHITiaI
MOJIOJII PYCBKOTO OCEeTpa y HaWKPUTHYHI-
IIMA [epioJ] PAaHHBOTO OHTOTEHE3Y 3alu-
[IAETHCS BUBUCHUM JIHIIIE ()parMeHTapHO,
10 1 3yMOBIIO€ aKTYaJIbHICTh JaHOTO JIO-
CIILKEHHS.

BUAIVIEHHSA HEBUPIIIEHUX
PAHIIIE YACTHH 3ATAJIBHOI
INPOBJEMHU. META POBOTH

Ha manuii yac mociipKeHHs 1MI0I0 3a-
CTOCYBaHHSA CHHOIOTHMYHHUX IIpenapariB B
aKBaKyJbTypl YKpaiHU 3aJIMIIAI0ThCS 00-
MesxxeHumu [17, 18]. binpiiicts cy4acHux
HAyKOBHX Mpalb NPHUCBSYCHI BHBUCHHIO
€(eKTUBHOCTI MOHOKOMITOHEHTHOTO BH-
KOPUCTaHHS NPeOi10THKIB a00 MPOOiOTHKIB
MEPEeBaXKHO Y KOPOIIBHUUTBI Ta (openis-
HunTBi [19, 20]. [l{omo oceTpiBHUIITBA, TO
HasBHI MyOmikaii 37e01IbIIOro BHUCBIT-
JIOIOTH PE3yNbTaTH 3aCTOCYBAaHHSI CYTO
npobioTnuHuX mramis [21-24]. Excriepu-
MEHTAJIbHI JOCHIJUKEHHS CHUHOIOTUYHUX
IpenapariB y BITYM3HAHOMY DPUOHHIITBI
MaroTh MOOJIMHOKHH XapakTep, a BILIHNB
OCTaHHIX Ha PICT, BIXKUBAHICTD 1 (iziono-
riyaui Ta 010XIMIYHMI CTAaH MOJIOII Oce-
TPOBUX pUO BUBYEHUH HEJJOCTATHDHO.

3a naaumu FAO (Food and Agriculture
Organization), 3acTocyBaHHS (YHKLIO-
HIPHUX KOPMOBHX J00aBOK, 30KpeMa
CHUHOIOTHKIB, PO3MISIAETHCS SIK OJHMH 13
HAUTIePCIICKTHBHININX HAMPSIMIB  ITiJ[BH-
IICHHS PEHTA0CTBPHOCTI aKBaKyJIBTYpH Ta
3MEHIIICHHS 3aJIS)KHOCTI Taiy3i BiJI aHTH-
OakrepialibHUX Tpemnapartis [25].

Y [pOMy KOHTEKCTI TIEPCIICKTHB-
HOIO € EeKCIepUMEHTajbHa CHUHOIOTHYHA
no0aBka, po3poOiieHa Ui  ONTHMI3arlii
MPOAYKTUBHOCTI, MiATpUMaHHS Oap’ep-
HOT (QYHKIIT KWIICYHHKA Ta TIiJIBHIICHHS
CTPECOCTIHKOCTI OCETpOBHUX PHO 32 YMOB
IHTEHCHBHOTO KyJITETHBYBAaHHS B CHCTEMax
PAC. Bionoriyno akTuBHA OCHOBa 100aB-
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normalizing the intestinal microbioceno-
sis and stimulating the activity of diges-
tive enzymes. Yeast cell walls were used
as a prebiotic component — a source of
functional polysaccharides (B-glucans and
mannan-oligosaccharides), which serve as
a selective substrate for beneficial micro-
biota, exhibit an immunomodulatory effect
and reduce the level of lipid peroxidation.

Since the specified drug is at the stage
of experimental testing, and its component
composition indicates a high potential for
sturgeon farming, there is a justified need
for a comprehensive assessment of its im-
pact on the physiological and biochemical
state and antioxidant protection of the fish
body.

In view of this, the aim of the work was
to assess the effect of an experimental syn-
biotic supplement on the growth potential,
survival and antioxidant status of Russian
sturgeon juveniles at the early stages of on-
togenesis under conditions of cultivation
in RAS.

MATERIALS AND METHODS

The study was conducted at the Lviv
Research Station of the Institute of Fish-
eries of the NAAS in a recirculating aq-
uaculture system with optimal sturgeon
maintenance parameters and compliance
with generally accepted methods of con-
ducting experiments in fish farming [26,
27].

The object of the study was the lar-
vae of the Russian sturgeon (Acipenser
gueldenstaedtii Brandt & Ratzeburg,
1833) at the 44th-45th stages of postem-
bryonic ontogenesis (according to Det-
laff et al., 1981), which corresponded

KH MICTUTh CyXi KOHIICHTPOBaHI KyJIBTYpH
MOJIOYHOKUCIUX OakTtepidd, Bacillus spp.
Ta TPOOIOTHYHHUX JAPDKIDKIB, sl SKUX
CHpsSIMOBaHA Ha MPUTHIYEHHS YMOBHO-IIA-
TOTEHHOT MIKpOOiOTH, HOpMAaTi3aIii Mi-
KpoOIOIIEHO3y KHILEYHUKA Ta CTUMYJIS-
IO aKTHBHOCTI TpaBHUX (pepMeHTiB. Sk
npeOiOTUYHUN KOMITOHEHT BHUKOPUCTAHO
KIITHHHI CTIHKH JPDKIKIB — JDKEpeIo
(byHKIIOHATBPHUX Momicaxapumis (B-miro-
KaHIB Ta MaHAHOONIrocaxapumiB), sKi
CIIyTYIOTh CEJICKTUBHHM CYyOCTpaToM Juist
KOPUCHOT MIKpPOOIOTH, MPOSBISIFOTH iMY-
HOMOJYJIIOBAJIbHUAN €(eKT Ta 3HIKYIOTH
PiBEHb IMEPOKCUIHOTO OKUCHEHHS JIIITiIiB.

OCKJIbKY 3a3HAYEHUH Mperapar mnepe-
OyBae Ha CTaJIil eKCIIEPUMEHTAIILHOT arpo-
Oarrii, a HOro KOMIIOHEHTHUH CKJIaJ CBiJ-
YUTH TPO BHUCOKHWU IIOTEHINAN Ui Oce-
TPIBHUIITBA, BUHUKAE OOTPYHTOBaHa IO-
Tpeba B KOMIUIEKCHIH OIIHIII HOTO BIUIMBY
Ha ¢izionoriyHui Ta G10XIMIYHMNA CTaH H
AHTHOKCHJIAHTHHUH 3aXHCT OpPTaHi3My pHO.

3 omAgy Ha e, METO poboTH Oyia
OIliHKAa BIUIMBY EKCIICPUMEHTAIFHOI CHH-
0i0THYHOI T0OABKM HA POCTOBUI IOTEH-
miaJI, BUKUBAHICTh T4 aHTHOKCHUIAHTHUN
CTaTyC MOJIOJIi PyCHKOTO OCETpa Ha paHHIX
CTaisX OHTOTCHE3Y 33 YMOB BHPOIIyBaH-
Hs B PAC.

MATEPIAJIM TA METOAN

JocnijpkeHHS TMpoBeZicHO Ha  0asi
JIbBiBCHKOI nocmigHOl craHIii [HCTUTYTY
pubHoro rocnomapctea HAAH y penu-
PKYJISIIIMHIA aKBaKyIBTYpHIH CHUCTEMI i3
3a0e3IeueHHSIM ONITUMATBHUX TTapaMeTpiB
YTPUMAaHHsI OCETPIB Ta JOTPHUMAHHSIM 3a-
TaJbHOIPUIHATHX METOJMK IPOBEIACHHS
EKCTIICPUMEHTIB y pUOHHUIITBI [26, 27].

OO0’eKTOM  JTOCHIJDKCHHS OyimH  JIH-
YUHKH PYCbKOro ocetrpa (Acipenser
gueldenstaedtii Brandt & Ratzeburg,
1833) nHa 44-45-i1 cranisx moctemoOpio-
HaJbHOTO OHTOTeHe3y (3a [lemrad Ta iH.,
1981), ski BignoBiganu ¢aszi ocTaTOYHOI
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to the phase of final yolk resorption and
transition to active exogenous nutrition.
Sturgeons at the juvenile stages of devel-
opment were fed with brine shrimp (4r-
temia salina) nauplii, which were at the
first and second stages of development.
Experimental group No. 1 consumed
Artemia nauplii, which were enriched
in the experimental substrate for 3—4
hours at the rate of 15 mg/dm? of enrich-
ment solution. Experimental group No. 2
consumed Artemia, which was enriched
similarly, at the rate of 45 mg/dm*® of
enrichment solution. The control group
consumed brine shrimp without the syn-
biotic supplement. The duration of the
experiment was 21 days. Weighing and
assessment of the average weight of fish
were carried out on a sample of 10 fish
from each group to minimize injury and
stress.

The experimental synbiotic drug un-
der study is a development of the Enzym
Group R&D center (PrJSC “Enzym Com-
pany”’). The synbiotic includes two species
of Lactobacillus, two strains of Bacillus,
the probiotic yeast Saccharomyces boular-
dii, and yeast cell walls.

During the experiment, the specific
growth rate (SGR) was determined both
for individual control intervals and for the
entire growing period, as well as the sur-
vival rate (SR) according to the formulas
below:

(InWt —InWo) 1
t

SGR = 00,

where SGR — specific growth rate (%/
days);

Wt — final weight at the end of the re-
cording interval or experiment (g);

Wo — initial weight at the beginning of
the accounting period or experiment (g);

t — duration of the accounting interval
or experiment (days).
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pe3opOIIii )KOBTKA Ta MEpexoly Ha aKTHB-
HEe eK30TeHHe >KHWBJICHHA. [omiBmio oce-
TpIB Ha IOBCHAIBHUX CTAJifX PO3BUTKY
MIPOBOJIMIIN HAYILTisIMU apTeMii (Artemia
salina), K1 3HaXOMWIUCH Ha TMEpHIiil Ta
JIpyTiil cTaisx po3BUTKy. JlociigHa rpy-
ma Ne 1 crokmBasia HayIoiii apremii, siki
30aradyyBaJINCh y JIOCHITHOMY cyOcTpari
BIIPOJIOBXK 3—4 TOI 13 po3paxyHKy 15 mr/
M3 30aradyBayibHOTO po3uuHy. JlocmiaHa
rpyna Ne 2 crioxuBalia apTeMiro, sKa 30a-
radyBajach aHAJOTITHO, 3 PO3PAXyHKY 45
Mr/am® 30aradyBaJIbHOTO po3uuHy. KoH-
TpOJIbHA T'pyIla CIIOKKBalla apTeMiro 0e3
cuHOloTHYHOT 100aBKU. TpUBaMICTh €KC-
nepuMeHTy — 21 moba. 3BakyBaHHS Ta
OIIHKY CEpeHbOT MacH PHO TPOBOIUIH
Ha BUOipIi mo 10 ex3. puo 3 KOXKHOI TpyIH
JUTSL MiHIMI3aIlii TpaBMyBaHHS Ta CTPECO-
BOTO HABAaHTAKCHHS.

JocmimxyBaHuii €KCIIEpUMEHTAJIb-
HUN CHHOIOTHYHUK Iperapar € po3poo-
kot «R&D-nieatp Enzym Group» (ITpAT
«Kommanis «EH3uM»»). Jlo ckitagy cuH-
0ioTuka BXoauTh ABa BUIU Lactobacillus,
nBa 1raMu Bacillus, mpoOIOTHYHI JPiK-
oK1 Saccharomyces boulardii Ta KIiTHHHI
CTIHKH JIPIKIDKIB.

VY mporeci MPOBEACHHS EKCIIEPUMEH-
Ty BH3HAYaIN IHTOMY IIBUAKICTH POCTY
(SGR — Specific Growth Rate) sx mns
OKpPEMHX KOHTPOJBHHX IHTEPBAJIB, TaK i
3a BeCh I1epioJl BUPOIIyBaHHS, a TAKOXK BHU-
xuBaHicTh (SR — Survival Rate) 3a Hux-
YeHABEICHUMH (DOpMyIaMu:

sgg = InWt—InWo) _,

00,
ne SGR — nuToma HIBHAKICTH POCTY
(%o/n0Gy);
Wt — kiHIeBa Maca HaMpHUKiHII 00Ti-
KOBOTO 1HTEpBaJly a00 CKCIIEPUMEHTY (T);
Wo — nouarkoBa Maca Ha Io4arky 00-
JIIKOBOTO TIepioy ad0 eKCrepruMeHTy (T);
t — TpHBAJICTh OOJIKOBOTO iHTEpBAILY
a00 excriepuMeHTy (J1i0).
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SR = M %100,
No

where SR — survival (%);

Nt — final number of fish (ind.);

No — initial number of fish (ind.).

After the experiment was completed,
the fish were euthanized by decapitation in
compliance with bioethical standards and
subsequent freezing of the carcasses.

Biochemical analysis was performed
in tissue homogenate of whole sturgeon
carcasses. The activity of antioxidant en-
zymes: SOD and catalase, as well as the
content of diene conjugates and TBA-ac-
tive products were determined.

The state of the antioxidant system was
assessed by superoxide dismutase activity,
which was determined by the degree of in-
hibition of nitrotetrazolium blue reduction
in the phenazinemetasulfate-NADH sys-
tem (Dubinina, 1983) and catalase activity,
which was investigated by the reaction of
hydrogen peroxide residue with ammoni-
um molybdate (Korolyuk, 1988). The in-
tensity of lipid peroxidation processes was
analyzed by the content of diene conjugates
in the heptaneisopropanol extract (Stalna,
1977) and the concentration of TBA-active
products in the reaction with thiobarbituric
acid (Korobeynikova, 1989). The determi-
nation of the indicated parameters in the
biological material of fish was carried out
according to the specified methods, which
are described in the reference book [28].
Protein content was determined by the
Bradford method [29].

All experimental studies and manipu-
lations with sturgeon fish were carried out
in accordance with the Law of Ukraine
“On the Protection of Animals from Cru-
elty” (No. 4921-IX of 06/30/2026) and the
“Procedure for Conducting Experiments
and Experiments on Animals by Scientific
Institutions” (Order of the Ministry of Ed-
ucation and Science of Ukraine No. 249 of
03/01/2012), as well as in compliance with

SR = ﬁ %100,
No

ne SR — BmwxuBaHicTh (%);

Nt — kiHIeBa KUTbKIiCTh pub (€K3.);

No — moyarkoBa KiJIbKiCTh pu0 (eK3.).

[Ticnst 3aBepiieHHs AOCTiAy puod M-
aBaJM €BTaHa3il IUIIXOM JeKamiTaliii 3
JIOTPUMAHHSM HOPM OIOCTHKH Ta MOAaJb-
MM 3aMOPOXKYBaHHSM TYIIOK.

BioxiMiuHmii aHami3 3AIHCHIOBAIN Y
TKAHWHHOMY TOMOTEHATi IUIMX TYIIOK
oceTpa. Bu3Hayamum aKTHUBHICTH aHTH-
oxkcupanTHux exs3umiB: COJI Ta kaTanasu,
a TaKOX BMICT MI€HOBHUX KOH IOrariB Ta
TBK-akTUBHHX NPOIYKTIB.

Crad aHTHOKCHJAHTHOI CHCTEMH OIli-
HIOBAJI 32 CYMEPOKCHIUCMYTA3HOIO aK-
THUBHICTIO, Ky BH3HAUalId 3a CTYINCHEM
MIPUTHIYCHHS BIJTHOBJICHHS HITPOTETpa-
30J1iF0 CHHBOTO B CHCTeMi (peHa3HMHMETa-
cynedpar-HAIH (/lyounina, 1983) ta ka-
TaJa3HO0 aKTHBHICTIO, SKY JOCIIKYBaTH
33 PEaKIi€l0 3AIHUIIKY TEPOKCHIY BOIHIO
3 momioaarom amoHniro (Kopomok, 1988).
[HTEHCHBHICTh TPOIECIB MEPOKCHIHOTO
OKWCHCHHS JIIMTIIIB aHaJi3yBajK 3a BMIiC-
TOM JIIEHOBHX KOH IOTaTiB Yy TeNTaHi30-
nmponaHoibHOMY — ekcTtpakTi  (CranbHa,
1977) ta xonuentpanicro THBK-akTuBHUX
MPOAYKTIB y peakilii 3 Tio0apOiTypoBOIO
kucnoroto (KopoGeitnukopa, 1989). Bu-
3HAYCHHS BKa3aHWX IMOKA3HUKIB y 0i0J0-
riYHOMY MaTepiaii pu0 IPOBOIMIIH 3T1AHO
13 3a3HaYEHMMU METOJMKAMH, SIKI OIKMCaHl
y nOBimHUKY [28]. BusHaueHHs BMicCTy
O1JTKa MPOBOIWIIM 3a MeTOIoM bpendopnaa
[29].

VYei eKcriepuMEeHTaNbHI  JTOCIIKCHHS
Ta MaHIMYJIANil 3 OCETPOBHUMHU pHUOAMHU
MIPOBOJIMIIM BIJIMOBITHO JTO 3aKOHY YKpa-
ian «IIpo 3aXUCT TBAPHUH BiJ )KOPCTOKOTO
noBoKeHHSD» (Ne 4921-1X Bin30.06.2026)
ta «[lopsimky MpOBeneHHS HAyKOBUMHU
YCTaHOBaMH JIOCIIJIIB, CKCIICPUMEHTIB Ha
tBapuHax» (Hakazs MOH VYkpainu Ne 249
Bix 01.03.2012), a TakoX 13 JOTPUMAHHIM
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the main provisions of Directive 2010/63/
EU and Commission Delegated Directive
(EU) 2024/1262.

Statistical processing of experimental
data was carried out in a software envi-
ronment developed by the Free Software
Foundation (FSF, USA) using variational
statistics methods. To assess intergroup
differences, one-way ANOVA was used
followed by Tukey’s post-hoc test (Tuk-
ey HSD). The normality of the data dis-
tribution was determined using the Shap-
iro-Wilk test. Results are presented as
M+m, statistical significance was estab-
lished at p<0.05. To optimize the work, the
initial search for literature sources and their
systematization, an artificial intelligence
tool was used — a large language model
Gemini 3.5 Flash (Google). All search re-
sults and bibliographic data obtained were
additionally manually checked by the au-
thors for their accuracy, authenticity, and
relevance to the research content.

STUDY RESULTS AND THEIR
DISCUSSION

The conducted studies on the produc-
tive and biological parameters of sturgeon
juveniles showed that adding a multifunc-
tional synbiotic supplement to the diet
during 21 days of exogenous feeding had
a stimulating effect on growth processes.
At the end of the experiment, the average
weight of fish in experimental group No.
1 and experimental group No. 2 exceed-
ed that of the control group by 19.2% and
38.0%, respectively (Fig. 1).

Analysis of the dynamics of the spe-
cific growth rate of Russian sturgeon ju-
veniles during the control observation pe-
riods (7, 14, and 21 days) demonstrated a
pronounced dependence of the intensity of
growth processes on the composition and
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OCHOBHUX TIoJIokeHb Jlupextusu 2010/63/
€C Ta [eneroBanoi nupextusu Kowmicii
(€C) 2024/1262.

CraructuuHy OOpOOKY eKCIepUMEH-
TaJbHUX JAHWUX 3IiHCHIOBAIN Y MIPOTpaM-
HOMY CepeoBHUIi, po3pobieHomy «Free
Software Foundation» («FSF», CILA) i3
3aCTOCYBaHHSM METOAIB BapialiifHoi cra-
TACTUKU. JIJI1 OLIHKA MIKTPYIOBUX BiJl-
MIHHOCTEH 3aCTOCOBYBAJIM OJIHO(AKTOP-
HUW jucrepciiauit  aHamiz  (One-Way
ANOVA) 3 nofaibIiuM MOCT-XOK-TECTOM
Teroki (Tukey HSD). HopmainbHICTh po3-
MO/Ty JAaHWX BU3HAYallM 32 JJONOMOTOIO
kputepito [lamipo —VYinka (Shapiro-Wilk
test). Pe3ynpraTu mpeacTaBieHi y BUITIAL
M+m, CTaTHCTHYHY 3HAUYIIiCTh BCTAHOB-
mroBanu ipu p<0,05. Jlnst ontumizanii po-
00TH, IEPBUHHOTO TOIIYKY JITepaTypHUX
JUKepen Ta iX cucTemMaru3sanii Oysno 3acTo-
COBAaHO IHCTPYMEHT IITYYHOTO IHTEIEKTY
— BeJNUKYy MOBHY Mozenb «Gemini 3.5
Flash» («Google»). Yci onepxani pe3yib-
TaTU NMOIIYKy Ta 6i0miorpadiuni fani Oymu
JIOJIATKOBO TIEPEBIPEHI aBTOpaMH BPYYHY
1040 TX TOYHOCTI, AaBTEHTUYHOCTI Ta Bij-
MTOBITHOCTI 3MICTY JIOCTI/IDKCHB.

PE3YJIBTATHU JOCJIJIXEHb
TA IX OBIOBOPEHHS

VY pesynbrari npoBeleHNX JOCTiIKEeHb
PUOHHUIIBLKO-010JIOTIYHUX TTOKA3HUKIB MO-
JIOJIl OCETpiB OyJI0O BHSIBICHO, IO JOfa-
BaHHS JI0 palioHy OararoQyHKI[IOHATb-
HO1 CMHOIOTHYHOI JT00aBKU BIPOaOBXK 21
OO €K30TE€HHOTO JKHMBJICHHS Majo CTH-
MYJIIOBaJIbHUH e(heKT Ha POCTOBI MPOLIECH.
HanpukiHIli eKCIIepuMeHTY cepeliHs Maca
pu6 y mocminHin rpymi Ne 1 Ta mocmimHii
rpym Ne 2 mepeBuIlyBaja 3HaYCHHS KOH-
TpoJbHOI rpynu Ha 19,2 ta 38,0% Biamno-
BiztHO (puc. 1).

AHani3 IUHAMIKUA MUTOMOI IIBUIKOCTI
POCTY MOJIOAI PYCHKOTO OCETpa 3a KOH-
TPOJIbHI Iepioau crioctepeskeHss (7, 14 ta
21 noba) EMOHCTPY€E BHPAKECHY 3aJICxK-
HICTh IHTEHCHUBHOCTI POCTOBHUX IPOLECIB
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Control

Body weight, g

3

== « +15 mg/dm

3
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1 7 14

O r N W A~ O o
Sy

21 Days

Fig. 1. Dynamics of body weight of Russian sturgeon when an experimental syn-
biotic supplement was added to their diet, g (n=10)

dosage of the experimental synbiotic sup-
plement (Fig. 2).

Throughout the experiment, the highest
and most stable SGR values were observed
in experimental group No. 1. At the first
stage (7th day), the specific growth rate of
fish in this group was 7.92%/day, slightly
exceeding the control values (7.54%/day).
In the period from 7 to 14 days, group No.
1 showed a maximum surge in growth ac-
tivity, and SGR reached its peak value of
12.47%/day (versus 9.28%/day in the con-
trol). At the final stage (14-21 days), de-
spite the physiologically natural decrease
in growth rate as body weight increases,
in experimental group No. 1 the studied

BiJl CKJNa@y Ta JO3YBaHHSI EKCICPHMEH-
TanbHOI CHHOI0THYHOT 100aBKH (puc. 2).
YIpOAOBK BCHOTO EKCIICPUMEHTY Haii-
BHUIIl Ta HAWOUIBIN CTAOIIbHI MMOKA3HUKH
SGR cmoctepiraiauchk y IOCHTIAHIA Tpy-
mi Ne 1. Ha nepmomy erarmi (7-ma qo0a)
MUTOMA IIBHIKICTh POCTY pHO i€l rpymnu
craHoBuia 7,92%/n00y, A€o nepeBuIiLy-
109U KOHTPOIIBHI 3HaueHHs (7,54%/100y).
VY nepion 3 7 no 14 oGy B rpymi Ne 1 Bin-
3HAYaBCS MAKCUMAaJIBHUH CIUIECK POCTOBOL
akTuBHOCTI, a SGR 0CsT CBOro IMiKOBOIO
3HaueHHs — 12,47%/n00y (npotu 9,28%/
o0y y koHTpo:i). Ha 3aBepiiansHOMY eTa-
mi (14-21 no6a), momnpu (i3ioaoriyHo 3a-
KOHOMipHE 3HWKEHHSI TEMITy POCTY B Mipy

%14

glz

°7 10
: m Control
6 -
4 - 15 mg/dm?3
2 - ® 45 mg/dm?
0 .

7 14

21 Days

Fig. 2. Dynamics of the specific growth rate (SGR) of Russian sturgeon fed a diet
supplemented with the experimental synbiotic (%/day)
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parameter was maintained at a high level
— 9.12%/day, which exceeded the control
value by 2.6 times. In total, for 21 days of
observation, the average specific growth
rate in experimental group No. 1 was
9.48%/day versus 6.77%/day in the con-
trol.

At the same time, unstable dynamics
of specific growth rate were observed in
experimental group No. 2. After intensive
weight gain in the first week of the experi-
ment, the specific growth rate of this group
was 2.58%/day on the 7th day and 3.62%/
day on the 14th day, decreasing to 0.68%/
day at the end of the experiment. The av-
erage rate for the experimental period was
2.29%/day.

The obtained results indicated that en-
richment of Artemia salina with a synbi-
otic supplement in the dosage of experi-
mental group No. 1 provided a prolonged
stimulating effect on the growth processes
of sturgeon juvenles, maintaining a high
intensity of nutrient absorption during the
stage of early ontogenesis.

Along with the positive effect on growth
intensity, the use of a synbiotic supplement
significantly increased the survival rates of
Russian sturgeon (Fig. 3).

The cumulative survival rates were
higher in experimental group No. 2 and
amounted to 95.83% for 21 days of the
experiment. In experimental group No.
1, this value was at the level of 94.14%,

301IBIIEHHS] MACH TLJIA, Y JOCIIIHINA IpyIi
Ne 1 pmocnikyBaHUI MOKAa3HUK YTPUMY-
BaBCsI Ha BUCOKOMY piBHI — 9,12%/m00y,
IO TIEPEeBHILYBaJO KOHTPOJIBHUH IOKa3-
HUK y 2,6 pa3a. 3aramom, Ha 21 100y crio-
CTEPESIKCHHST CepPEHS MUTOMA IIBHIKICTh
pocty B jpociiaHii rpymi Ne 1 ctaHOBHIIa
9,48%/100y npotH 6,77%/100y y KOHTpO-
7.

ITpn npomy y npocmimHiil rpymi Ne 2
crioctepiraiack HecTallIbHA JMHAMIKa
nuToMOi MBUAKOCTI pocty. Ilicnsa iHTeH-
CHUBHOTO Ha0Opy MacH Ha TEPIIOMY THKHI
JIOCITiTY, IHTepBaJIbHI MTOKA3HUKU MATOMOL
MIBUJIKOCTI POCTY IIi€i TPYNU CTAaHOBUIIH
2,58%/n00y Ha 7-my noOy ta 3,62%/100y
Ha 14-Ty 100y, 3HU3WBIIMCH HANPHUKIHII
excriepumenty a0 0,68%/no0y. Cepenniit
MTOKa3HUK 32 TEePiojl eKCIICPUMEHTY CTaHO-
BUB 2,29%/100y.

OTpuMaHi  pe3yibTaTd  JOCHIKCHb
CBiguatTh, 1m0 30araucHHsA Artemia salina
CHHOIOTHYHOI JI00ABKOKO Y JI03yBaHHI
npocainHoi rpynu Ne 1 3abe3meuye mpo-
JIOHTOBaHWI CTUMYIIOBAJILHUN €(PEeKT Ha
POCTOBI NpOIECH MOJIOAL OCeTpa, MiATPHU-
MYIOYH BHUCOKY IHTEHCHBHICTH 3aCBOEHHS
MO>KUBHUX PEYOBUH YIPOIOBK ETAIy PaH-
HBOTO OHTOTCHE3Y.

[Mopsia i3 MO3UTHBHUM BILUTUBOM Ha iH-
TEHCUBHICTH POCTY, 3aCTOCYBaHHS CHHO10-
TUYHOI TOOABKH CYTTEBO IIiIBUIIYBAJIO I
MTOKa3HUKHU BIHKUBAHOCTI PyCHKOTO OCEeTpa

(puc. 3).

97
96

95

94
93
92 -
91 -
90 -

%

H Control
15 mg/dm?
W45 mg/dm3

Survival rate (SR)

Fig. 3. Survival rate (SR) of Russian sturgeon larvae fed Artemia enriched with

a synbiotic supplement (%)
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while in the control group it was 92.33%.
The obtained data indicated an increase in
the viability of fry under the effect of the
experimental synbiotic supplement, which
was probably associated with an improve-
ment in the functional state of the digestive
system, optimization of nutrient absorp-
tion processes, and increased nonspecific
resistance of the organism.

The 21-day experiment showed that
adding a lower dose of synbiotic supple-
ment in experimental group No. 1 was the
most effective. It provided stable dynam-
ics and the highest average specific growth
rate (SGR 9.58%/day), which allowed
achieving the maximum final weight of in-
dividuals (4.830 g).

The activity of antioxidant defense en-
zymes serves as a sensitive biochemical
marker of the physiological state of fish.
Changes in their catalytic ability reflect
the level of stress caused by adaptation to
intensive cultivation conditions, possible
short-term deviations in the technological
parameters of the growing environment, or
the development of pathological process-
es. Accordingly, monitoring this part of the
antioxidant system (ADS) is an important
tool for objectively assessing the health
and adaptive capabilities of objects of ag-
uaculture.

Analysis of the results obtained indi-
cates a dose-dependent nature of the phys-
iological effect of the applied synbiotic
(Table).

In particular, a significant increase in
catalase activity by 91.9% (p < 0.05) was
observed in the tissues of fish of experi-
mental group No. 2 relative to control
values. Against the background of such a
significant increase in catalase activity, su-
peroxide dismutase activity showed only
a slight tendency to increase, not signifi-
cantly different from control values. This
is probably due to the fact that the basal
SOD activity in sturgeon tissues was suffi-
cient for the dismutation of the superoxide

BusHaueHo, 1m0 MOKa3HUKH KyMYyJIs-
TUBHOI BIDKUBAHOCTI OylMU KpalluMHu y
nmociiaHiu rpymi Ne 2, 1 3a 21 100y ekcrie-
puMeHTy ctaHoBwin 95,83%. YV mocmin-
Hii Tpym Ne 1 1e#l moka3HUK mepeOyBaB
Ha piBHI 94,14%, Toai SIK y KOHTPOJIBHIH
rpymi — 92,33%. OtpumaHi 1aHi CBiT9aTh
PO TiABUILEHHS KUTTECTIMKOCTI MalbKiB
32 BIUIMBY EKCIICPUMEHTAJIbHOI CHHOIO-
TUYHOI J00aBKH, 110, HMOBIpHO, TOB’s-
3aHO 3 TOKpameHHsIM (QyHKITIOHATBHOTO
CTaHy TPaBHOI CHCTEMH, OITHMI3aIli€0
MIPOIIECiB 3aCBOEHHS TTOKUBHHUX PCUOBUH
Ta MOCWICHHSIM HecrenudiyHoi peswuc-
TEHTHOCTI OpraHi3my.

3a pesyasraramu 21-70060BOro eKc-
MIEPUMEHTY BCTAHOBIICHO, IO JTOIAaBaHHS
MEHIIO1 1031 CHHO10THYHOT T00aBKH Y J10-
ciimHid Tpymi Ne 1 € HalleeKTHBHIIITIM.
Bona 3a6e3neuye cTabiibHy TUHAMIKY Ta
HAWBUINWN CepeHIA MUTOMHMA TEMIT POC-
Ty (SGR — 9,58%/100y), 1110 103BOIHIIO
JIOCSITTH  MaKCUMAJIbHOT (PIHATTBHOI MacH
ocobuH (4,830 1).

AKTUBHICTH ()EpMECHTIB aHTHOKCH/IAHT-
HOTO 3aXUCTy CIYT'Y€ 4yTIUBUM 0i0XiMiu-
HUM MapkepoM (i31010T19HOTO CTaHy pHo.
3MIHM IXHBOI KaTajaiTHYHOI 34aTHOCTI Bi-
JI0OpakarTh pPiBEHb CTPECOBOTO HABAaHTA-
JKEHHSI, 3yMOBJICHOTO a/IalITAIIIE0 IO YMOB
IHTEHCHBHOTO BHPOIIyBaHHS, MOXKIUBIMHA
KOPOTKOYACHUMHU BIJIXHJICHHSIMH TEXHO-
JIOTIYHUX TIApaMeTpiB CepellOBHINA BUPO-
IIyBaHHS a00 PO3BUTKOM TATOJOTTYHUX
mporieciB. BiAmoBiHO, MOHITOPHHT i€l
JIAaHKM aHTHOKCUIaHTHOI cuctemu (AOC)
€ BQXJIMBHM I1HCTPYMEHTOM JUIS 00’ €K-
THUBHOI OIIIHKHU 3/I0POB’S Ta aJlanTaliiHuX
MOJKJIMBOCTEH 00’ €KTIB aKBAKYJIBTYPH.

AHasi3 OTpUMaHMX PE3YNbTaTiB CBiJ-
YUTh MPO JI0303aJICKHUAN XapakTep (izi-
OJIOT1YHOT JIii 3aCTOCOBaHOTO CHUHOIOTHKA
(Tabm.).

30kpema, y TKaHHHaX pud AOCTIIHOL
rpymu Ne 2 BiIMiY€HO JIOCTOBIpHE 301Jb-
IIEHHsT KaTaja3Hoi akTUBHOCTI Ha 91,9%
(p < 0,05) BiTHOCHO KOHTPOJBHHUX 3HA-

145

ISSN-L 2075-1508 FISHERIES SCIENCE OF UKRAINE ¢ Ne 3/2026




ANTIOXIDANT RESPONSES AND GROWTH POTENTIAL OF JUVENILE RUSSIAN STURGEON (ACIPENSER
GUELDENSTAEDTII BRANDT & RATZEBURG, 1833) UNDER THE EFFECT OF AN EXPERIMENTAL SYNBIOTIC

Table. Activity of antioxidant enzymes and content of lipid peroxidation products
in homogenates from the bodies of Russian sturgeon under the influence of a synbi-

otic supplement (M+m, n=3)

Parameters Control Experimental Experimental
group No.1 group No.2
Catalase, pmol H,O, /min/mg protein 2.84+0.37° 3.01+£0.21° 5.45+0.44°
SOD, u/min. / mg protein 4.82+0.29*° 4.60+0.45* 5.27+0.13°
Diene conjugates, nmol/mg protein 2.1740.12° 1.11£0.20* 1.994+0.10°
TBA-reactive substances (TBARS), 1.28+0.13¢ 1.20+£0.23* 0.5540.14*#
nmol/mg protein

Note. Significant differences between study groups are indicated by different letters and were considered
statistically significant at p < 0.05 according to Tukey post-hoc test.

radical. Instead, excessive hydrogen per-
oxide production required a compensatory
response from catalase.

At the same time, no significant chang-
es were detected in fish of experimental
group No. 1, when assessing the activity
of enzymes of the first and second lines of
defense. Only a slight increase in catalase
activity was noted — by 6.0%, and SOD
activity was, on the contrary, lower — by
4.6% compared to control values, which
indicates the absence of a significant effect
of this concentration of synbiotic at the
early stage of ontogenesis.

Activation of lipid peroxidation (LPO)
is a key marker of cell destruction, and
the determination of its intermediate and
end products allows assessing the depth
of metabolic disorders. As a result of the
studies, it was found that the content of
diene conjugates in the tissues of fish of
experimental group No. 1 was significant-
ly lower by 48.8% compared to the control
(p < 0.05), while no significant differences
in the level of TBA-active products were
found between this group and the control.

In experimental group No. 2, a moder-
ate decrease in the content of diene conju-
gates was recorded — by 8.3% compared
to the control. At the same time, the con-
centration of TBA-active products in this
group was 57.0% lower than the control
level, demonstrating a trend towards a de-
crease in the accumulation of this toxic me-
tabolite. Therefore, increasing the dosage

yenb. Ha ™I TaKOro 3HAYHOI'O IIiIBUILIEH-
HS Karaja3Hoi aKTHMBHOCTI CYIEpPOKCH]I-
MUCMyTa3Ha AaKTUBHICTh JEMOHCTpyBajia
JIUIIIe HE3HAYHY TEHJCHII0 J0 3pOCTaH-
Hsl, HE BIAPI3HAIOYHCH BIPOT1IHO BiJl KOH-
TPOJIbHHUX 3Ha4YeHb. lle, IMOBIpHO, TIOB -
3aHO 3 TUM, 110 0a3oBa akTuBHICTE COJ]
y TKaHMHAX oceTpa Oyia TOCTaTHBOIO IS
MUCMYTAIlil CYHNEPOKCUIHOTO PaHKay.
HatomicTh, HaaMmipHe YTBOPCHHS Iie-
POKCHIy BOJHIO MOTPEOyBao KOMIICHCA-
TOPHOI BiJINOBI/II 3 OOKY KaTaJla3H.

ITpu npomy, y pub mocmimHOi rpymnu
Ne 1 mpu OMIHII aKTUBHOCTI ()EpMEHTIB
mepiroi Ta Apyroi JiHii 3aXHCTy HOCTO-
BIpHUX 3MiH He BUSBJICHO. Bin3Hauanm
JIMIIIEe HE3HAYHE MiABUINEHHS KaTala3Hol
akTHUBHOCTI — Ha 6,0%, a aKTUBHICThb
CO/l Oyna, HaBMaku, HIXKIOK — Ha 4,6%
MOPIBHSHO 3 KOHTPOJILHUMH 3HAUCHHSIMH,
IO CBIYUTH IPO BIACYTHICTH CYyTTEBOTO
BILIMBY IIi€i KOHIIEHTpAIlll CHHOIOTHKA Ha
PaHHBOMY €TaIli OHTOTCHE3Y.

AKTHBAIliSl TEPOKCUIHOTO OKHCHEHHS
niniai (ITOJI) € kIF0Y0BUM MapKepoM Jie-
CTPYKIIT KIITHH, 2 BA3HAYCHHS HOTO TIPO-
MDKHUX Ta KiHIEBUX MPOIYKTIB JJO3BOJISE
OIIIHUTH DIMOMHY TMOPYIICHb METadoIIiv-
HUX TIpoleciB. Y pe3yabraTi AO0CHiIKEeHb
OyJI0 BCTaHOBJICHO, IO BMICT Ji€HOBHX
KOH’IOTaTiB y TKaHMHAX pUO AOCIigHOL
rpymi Ne 1 OyB JOCTOBIPHO HMIKYUM Ha
48,8% mopiBHsHO 3 KoHTposeM (p < 0,05),
TOJIi SIK CYTTEBHX BIJIMIHHOCTEU 3a pIBHEM
TBK-akTUBHMX MPOIYKTIB MiX Ii€I0 TPy-
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of the synbiotic supplement promotes the
activation of the enzymatic link of antioxi-
dant protection, which is confirmed by the
inhibition of lipid peroxidation process-
es and a decrease in the concentration of
TBA-active products in the tissue homoge-
nate of juvenile Russian sturgeon. The syn-
ergistic combination of spore-forming and
lactic acid bacteria with prebiotic yeast
components ensures optimization of redox
homeostasis of fish during critical periods
of their early ontogenesis.

Similar results were obtained by the au-
thors when adding optimal doses of probi-
otics (Lactobacillus paracasei N1115) and
prebiotics to the diet of sturgeons, which
significantly strengthens their antioxidant
defense system, helping the organism to
counteract oxidative stress under condi-
tions of intensive cultivation [31, 32]. The
relevance and feasibility of including syn-
biotic additives in functional feeds is also
confirmed by modern review studies. Sys-
tematization of available published data in-
dicates the effectiveness of using probiotic
microorganisms and prebiotic substrates in
fish diets [33].

CONCLUSION AND
PERSPECTIVES OF FURTHER
DEVELOPMENT

The conducted studies showed that
the use of an experimental synbiotic sup-
plement for the enrichment of live feed
organisms Artemia salina during 21 days

TIOI0 Ta KOHTPOJIEM HE BUSBIICHO.

VY nmocnipHiit rpymi Ne 2 3adikcoBa-
HO TIOMIpHE 3HIDKEHHS BMICTY ITIEHOBHX
KOH’1oraTiB — Ha 8,3% 111010 KOHTPOJIIO.
Bonnouac, xonmentpamis THK-aktnBHUX
MPOAYKTIB y Wil Tpymi Oyla HIXKYOIO Ha
57,0% Bil KOHTPOJBHOTO PIBHSA, IO Je-
MOHCTPY€ TCHIICHIIIO 0 3HIKCHHS HAKO-
MMUYEHHS IHOTO TOKCHYHOTO METaloITYy.
OTxe, 301TBIICHHS 103yBaHHS CHHOI0THY-
HOT T0OABKH CIpHs€ aKTHBAIlii (hepMeHTa-
TUBHOI JIJAHKU aHTHOKCUIAHTHOTO 3aXHCTY,
10 MiATBEPKYETHCS IPUTHIYCHHSIM TIPO-
ueciB [1OJI Ta 3MeHIIEHHSIM KOHIIEHTpaLii
TBK-akTHBHUX TPOAYKTIB y TOMOTEHATi
TKaHUH MOJIOJI pychkoro ocerpa. Cunep-
TiYHE TIOEJHAHHS CIIOPOYTBOPIOBATIHHUX
Ta MOJIOYHOKHMCIIUX OakTepid i3 mpebdio-
TAYHUMHU KOMITOHCHTaMH JIPIKIDKIB 320e3-
revye ONTHMI3allil0 OKHCHO-BITHOBHOTO
roMeocrtasy pu0 y KpUTHYHI TEepioau ix-
HBOTO PAHHBOTO OHTOTCHE3Y.

CxXoxi pe3yibTaTtd JOCTKeHb OJiep-
JKaH1 aBTOpaMHU IPH JI0/IaBaHHi J0 palioHy
OCETPOBUX PUO ONTUMAIBHUX 703 TPO0io-
tukiB (Lactobacillus paracasei N1115) ta
MpeOiOTHKIB, IO CYTTEBO 3MIIHIOE IXHIO
CHUCTEMY aHTHOKCHJIAHTHOTO 3aXHUCTY, JO-
MTOMararo4u OpraHizMy MPOTHIISITH OKCH-
JATUBHOMY CTPECY B yMOBaX iHTEHCHUBHO-
ro BuponryBanHs [31, 32]. AKTyalbHICT
Ta JOUUIbHICTh BKIIFOYCHHSI CHHOIOTUYHUX
JI00aBOK J10 CKJIaTy (PyHKITIOHATBHUX KOP-
MIB MIATBEPIPKYEThCS TAKOK CYyYaCHUMHU
OTJIIIOBUMH  TOCTIKEHHIMH. CHcTeMa-
TH3allisl HasBHUX OITyOJIIKOBaHUX JaHUX
CBIJTYHTH PO e(PEKTUBHICTh 3aCTOCYBAHHS
poOiOTHYHHUX MIKPOOpPraHi3MiB Ta npeoi-
OTHYHHX cyOCcTpaTiB y pamionax puod [33].

BUCHOBKMU TA NEPCIIEKTUBHU
MHOJAJBIIOTO PO3BUTKY

Y pesynbrari MpoBeIeHUX JIOCTIKEHb
BCTAHOBJICHO, 110 3aCTOCYBaHHSI SKCIICPH-
MEHTAJIbHOI CHUHOIOTHYHOI HOOABKH I
30aravyeHHsl JKMBHX TpaHC(PEpHUX opra-
HI3MIB Artemia salina BripogoBx 21 nobu
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of exogenous feeding increased the cumu-
lative survival of Russian sturgeon juve-
niles and dose-dependently inhibited the
processes of lipid peroxidation. The use of
lower concentrations of synbiotic (study
group No. 1) blocked the formation of pri-
mary lipid peroxidation products, reducing
the content of diene conjugates by 48.8%
(p <0.01). At the same time, the increased
dose (experimental group No. 2) reduced
the accumulation of the final toxic metab-
olite — TBA-active products by 57% due
to compensatory activation of catalase by
91.9% (p < 0.05) relative to the control
group, with stable superoxide dismutase
activity.

A comprehensive analysis of biochem-
ical and productive-biological parameters
showed that the enrichment scheme ap-
plied in experimental group No. 1 was
technologically feasible, the most effec-
tive, and could be used for implementa-
tion in industrial sturgeon farming. The
indicated concentration of the experimen-
tal synbiotic supplement provided the
highest possible juveniles growth inten-
sity and survival without involving ad-
ditional energy reserves of the organism
for the compensatory restructuring of the
enzymatic link of the ADS. Instead, the
enrichment scheme used in experimen-
tal group No. 2 should be considered as
adaptogenic and its effectiveness should
be tested during times of increased risk of
oxidative stress. Further scientific studies
should be directed at a comprehensive
study of the histostructure of the intes-
tine to establish morphometric changes in
the villi, epithelium, and mucosal barrier
under the action of the synbiotic supple-
ment.

CONFLICT OF INTEREST

There is no conflict of interest between
the authors in this work.

€K30TCHHOTO JKHMBJICHHS IiJBHIIYE KyMYy-
JSTUBHY BIKMBAHICTh MOJOII PYCHKOIO
oceTpa Ta J10303aJICKHO IMPUTHITYE IPO-
uecu IIOJI. 3acrtocyBaHHS HUKYMX PiB-
HIB KOHIIeHTpamii cuHOioTHKa (JocmiaHa
rpyna Ne 1) OJ0Kye yTBOpEHHS TIEpBHH-
Hux nponykriB I1OJI, 3HIKyrouM BMICT
nieHOBHX KOH foratiB Ha 48,8% (p < 0,01).
[Ipu upomy migBUIEHA J03a (IOCIHIIHA
rpymna Ne 2) 3HMXKYy€ HAKOIIMYCHHS KiHIIE-
BOTO TOKCHYHOro Metaboiity — ThK-ak-
TUBHHUX TPOAYKTIB — Ha 57% 3aBIsIKU
KOMIICHCATOPHIM aKTHBaIii Karaja3d Ha
91,9% (p < 0,05) BiIHOCHO KOHTPOJILHOT
IpynH, 3a CTAOUTBHOI CYNEPOKCHIIHCMY-
Ta3HOI aKTHBHOCTI.

Ha ocHOBI KoMIIIEKCHOTO aHalizy 6io-
XIMIYHUX Ta PHOHHUIIBKO-010J0TTYHUX TTO-
Ka3HUKIB JIOBEACHO, 110 cXema 30araueH-
Hsl, 3aCTOCOBaHAa y JNOCHiaHIN rpymi Ne 1,
€ TEeXHOJIOT1YHO JTOLUIbHO0, Halle(heKTHB-
HIIIOK0 Ta MOXKE OyTH BHKOPUCTAaHA IS
BIIPOBA/DKEHHSI y IPOMHCIIOBE OCETpIB-
HUITBO. 3a3Ha4YeHa KOHIEHTpAIlisl eKC-
MEPUMEHTAIBHOT CUHOIOTHYHOI J100aBKH
3a0e3nedye MaKCUMalbHO BHCOKY IHTEH-
CHUBHICTh POCTY Ta BH)KHMBAHICTh MOJIOJI
0e3 3aTy4eHHs JOJAaTKOBUX CHEPTeTUIHUX
pe3epBiB OpraHisaMy Ha KOMIICHCATOPHY
nepeOynoBy GpepmeHTaTHBHOI TaHKH AOC.
Haromicth, cxemy 30aradeHHsi, BUKOPH-
CTaHy y AOCHimHINA rpym No 2, JOmiIbHO
PO3IJISIIATH SIK aIATOTCHHY Ta MepeBipu-
TH i e()eKTUBHICTH MiJ Yac IiABHIICHO-
r0 PHU3UKY BHHUKHCHHS OKCHIATUBHOTO
crpecy. [lomanpir HayKoBi JOCTiIKEHHS
CITiJ] CTIPSIMYBATH Ha KOMIUIEKCHE BHBYCH-
HSI TICTOCTPYKTYpPH KHIIIEYHUKA JJIsl BCTa-
HOBIIEHHSI MOP(OMETPHUYHUX 3MiH BOPCH-
HOK, CIIITEIII0 Ta CIM30BOro Oap’epa 3a mii
CUHOI10THYHOI J0OABKH.

KOH®JIIKT IHTEPECIB

V wiit poOoTi KOH(IIIKT IHTEPECiB aBTO-
PiB BIJICYTHIH.
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