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Purpose. The aim of this study was to assess
the effect of a preparation of shiitake (Lentinula
edodes) mushroom on the early stages of devel-
opment of Russian sturgeon in terms of growth
rate, survival and activity of enzymes that play an
important role in the development of the overall
resistance.

Methodology. The object of the study was
Russian sturgeon (Acipenser gueldenstaedtii
Brandt, 1856) juveniles, which were grown for 28
days in tanks at a stocking density of 800 ind./m?.
Enrichment of nauplii for feeding two experimen-
tal groups was carried out at the rate of 5 mg/g
and 35 mg/g, respectively. For the control group
—no enrichment was done. The daily growth rate
and cumulative survival rate of sturgeons were
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Mema. OyiHumu enaus npenapamy 3 2pu-
6a wuimake (Lentinula edodes) Ha paHHi emanu
pO38UMKY pyCbKO20 0ocempa 3a weudKicmio poc-
my, 8UIKUBAHICMIO MA GKMUBHICMIO eH3uMis,
AKi 8idizparome 8axcausy posb y opmMyeaHHi
302a/16HOI onipHOCMI Op2aHi3my.

Memoduka. 06’ekmom docnidnceHHA
byna mMmonodb pycbkozo ocempa (Acipenser
gueldenstaedtii Brandt, 1856), ska supowysana-
ca 28 0i6 y 6aceliHax 3i wjinbHicmto 800 eK3./m>.

36aza4yeHHs Haynnili 0aa 2o00ieni ocobuH
0sox 00cnioHUXx 2pyn 30ilicHI8an0Ch i3 po3pa-
XyHKY 5 ma 35 me/2 8idnoeioHo. [11a KOHMposb-
Hoi 2pynu 36az2a4eHHsA He NpPoe8oounocs. Busyanu
dobosuli memn pocmy ma KymyasamueHy UM u-
8aHicMb ocempig. AKMUBHiCMb eH3UMi8 8U3Ha-
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studied. Enzyme activity was determined in the
supernatant of intestinal homogenate. o-Am-
ylase activity was determined by the Caraway
method. Alanine aminotransferase activity was
determined by the Reitman-Frenkel method.
Alkaline phosphatase activity was determined by
reaction with phenylphosphate. Numerical ma-
terial was processed using variational statistics
methods using MS Excel and Statistica 12.0.

Findings. The use of a Lentinula edodes
preparation led to an increase in the average
body weight of Russian sturgeon at the end of the
experiment by 27.4%. In the last week of the ex-
periment, the growth rate in the first and second
experimental groups was 1.5 and 1.6 times higher
than the control, respectively. Cumulative surviv-
al rate over 28 days of the experiment was 31.7%,
47.3%, and 85.0% in the control, first, and second
experimental groups, respectively. After 28 days
of the experiment, alkaline phosphatase (ALP)
activity in intestinal tissues was higher in both
experimental groups by 2.13 and 4.53 times, re-
spectively (p < 0.05). Probable changes in alanine
aminotransferase (ALT) activity were observed
in the first and fourth weeks of the experiment.
Transamination activity in experimental groups
No. 1 and No. 2 was 16.5% and 36.5% higher, re-
spectively, compared to the control group. After
28 days, an increase in the activity of hydrolyt-
ic processes was observed in both experimen-
tal groups, exceeding the values in the control
group by 2.6 times and 9.6 times, respectively.
These values coincide with the processes of active
growth of the sturgeon body. As a result of using
the shiitake preparation for 28 days, homeostasis
maintenance becomes more stable due to replen-
ishment of the energy pool of sugars, as well as
activation of transferases, which increases the
body’s stress resistance.

Originality. For the first time, the impact of
shiitake mushroom on growth rates, survival, and
activity of enzymes — transferases and hydrolas-
es, which play an important role in the formation
of the overall resistance of the Russian sturgeon
body in the early stages of its development was
assessed.

Practical Value. The results obtained contrib-
ute to the improvement of the technology of grow-
ing sturgeon fish juveniles. The use of this data will
allow increasing the productivity of cultivation and
obtain high-quality, healthy sturgeon stock.

Keywords: shiitake, sturgeon, RAS, cultiva-
tion productivity, resistance, transferases.

4anu 8 cynepHaMaHmMi 20Mo2eHamy KUWeYyHUKa.
AKMUBHICMb  Q-aMinasu 8usaendnu Memooom
Kapases, anaHiHamiHompaHcgepasu — memo-
dom PalimmaHa-®peHKena. AKmusHicme ayH(-
Hoi' hocchamaszu 0ocnioxysanu 3a peakuicro 3
geHindpocchamom. Lugposuli mamepian onpa-
ybosysasnu memodamu eapiayiliHoi cmamucmu-
KU 3 8UKopucmaHHam npozpam «MS Excel» ma
«Statistica 12.0».

Pe3ynbmamu. 3acmocysaHHA npenapamy 3
epuba Lentinula edodes npuseno do 36inbweHHA
cepedHbOi Macu mina pycbKo2o ocempa 8 KiHyi
ekcriepumeHmy Ha 27,4%. B ocmaHHili muxodeHo
docnidy memn pocmy y nepwili ma opyeili docnio-
Hux epynax bys suujum 8i0HOCHO KoHmMporio 8 1,5
i 8 1,6 paza 8i0nogioHo. KymynamusHe 8uxusaH-
HA npomsazom 28 0ib eKcrnepumeHmy cmaHo8us0
y KOHMponoHill, nepwili ma opyeili docniOHuUx epy-
nax 31,7; 47,3 ma 85,0% sionosioHo. licasa 28 0i6
eKcrepumeHmy aKmueHicme say#cHoi gpocchamasu
(ALP) y mKaHUHax Kuwe4YHuKa byana suujoro 8 060x
docnioHux epynaxy 2,13 ma 4,53 pasa 8idnogioHo
(p < 0,05). BipoeidHi 3miHU 8 akmugHOCMI anaHi-
HamiHompaHcgepasu (ALT) nomimHo 8 nepwuli
ma yemesepmuli muxoeHb 00cnidy. AKmusHicmeo
mpaHcamiHysaHHA 8 0ocnioHux epynax Ne 1 ma
Ne 2 gussunacs suworo Ha 16,5 ma 36,5% sidHoc-
HO KOHMpOsbHoI 2pynu. lMicna 28 0i6 cnocmepiza-
710CA1 3POCMAHHA MOKA3HUKI8 aKmueHocmi 2iopo-
AIMUYHUX npouyecie y 060x 00CIOHUX 2pynax, Wwo
nepesuwyromo 3HaA4YeHHA 8 KOHMPOsbHIl epyni
y 2,6 ma y 9,6 paza 8i0noeioHo. L|i MoKasHUKu
sidnosidaromes npouecam aKmugHo20 pocmy op-
2aHiamy ocempa. B pesynemami 3acmocysaHHs
npenapamy 3 epuba wuimake npomsazom 28 0i6
nidmpumarHA 20Meocmasy cmae cmabinbHiwum
30 POXYHOK [OMNOBHEHHA eHepaemu4yHo20 ryny
uyKpis, @ makoxc akmusizauii mpaHcgepas, wo
niosuwye cmpecocmilikicme opaaHiamy.

Haykoea Hosu3Ha. Briepwe nposedeHo oyiH-
Ky enausy 2puba wuimake (Lentinula edodes)
HQ MOKA3HUKU pOCMY, 8UXUBAHICMb ma aKkmue-
Hicmb eH3umie — mpaHcgepas ma 2i0ponas, Aki
gidicparome 8ax(UBYy POsab y OPMY8aHHI 3a-
20/16HOI ONipHOCMI OpP2aHi3My pycbKo20 ocempa
Ha paHHix emanax {io2o po36umky.

MpakmuyHa 3Ha4yumicme. OmpumaHi pe-
3ynemamu  crpuslome YOOCKOHAGAEHHIO Mmex-
Hos02ii 8UpPOWYB8aHHA Mos00i ocemposux pub.
3acmocysaHHA yux daHux 00380aUMb Mid8UU4U-
mu npodyKMuBHICMb 8UPOWYBAHHA MA OMPUMQ-
mu AkicHuli, 30oposuli 3apubok ocemposux pub.

Knawuosi cnoea: wuimakxe, ocempu, PAC,
MPOOYKMUBHICMb  8UPOWYBAHHA,  OMipHicMe,
mpaHcgepasu.
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PROBLEM STATEMENT
AND ANALYSIS OF LAST
ACHIEVEMENTS AND
PUBLICATIONS

Growing sturgeon juvenile using mod-
ern technological approaches is accom-
panied by stress, which negatively affects
the overall physical condition, which is
accompanied by a number of diseases
and increased mortality [1-4]. Among the
main stress factors are high stocking den-
sities, the use of feeds with components
that are not traditional for sturgeons, nu-
merous manipulations during the growing
process, etc. In this regard, constant scien-
tific efforts are aimed at finding ways to
strengthen the homeostasis of the sturgeon
juveniles and increase their innate resist-
ance potential [5, 6].

The use of biologically active prepara-
tions especially, at an early age, promotes
the growth of the body and increases the
viability of sturgeons juveniles due to the
normalization of metabolic processes [7,
8]. In order to strengthen the nonspecific
immunity of fish, B-glucans, which are part
of the cell walls of some plants, bacteria,
algae, yeasts and higher fungi, are used
in aquaculture [9, 10]. Due to their wide
spectrum of biological activity, B-glucans
of higher fungi are the most versatile me-
tabolites and are considered as stimulators
of cellular immunity and anti-stress drugs
[11]. Among the latter, the immunomodu-
latory and antitumor functions of lentinan,
D-fraction and schizophyllin, which are
obtained from the mushrooms Lentinula
edodes, Grifola fromdosa and Schizophyl-
lum commune, respectively, have been
confirmed [12, 13]. Polysaccharides ex-
tracted from the fruit bodies of the mush-
room Paxillus involutus exhibit significant
antioxidant activity against hydroxyl and
superoxide radicals, enhance the release of
tumor necrosis factor TNF-a and interleu-
kin IL-6 in immunocompetent cells [14].
The use of B-glucans in intensive feeding

MOCTAHOBKA NMPOBJEMMU
TA AHAJII3 OCTAHHIX
TOCJIIPKEHD T MMYBJIKALIII

BuporryBaHHs MOJIOZi OCETPOBHX pUO i3
3aCTOCYBAaHHSAM CYYaCHHUX TEXHOJOTIYHHX
MIIXO/IiB CYMPOBOIKYETHCS CTPECOM, KUt
HETaTHBHO ITO3HAYAETHCSI HA 3aralIbHOMY
(hi3MYHOMY CTaHi OpraHizMy, L0 CYIPOBO-
JUKYETHCSI HU3KOIO XBOPOO Ta IMiIBUIIIEHOO
cMmeptHicTiO [1-4]. Cepen ToOBHUX YWH-
HUKIB CTPECy € BUCOKI IIIILHOCTI MOCAJIKH,
3aCTOCYBaHHS KOPMIB 13 HETpaJUIiHHUMH
IUTSL OCETPiB KOMIIOHEHTAMH, YHCIICHH] Ma-
HINynsii B mpoleci BUPOLILYBaHHS TOLIO.
VY 3B’s13Ky 3 UM, TIOCTiiHI HAyKOB1 3y CHILIS
CHpsSMOBaHI Ha MOIIYK NUIAXIB MiATPHUMaH-
HS TOMEOCTa3y OpraHi3aMy MOJIONI OceTpa
Ta MiBUIICHHS HOTO BPOIKEHOTO OMipHO-
ro moreHmiany [5, 6].

BcranoBneHo, 1mo  3acTOCYBaHHS,
0COONIMBO B paHHBOMY Billi, OioyIOTiv-
HO-aKTHBHUX TMPEMAapaTiB CIPHUIE POCTY
OpraHi3My Ta MiJBUIIYE XHUTTECTIHKICTH
MOJIOZIi OCETPOBUX PUO 3aBASAKH HOpMAaJi-
3amii oOMiHHHX TporieciB [7, 8]. 3 mMeToro
MocuiieHHsI Hecneun}ivyHoi TaHKK iMyHi-
TETy puO B aKBaKyJIBTYpPi 3aCTOCOBYIOThCS
B-mimrokaHM, IO BXOAATH IO CKIAmy KiIi-
THHHUX CTIHOK JICIKHX POCIHH, OaKTepi,
BOJIOPOCTEH, JIPIKIDKIB Ta BUIUX TPUOIB
[9, 10]. 3aBasiKK MUPOKOMY CIEKTpY 0i0-
JIOTIYHOI aKTUBHOCTI [-TJIFOKAaHU BUIIUX
rpu0iB € HailyHiBepCcaNbHIIINMU MeTabo-
JITaMU 1 PO3NIAAAIOTHCS K CTUMYJISITOPU
KIITHHHOTO IMYHITETy Ta aHTHCTPECOBI
npenaparu [11]. Cepen octanHiX miaTBEp-
JOKeHI IMYHOMOJYJIOBAJIBHI Ta TIPOTH-
myxXJuHHI QyHKUIT JeHTuHany, J-ppakuii
Ta MU30QUIIHY, SKi OTPUMYIOTH 3 TpH-
0iB Lentinula edodes, Grifola fromdosa
ta Schizophyllum commune BiINOBIITHO
[12, 13]. Ilomicaxapuau, eKCTparoBaHi 3
IIOM0OBUX Tin rpuba Paxillus involutus,
BUSIBISIIOTh 3HAYHY AHTHOKCUIAHTHY aK-
THUBHICTh TIPOTH TIAPOKCHIBHHX Ta CY-
MEPOKCUAHUX  PAAUKANIB, TMOCHIIOIOTH
BHUBUTbHEHHS (DaKTOpa HEKPO3y IyXJIHH
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of Nile tilapia (Oreochromis niloticus Lin-
naeus, 1758) showed positive results in
strengthening nonspecific resistance [15].
The use of lentinan as a feed additive for
taimen (Hucho taimen Pallas, 1773) al-
lowed significantly increasing the antioxi-
dant and anti-inflammatory response of the
intestine by activating key enzymes — su-
peroxide dismutase, catalase, glutathione
peroxidase, as well as stimulating its in-
nate immune system [16].

Studies in this area have great potential
for expansion, as it underpins preventive
measures and has an economic rationale.

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

Despite numerous studies of the effects
of polysaccharides and other macromole-
cules on the state of the fish grown in inten-
sive aquaculture conditions, there are few
works related to the use of extract from the
fruit bodies of the shiitake mushroom (Len-
tinula edodes). A number of properties of the
latter are interesting given the importance of
studying the mechanisms and principles of
activating growth processes and increasing
nonspecific resistance of sturgeons. Such sci-
entific developments are especially relevant
during the early ontogenesis of these fish,
when their body is under stress as a result of
metamorphic changes during maturation.

The aim of this work was to evaluate
the effect of a preparation of the shiitake
mushroom on the growth parameters of
Russian sturgeon juvenile’s survival and
activity of enzymes that play an important
role in the development of the general re-
sistance of the Russian sturgeon in the ear-
ly stages of development.
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TNF-a Ta iaTepinelikiny IL-6 B iMyHOKOM-
MEeTeHTHUX KiiTuHax [14]. 3acTocyBaHHA
B-rorokaHIB B IHTEHCHBHIM TOMIBII HJIb-
cekoi Tuismii (Oreochromis niloticus Lin-
naeus, 1758) mokaszayio Mo3UTHBHI pe3yib-
TaTU B HANPSMKY 3MiI[HEHHs Hecnenudiy-
HOI pe3ucTeHTHOCTI [15]. BukopucranHs
JIEHTUHAHY SIK J0OaBKHU 10 KOPMY TaliMeHs
(Hucho taimen Pallas, 1773) no3Bonnio
MOMITHO 30UTBIINTH AHTHOKCHUAAHTHY Ta
MpOTHU3aMaibHy BIANOBIAI  KUIICYHUKA
IUISIXOM aKTHBAIll KIIFOUOBUX CH3UMIB —
CYNEpOKCUIINCMYTa3H, KaTalasu, TIyTa-
TIOHIEPOKCUAA3H, & TAKOXK CTUMYIIOBATH
HOro BpO/KeHY IMyHHY cucTeMy [16].
JlocmipKkeHHs y 1IbOMY HAIpsIMKY Ma-
IOTh BEJMKHHN ITOTEHIIA VIS PO3IIMPEHHS,
OCKLIBKH JIEXATh B OCHOBI MPO(iTaKTUIHUX
3aXOJIiB 1 MalOTh CKOHOMIYHE MiATPYHTS.

BUAIVIEHHSA HEBUPIIIEHUX
PAHIIIE YACTHUH 3ATAJIBHOI
INPOBJEMMHU. META POBOTH

[Torpu uncneH 1 JOCTiKSHHS BIUTUBY
nojricaxapuiB Ta IHIIMX MaKpOMOJIEKYI
Ha CTaH OpraHi3My pHUO, SIKi BUPOIIYIOTh-
Cs B yMOBaxX IHTCHCHBHOI aKBaKylIbTypH,
icHye HeOarato poOiT, TOB’s3aHUX i3 3a-
CTOCYBaHHSIM EKCTPAKTy 3 IUIOMOBHX TN
rpuba muitake (Lentinula edodes). Huzka
BIIACTHBOCTEH OCTaHHBOTO € I[IKAaBOIO 3
OISy Ha BXKJIMBICTh BUBUCHHS MEXaHi3-
MiB Ta TIPUHIUIIB aKTHBi3alii pPOCTOBHX
MPOIECiB Ta TMiABHIICHHA Hecmenupiv-
HOI pe3UCTeHTHOCTI oceTpiB. OcobauBO
aKTyaJhbHHMH € TaKi HayKOBI poO3poOKH
B IEPioJ] paHHBOTO OHTOTEHE3y IUX PHO,
KOJIM iXHI opraHi3M 3a3Hae CTpecy B pe-
3yabTaTi MeTaMop(O3HUX 3MiH B Mpoleci
JTO3piBaHHS.

Meroto wi€i podotu Oyna oliHKa BILIU-
By Ipemapary 3 rpuba muiTake Ha II0-
Ka3HUKH POCTY MOJIOAI PYCBKOTO OCETpa,
BW)KMBAHICTh Ta aKTUBHICTH €H3UMIB, SIKI
BIJIIrpalOTh BXJIMBY POJib Y GOpMyBaHHI
3araJibHOI OIIPHOCTI OPraHi3My PyCBHKOTO
oceTpa Ha paHHIX eTamax PO3BHUTKY.
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MATERIALS AND METHODS

The object of the study was Russian
sturgeon juveniles (Acipenser gueldens-
taedtii Brandt, 1856), which were obtained
from fertilized eggs in the recirculating
aquaculture system (RAS) of the Lviv Re-
search Station of the Institute of Fisheries
of the NAAS. Three groups of pre-larval
fish were formed, 1000 individuals each,
which were stocked for cultivation in sep-
arate tanks with a stocking density of 800
ind./m?,

The subject of the study were the pro-
ductive and biochemical parameters of the
Russian sturgeon juveniles grown in a RAS
with the addition of dried fruit bodies of
shiitake mushrooms to the diet. The latter
contain a number of biologically active sub-
stances, the key among which is the poly-
saccharide lentinan, which makes up about
30% of the total weight of the fruit body.

For cultivation, exclusively live food
was used — brine shrimp (4rtemia salina)
nauplii, which were in the first and second
stages of development. Feeding was done
six times a day. Live feed enrichment was
carried out using the same method used to
create concentrate and enrich rotifers and
nauplii, with our modification [17, 18].
Pre-dried and crushed fruit bodies of shi-
itake mushroom (Lentinula edodes) were
ground to a flour-like state and added to
the enrichment solution. Prey organisms
for the first experimental group were culti-
vated in a solution prepared at the rate of 5
mg of dry mushroom preparation per 1 g of
artemia (experiment 1). For experimental
group No. 2 (experiment 2), an enrichment
substrate was prepared similarly at the rate
of 35 mg of the preparation per 1 g of Ar-
temia nauplii. The control group (control)
consumed Artemia nauplii that were cul-
tured without the addition of the test prepa-
ration. The duration of enrichment was 6
hours at a temperature of 7.0+1.0°C. The
experiment was conducted for 28 days.
The temperature regime was maintained

MATEPIAJIM TA METOAN

OO0’exToM gocmipkeHHA Oyma  Mo-
Joxbp  pycekoro  ocerpa  (Acipenser
gueldenstaedtii Brandt, 1856), saxy oTpu-
MaJId 13 3aIUTiHEHOT iIKpH B PEIUPKYJIs-
uiiHiil axBakyneTypHiii cuctemi (PAC)
JIeBiBCHKOI nocainnoi cranmii IPT" HAAH.
Byno chopmoBano Tpu rpynu 3 mepeiu-
giHOK pub (1o 1000 ek3. B KOXHiH), 1M0-
Ca/DKCHUX Ha BHPOIYBAaHHS y OKpeMi Oa-
celinu 31 mueHIicTIO 800 ex3./M>.

[IpeameToM st IOCHIMIXKEHb CTANA
PUOHHUIIBKI Ta 610XIMIYHI TOKa3HUKH OpTa-
Hi3MY MOJIOJIi PyCBKOTO OCETpa, SIKY BUPO-
nryBaiu B PAC i3 monaBaHHSIM IO paiioHy
BUCYIICHHX IIOMOBHX Ti rpuba muiTake.
OcTaHHI MICTATh HU3KY OIOJOTIYHO aK-
TUBHHUX PEYOBHH, KIFOYOBOIO CEPEl SIKMX
€ TIoJTicaxapul JICHTHHAH, SIKHI CTAaHOBUTH
6mu3pko 30% 3aranbHOT MacH IJI0A0BOTO
Tina.

Jdns  BUpOLIyBaHHS 3aCTOCOBYBAIU
BHKITIOYHO JKUBUH KOpM — HayIuIii apre-
Mii (Artemia salina), siKi 3HaXOAUITUCS Ha
mepiii Ta Apyrid cTamisx po3BHUTKY. o-
JIBJIIO 31MCHIOBANIM LIICTh pa3iB Ha J00Y.
30arayeHHsl KUBHUX KOPMIB BifOyBamocs
32 METOJIUKOIO, IO 3aCTOCOBYBANACS IS
CTBOPEHHSI KOHIICHTpATy 1 30ara4eHHs KO-
JIOBEPTOK Ta HAyIUTIH, 3 HAIIOW Monudi-
kariero [17, 18]. [TonepenHpo BUCYIIEHI i
noJpiOHeHi IUIOA0BI Tila rpuba MIHiTaKe
MepeTupaIi Jo OOPOIIHOMOAIOHOTO CTa-
HY 1 BBOIWIH J0 PO3YUHY JJsl 30araveH-
Hs1. KopMOBi opraHizmMu ajis mepmioi Jio-
CIIJHOI TPYNH KyJIBTHBYBAIH B PO34YHMHI,
SIKM{ TOTYBaJIH 3 PO3PaxyHKY 5 MI' CyXOTro
npenapary rpuba Ha 1 r apremii (mocmia
1). JIns mocmigroi rpymu Ne 2 (mocmiz 2)
QHAJIOTIYHO TOTYBalM 30aradyBallbHHUL
cyOcTpar 3 po3paxyHKy 35 MTr mpernapary
Ha | r Haymii apremii. KoHTponbHa rpy-
na (KOHTPOJb) CIIOXKHBAJIA HAyIUIii apTe-
Mii, SKHX KyJIbTHUBYBaJH O€3 IOIaBaHHS
JIOCITITHOTO Tpernapary. TpuBaiicTs 30ara-
YEeHHS CTAHOBMJIA 6 TOJ IPU TeMIeparypi
7,0+£1,0°C. Excnepument TpuBaB 28 mi0.
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at 17.0+1.5°C. The hydrochemical regime
met the necessary requirements for grow-
ing sturgeons.

During cultivation, productive parame-
ters such as daily growth rate and survival
were studied. They were calculated using
the formulas below:

LnW, —LnW
SGR = f
where SGR — growth rate (%/day),W,
— final weight (g); W — initial weight (g);
t — period of time (day).

%100,

t

SR=

%100,

Wher(é: SR — survival rate (%), N, — fi-
nal number of fish (specimens); N — initial
number of fish.

After the intestines of larvae and fry
were collected, the samples were frozen in
liquid nitrogen. After defrosting, the tissue
was homogenized in Ringer’s solution for
cold-blooded animals and centrifuged at
10g for 15 min. Enzyme activity was de-
termined in the homogenate supernatant.
a-Amylase activity was determined by
the Caraway method [19]. Alanine ami-
notransferase activity was determined by
the Reitman-Frenkel method [20]. Alka-
line phosphatase activity was determined
by reaction with phenylphosphate [21].

Numerical material was processed us-
ing variational statistics methods using MS
Excel and Statistica 12.0. The probability
of differences in results was determined
using one-way analysis of variance (ANO-
VA) using Tukey’s test. The normality of
the data distribution was determined us-
ing the Kolmogorov-Smirnov and Shap-
iro-Wilk criteria.

STUDY RESULTS
AND THEIR DISCUSSION

The results of the growth dynamics of
the average weight of sturgeon juveniles
under the action of the shiitake mushroom
preparation are presented in Figure 1.

During three weeks of exogenous
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TeMriepaTypHHUIA PEXKUM MTIATPUMYBAITH Ha
piBHi 17,0+1,5°C. I'igpoxiMiuHUil pexxum
BIAMOBIIaB HEOOX1AHUM BAUMOIaM Ul BU-
POIIYBaHHS OCETPOBUX PHO.

[IpotsiroM BUpOLTYBaHHS BUBYAIH TaKi
PUOHUIBKI TTOKa3HUKH, K JOOOBHU TEMII
POCTy Ta BUKHBAHICTB. IX BHpPaxoByBalll
3a (hopMynaMu, HaBEJCHUMH HIDKYE:

LnW, —LnW

SGR = %100,

ne SGR — Temn pocty (%/n00y), W,
— Kinnesa Mmaca (r); W — nodarkosa
Maca (T); t — mepiox yacy (1i0).

t

SR =

x100,

0
ne SR — BwxuBaHicTh (%), N, — KiH-

1€eBa KibKICTh pu0 (€k3.); N — mouarko-
Ba KIJIBKICTh pHO (€K3.).

ITicnst BinOOpY KUIIEUHMKIB JIMIMHOK Ta
MaJIbKIB, TIPOOHM TMiISTald 3aMOPOKEHHIO
B pigxomy azori. ITicmst medpocrartii TkaHu-
Hy TOMOTEHI3yBaJM B po3umHi PiHrepa mis
XOJIOMHOKPOBHUX Ta IIEHTpU(YyryBaM 3i
nBuKicTio 10g potsrom 15 XB. AKTHBHICTB
CH3VMMIB BU3HAYaJIM B CyIIEpHATaHTi rOMOre-
Haty. AKTHBHICTb (i-aMiJIa31 BUSIBJISUTA METO-
nom Kapagest [19], ananinamiHoTpancdepazu
— metonoMm Paiitmana-®penkenst [20]. Ak-
TUBHICTb JIyHOI (poctharasu nocmimKyBamm
3a peakiiero 3 periadocharom [21].

Iudposuit MaTepian onparbOByBaIN
METOlaMH BapiallifHOI CTaTUCTUKH 3 BHU-
KopucTtaHHaM mnporpam «MS Excel» Ta
«Statistica 12.0». BiporiaHicTh BiIMiHHO-
CTi pe3yJIbTaTiB 3’ SICOBYBAIIH 32 JOTIOMOT0I0
OIMHO(AKTOPHOTO JUCIEPCIHHOTO aHAII3Y
(ANOVA) i3 3acTocyBaHHSIM KpUTEPIIO
Teroki. HopMadbHICTE pPO3MOAUTY JaHUX
BU3HAYaJIM 3a JOMOMOroro KputepiiB Koin-
MoropoBa-CmipHosa Ta [llamipo-VYinka.

PE3YJIBTATHU JOCJIIIKEHb
TA IX OBTOBOPEHHS

PesynpraTu AMHAMIKH POCTy cepen-
HBOI Macu MOJIOZI oceTpa 3a Aii mpema-
pary 3 rpuba muiTake IpPEACTABICHO Ha
pucyHky 1.
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21 28 days

Fig. 1. The dynamics of Russian sturgeon weight gain when using the shiitake
mushroom Lentinula edodes preparation in their diet, g
Note. * — the difference is significant at p < 0,05.

feeding, there was no significant differ-
ence between the average weights of two
experimental and control groups of fish.
However, after 21 days, the growth rate of
fish in both experimental groups increased,
leading to an increase in their average
body weight at the end of the experiment
by 27.4%. No significant difference was
found between the average weights of fish
in the two experimental groups. A graphi-
cal representation of the dynamics of the
growth rate of Russian sturgeon juveniles
under the effect of the shiitake mush-
room preparation is shown in Figure 2.
In the first week of exogenous feeding, a
decrease in growth rates was observed in
both experimental groups, and there was a
tendency to a decrease in the growth rates
of sturgeon in the first seven days of ex-
perimental feeding with an increase in the
concentration of the experimental prepara-
tion. For example, the average daily gain
per week in experimental group No. 1 was
20.4%/day, in experimental group No. 2 —
15.08%/day, while in the control group it
was 23.5%/day. Lower values of this pa-
rameter in the experimental groups during
this period may be associated with lower
search activity and capture of prey organ-
isms.

The latter, after enrichment, received
a new specific taste and smell, typical for
the mushroom. Apparently, the duration

[IpoTsaroM TPHOX THXKHIB €K30T€HHOTO
JKUBIICHHS HE BUSIBICHO BipOTiIHOI pi3-
HULI MK CepeHIMH MacaMu 3 ABOX JIO-
CIITHUX 1 KOHTPOJBHOI rpymnu pud. [IpoTe,
micnst 21 go6u temru pocty pub B 000X
JOCTITHUX TPpyHax 3pOCHH, IO MPHUBEIO
10 301NBLIEHHS CEpeAHbOI Macu ix Tija
HaINpHKIHI ekcrepuMeHTy Ha 27,4%. Bi-
porigHOI BiIMIHHOCTI MIXK 3HA4YCHHSIMH
CepeHbOi Mach pUO IBOX OCIITHUX IPYII
HE BHSIBIICHO.

I'pacdiune 300pakeHHs] TUHAMIKH TEM-
My POCTY MaJIBKIB PYCHKOTO OCETpa Iif
JIEI0 TIperapaTy rpuda MmuiTake MoKa3aHo
Ha PUCYHKY 2. B mepumuii THXaeHb eK30-
TEHHOTO JKUBJICHHS IIPOCIIIKOBYBAJIOCS
3HIKEHHS TEMIIiB POCTy B 000X JOCIif-
HUX TIpylax, HOpUIOMY CIIOCTepiragacs
TEHJICHIIIST O 3HIKEHHS TEMIIIB DPOCTY
oceTpa B IepIIi CiM J1i0 eKCIIepUMEHTaNb-
HOT TOAIBII 3 MiJBUIICHHSIM KOHIICHTpAITii
nocinHoro mpenapary. Tak, cepeaHboI0-
OOBWIA MPUPICT 3a THKJEHL B JOCIITHIN
rpymi Ne 1 cranoBuB 20,4%/mo0y, B mo-
cainnii rpymi Ne 2 — 15,08%/100y, y Toii
Yac siK B KOHTPOJIbHIN TPYIIi BiH CKJIa/IaB
23,5%/n00y. Huxui 3Ha4eHHS TaHOTO T10-
Ka3HHKA B JOCITHUAX TPyIIax y e mepiox
MOXYTb OyTH MOB’s3aH1 3 HUKYOIO TOIITY-
KOBOIO aKTHBHICTIO 1 3aXOIJICHHAM KOPMO-
BUX OPraHi3MiB.

OcrtanHi micis 30arayeHHsl OTPUMYBa-
7Y HOBI cnieniuiuHi cMak Ta 3amax, Xxapak-
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Fig.2. The dynamics of average daily growth rates of Russian sturgeon when
using the shiitake mushroom Lentinula edodes preparation in their diet (%/day)
Note. * — the difference is significant at p < 0,05.

of habituation was limited to seven days,
since in the next week of the experiment,
the growth rate in the experimental groups
began to increase. A significant increase
in growth rates was observed in both ex-
perimental groups, and this value was 1.1
times higher in the experimental group 1
than in the control group, and in the sec-
ond group — 1.3 times higher (p < 0.05).
In the third week of exogenous experimen-
tal feeding, the growth rate of fish in the
experimental groups practically equalized
with that in the control group. However, in
the last fourth week of the experiment, the
growth rate in the first and second experi-
mental groups was 1.5 and 1.6 times high-
er than the control, respectively.

Thus, it can be stated that the use of
a shiitake mushroom preparation at an
amount of 35 mg/g for 28 days contributed
to the efficiency of feed absorption, which
positively affected the growth rate and in-
crease in the average weight of fish in both
experimental groups.

Cumulative survival rate over 28 days
of the experiment was 31.7% in the con-
trol group, 47.3% in the first experimental
group, and 85% in the second experimen-
tal group. In this experiment, a dose-de-
pendent increase in the viability of stur-
geon juveniles was observed depending on
the content of the preparation in its diet.
Apparently, biologically active substanc-
es, in particular lentinan, contribute to the
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TepHi Juisi Tpuba. OUeBUIHO, TPHUBATICTD
3BHKaHHS 00MEXyBajack ciMoMa 1o6amu,
OCKIJIbKM B HACTYITHUH THXKICHb CKCIIe-
PUMEHTY IIBHUAKICTE POCTY B IOCTiI-
HUX Tpylax movanga 3pocrard. BiporimHe
3pOCTaHHS TEMITIB POCTY HPOCIiIKOBYBa-
JI0Ch B 000X AOCHIAHUX Tpymax, MPHYO-
My B JochimHid rpym Ne 1 15 BelnduHA
€ OUIBIIOI0 BITHOCHO KOHTpPOJBHOI B 1,1
pasa, a B apyriit — B 1,3 paza (p < 0,05).
Ha Ttperiit THXIEHb €K30T€HHOI eKCIIepH-
MEHTAJIbHOT TOAIBII IHTEHCUBHICTh POCTY
pub y MOCHIAHUX rpyrax MPaKTHYHO BHU-
PIBHSIACH 3 TAaKOK B KOHTPOJBHIN rpymi.
IIpote, B ocTaHHii, 4eTBEpTHIl THXKICHb
EKCIIEPUMEHTY TEMII pOCTYy y HepIIiii Ta
JIpyTiil TOCHiAHUX Tpymax BUSBUBCSA BH-
MM BIJTHOCHO KOHTpOJIrO B 1,51 B 1,6 paza
BiZITOBigHO.

TakuM YHHOM, MOXKHA CTBEPIDKYBa-
TH, 1110 3aCTOCYBaHHs Ipernapary 3 rpuda
muiTake B KUIBKOCTI 35 MI/T mpoTsAroM
28 nib crpusuio epeKTUBHOCTI 3aCBOEHHS
KOPMIB, 1[0 TO3UTHBHO BIUTMBAJIO HA TEMIT
pocTy Ta 301IBIICHHS CePEeAHBOI MacH puo
000X JTOCITHUX TPYII.

KyMmynsTvBHE BW)XHBAHHS MPOTATOM
28 nmib eKCIepUMEHTY CTaHOBWJIO Y KOH-
TpoJbHii Tpymi 31,7%, y nepuriid gocmi-
Hill rpymi — 47,3% Ta y Apyriit qociHIA
rpym — 85%. Y 1poMy eKCHepHMEHTI
criocTepiranacsi 3aJieKHICTh 3pOCTaHHS
KHUTTECTIMKOCTI OpraHi3My MOJOMAiI Oce-
Tpa BiJ BMICTY Ipenapary y Woro parioHi.
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strengthening of the stabilization of the
homeostatic processes in the body, which
allow better coping with the stress caused
by the intensification of cultivation. These
findings are consistent with the results of
studies of this preparation on other fish
species. In particular, its use as a feed ad-
ditive in the amount of 100 pg/cm® when
growing juvenile taimen increased the
antioxidant and anti-inflammatory capac-
ity of the intestine, enhanced the activity
of superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GPO), and
suppressed lipid peroxidation, which as a
result increased their survival [16].

Analysis of the activity of enzymes
involved in phosphorus transport helps to
better understand the processes of acti-
vating the body’s nonspecific defences to
stabilize homeostasis. These processes are
controlled by alkaline phosphatase (ALP),
which plays an important role in fish skel-
eton mineralization and membrane trans-
port activity. The dynamics of the activity
of'this enzyme during the experimental pe-
riod is shown in Fig. 3.

Alkaline ALP activity is a marker of
phagocyte activation, as it is actively pro-
duced by monocytes, macrophages, and
neutrophils [22]. Using an example of
zebrafish (Danio rerio Hamilton, 1822),
the dependence of alkaline phosphatase
expression on the development of the in-
testinal microbiome was shown, since it
participates in the detoxification of the
toxic endogenous component of lipopoly-
saccharides of microorganisms that settle
on the intestinal brush border [23]. There-
fore, its activity indirectly indicates the ef-
fectiveness of the process of microbiome
development, the functioning of which
determines the overall resistance of the
fish body. As can be seen from the figure,
after seven days of experimental feeding,
alkaline phosphatase activity increases in
the tissues of sturgeon larvae from the first
experimental group. Obviously, increased

O4eBuIHO, O10JIOTIYHO aKTUBHI PEYOBUHH,
30KpeMa JIGHTHHAaH, CHpUSIOTh cTabifiza-
1ii TOMEOCTAaTUIHUX TPOIIECIB OPTraHi3MYy,
SIKi TO3BOJISIIOTH Kpallle J0JIaTH CTPEC, BU-
KIIMKaHWH iHTeHCH(]IKAIli€l0 BUPOIITYBaH-
Hs1. 1{i BUCHOBKH Y3TrO/KYIOTBCS 3 PE3YJib-
TaTaMu IOCIiKEHb TaHOTO Ipenapary Ha
iHmux BUAax pud. 30kpema, HOro 3acto-
CYBaHHS SIK KOPMOBOT T00ABKH B KIJIBKOCTI
100 pr/cM® mpu BUpOILIyBaHHI MOJIO/I Tail-
MeHs (Hucho taimen Pallas 1773) nigsu-
IIyBaJI0O AHTUOKCUIAHTHY, AHTHU3AMalbHy
30aTHICTh KHIIEYHHKA, ITiJICHIIOBAIO aK-
TUBHICTh cynepokcuagucmytazu (COZ),
katanasu (KAT), miryrarioHIepoKcHma3u
(I'TIO), a TakoX MPUTHIYYBAJIO MEPEKHC-
HE OKWUCHEHHS JMiAiB, 110 B pe3yibTari
3011bIIYBaI0 BUKHUBAHICT pub [16].

AHaJTi3 aKTUBHOCTI EH3UMIB, sIKi OEpyTh
y4acTh y TpaHcnopti ¢ocdopy, monoma-
rae Kparie 3p03yMiTH MPOIECH aKTHUBI3aIli i
HECMEeU(IUHOr0 3aXUCTy OpraHi3zMy Is
crabumizarii roMeoctasy. 3a Ii HpoIecH
BiJmoBinae dyxHa (ocdaraza (ALP), sika
BiJIiTpa€ BaXIIMBY POJIb y MiHepasi3arii
cKeneTy pub Ta MeMOpaHO-TPaHCHOPTHIM
aKTUBHOCTI. J[uHaAMika aKTUBHOCTI LIbOI'O
CH3UMY TMPOTATOM EKCIePUMEHTAIBHOTO
Mepioy IMoKa3aHO Ha PUCYHKY 3.

AxtuBHicTs ALP € MapkepoM akTuBa-
1ii (haroruTie, Yyepes T M0 BOHA aKTUBHO
MPOAYKY€EThCS MOHOLIUTAMHU, Makpodara-
MU Ta Hewtpodimamu [22]. Ha npuknami
nauio (Danio rerio Hamilton, 1822), Gyno
MOKa3aHO 3alIeKHICTh eKcIpecii JTyKHOi
¢docdarazu Bin GopmyBaHHS MikpoOiomy
KHINCYHUKA, OCKIJIBKM BOHA Oepe ydacTb
B JICTOKCHKAIIi TOKCHYHOTO CHJOTEHHOT'O
KOMITOHEHTY JIITOTIONicaxapuaiB MiKpOOp-
TaHi3MiB, IO MOCEIAIOTHCS Ha IIITKOBIH
00/sIMIBIII KHIIIeYHMKa [23].

3 wmi€l mpu4MHY, ii aKTUBHICTH OMOCe-
PEIKOBAaHO CBIMYUTH TIPO €(HEKTHBHICTD
mpouecy (opmyBaHHA MiKpoOioMy, Bix
(YHKITIOHYBaHHS SIKOTO 3aJIC)KHTh 3arajibHa
OMipHICTh OpranizMy pu6. Sk BumHO 3 pu-
CYHKa, TICIIs CeMU Ji0 eKCIIepUMEHTAILHOT
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Fig. 3. The Alkaline phosphatase activity of digestive system tissues of larvae and
fingerling of Russian sturgeon under the effect of the shiitake mushroom Lentinula

edodes preparation

Note. * — significantly difference from the control group at p < 0,05.

activity may indicate activation of phago-
cytosis, as one of the key mechanisms of
innate immunity.

After 28 days of the experiment, the
activity of this enzyme in the tissues of
the digestive tract increased in both exper-
imental groups by 2.13 and 4.53 times, re-
spectively (p < 0.05), which indicated ac-
tive metabolic changes in the body aimed
at maintaining homeostasis. Although, at
first glance, the picture may resemble a tox-
icological effect, the mechanism of the lat-
ter is reflected in a much larger amplitude
of changes in enzyme activity, as shown
by the example of the toxic effect of the
herbicides Paraquat and Cypermethrin on
African sharptooth catfish (Clarias garie-
pinus Burchell, 1822). There, ALP activity
increased more than 50-fold, which was a
diagnostic sign of toxic effects on fish [24,
25]. However, under normal conditions of
existence, ALP activity increases during
active fish growth and during gonadal mat-
uration, as has been observed in Atlantic
salmon (Salmo salar Linnaeus, 1758) [26].

Therefore, there is reason to consider
the increase in LF activity on the 28th day
of the experiment as a sign of the positive
effect of the experimental supplement on
fish, as a result of which metabolic process-
es were activated. This is also evidenced
by the active growth rate and increase in

TOIIBII 30UIBIIY€EThCS AKTHBHICTD JTY>KHOI
¢docdarazu B TKAaHWHAX JTMYHMHOK OCETPiB
3 TIepIoi A0CTiAHOT rpyi. BoyeBuapb, mi-
BUIICHA aKTHUBHICTh MOXE CBIAYUTU TIPO
aKTHBI3aLliI0 (ParoIMTo3y K OJHOTO 3 KIIFO-
YOBUX MEXaHi3MiB BPOIXKEHOTO IMyHITETY.

[licnst 28 ni0 excrnepuMEeHTy aKTHB-
HICTB I[bOT0 €H3UMY y TKAaHHHAX TPABHOI'O
TPaKTy 3pocia B 000X JOCIITHUX TPyHax
y 2,13 Ta 4,53 pasa signosigso (p < 0,05),
[0 CBITYMJIO MPO AKTUBHI MeTaboivHi
3MiHH B OpraHi3mi, CipsIMOBaHi Ha 30epe-
’KEHHsI ToMeocTa3y. Xo4a, Ha TEePIIUii 11o-
[JIs1]], KAPTHHA MOXKE HArayBaTH TOKCHKO-
JIOTIYHUN e(eKT, MpoTe MEXaHi3M OCTaH-
HBOTO BiJJOOpa)XaeThCsl Yy 3HAYHO OUTBIIIHA
aMILTITY/l 3MIiHM aKTHBHOCTI (epMeHTa,
SIK 1I¢ TOKA3aHO Ha MPUKIH TOKCHUYHOL
i rep6inuaiB ITapakeaty Ta I{umep-
METPHHY Ha OpraHi3M KJIapi€eBOro coma
(Clarias gariepinus Burchell, 1822). Tam
akTHBHICTF ALP 3pocrana B OumbII HiX
50 pasiB, 1mo OyJIO JiarHOCTUYHOK O3HA-
KO0 TOKCMYHOTO BIUIUBY [24, 25]. Tlpore,
B HOPMaJBbHUX yMOBaX iCHYBaHHS aKTHB-
HicTb ALP 3pocrae B mporieci akTHBHOTO
pOCTY OpraHi3My Ta 3a H03piBaHHS rOHA,
TaK sK e OyJI0 CIIOCTEPE)KEHO Ha aTiaH-
THYHOMY Jococi (Salmo salar Linnaeus,
1758) [26].

OTKe, € MICTaBH BBa)KATH 3POCTAHHS
aktiuBHOCTI ALP Ha 28-my 100y ekcre-
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average weight during this period, which
will never happen during toxicosis, during
which the appetite and growth rate of fish
decrease.

A similar situation, as in the case of
ALP, is observed in the activity of alanine
aminotransferase (ALT) is shown in Fig. 4.
Probable changes in the activity of this en-
zyme are noticeable after the first seven
days of experimental feeding of sturgeons
as well as after 28 days. Transamination
activity in experimental groups No. 1 and
No. 2 was higher by 16.5% and 36.5%, re-
spectively, compared to the control group.
These values coincide with the processes
of active growth of the sturgeon body.

Transamination processes are an im-
portant part of protein metabolism, which
is especially intense in sturgeon larvae and
fry at the initial stages of exogenous nu-
trition. These processes allow for the in-
terconversion between carbohydrate and
protein metabolism during stressful condi-
tions to meet the body’s high energy needs
[27]. As in the case of ALP, ALT activity
increase in two experimental groups after
28 days of experimental feeding of stur-
geons with the shiitake mushroom prepa-
ration that confirm the presence of meta-
bolic restructuring towards the activation
of transmembrane processes and intensive
protein metabolism, which takes place un-
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PUMEHTY O3HAKOIO ITO3MTHBHOTO BIUIMBY
eKCIIEpUMEHTANIBHOI T0OABKU Ha OpraHi3M,
B pe3yJbTaTi 4Oro aKTHBI3yBaJHCsS MeTa-
6omiuni nporecu. IIpo ne Takox CBiIUUTH
aKTHBHHH TEMII POCTY Ta 3pOCTAaHHS Cepe-
HbOT Macu y Lied Nepioj, 4Ooro HiKOJIM He
BiZIOYZIETHCS B MPOIIEC TOKCHKO3Y, 32 SKOTO
areTUT Ta TEMIT POCTY PUO 3HUKYIOTHCS.

AHaJIOTiYHa CUTYaIlis, SIK 1 Y BUMAIKY 3
ALP, mpociKoBy€eThCs B aKTUBHOCTI ana-
HiHamiHoTpaHchepasu (ALT) mokazaHo Ha
pHucyHKy 4. BiporinHi 3MiHU B aKTUBHOC-
Ti I[LOTO €H3UMY TIOMITHI IiCHS MEePITuX
ceMH J1i0 eKCIIepUMEHTANIbHOI TOJIiBII OCe-
Tpa, a TakoX Ticis 28-1 J00u. AKTHBHICTD
TpaHCaMiHyBaHHS B JIOCIIIHUX Tpynax Ne
1 ta Ne 2 Gyna Bumoro Ha 16,5 ta 36,5%
BIZTHOCHO KOHTpoJibHOI Tpymu. Lli mokas-
HUKHU BIJITOBITAIOTH MPOIIECaM aKTHBHOTO
POCTY Oprasi3My oceTpa.

IIportecn TpaHcamiHyBaHHA € BaX-
JIMBOIO JIAaHKOIO O1IKOBOrO MeTaboi3my,
SIKHH € 0COOJTMBO THTCHCHBHUM Y JIMYUHOK
Ta MaJIbKiB OCETPOBUX PHO Ha MTOYATKOBUX
eTarax eK30T€HHOTO JKMBIICHHS. 3aBIIKH
UM TIpoIiecaM BifOyBaeThCsl B3aeMOIIe-
PETBOPEHHS MiX BYIJIEBOJHEBHM Ta OiJ-
KOBUM OOMIHOM pEUOBHH MiA 4ac CTpe-
COBHX YMOB JUIS 33/I0BOJICHHS BHCOKHX
CHEepreTUYHUX NoTped opranismy [27]. Sk
1y Bumagky 3 ALP, moka3HHKH aKTHBHOCTI
ALT 3pocTatoTh y ABOX AOCHITHUX IPyHax

05 mg/g
B35 mg/g
B Control

21 28 days

Fig. 4. The alanineaminotransferase activity of digestive system tissues of larvae
and fingerling of Russian sturgeon under the effect of the mushroom preparation

Lentinula edodes

Note. * — significantly difference with the control group at p < 0,05.
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der conditions of active growth. Appropri-
ate changes allow maintaining the proper
level of homeostasis of Russian sturgeon
juveniles under conditions of their inten-
sive cultivation.

Analysis of a-amylase activity allows
assessing the dynamics of hydrolytic pro-
cesses in the intestine under the effect of
shiitake mushroom preparation. In this
case, we monitor the activity not only of
carbohydrases, which are synthesized by
the pancreas and adsorbed on the surface
of the glycocalyx, but also of enzymes of
bacterial origin, which play an important
role in the general hydrolysis of hydrocar-
bons. The dynamics of a-amylase activity
is shown in Figure 5.

It was shown that after the first week of
using the shiitake mushroom preparation at
a concentration of 35 mg/g of artemia, the
hydrolytic activity increased by 27.03%
(p < 0.05), however, the use of a lower
concentration of the experimental prepara-
tion did not show a significant difference
in this parameter from the control group of
fish. It is noticeable that in experimental
group No. 1 after 14 and 21 days of experi-
mental feeding, no significant deviations in
the activity of this enzyme were observed
compared to the control group, but they
were present in individuals from experi-
mental group No. 2. After 28 days of the
experiment, an increase in the activity of
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mics 28-Mu 110 eKCIepUMEHTAIBHOT TO-
JIiBJII OCETPiB IIpenaparoM 3 rpuda muira-
Ke, IMITBEPPKYIOUN HasIBHICTh Tepelyino-
BU MeTa0oJdi3My B HalpsIMKY aKTUBi3allii
TpaHCMEMOpaHHHX TIPOIECiB Ta I1HTEH-
CHUBHOTO O1JIKOBOTO OOMiHY, SIKMH CIIOCTe-
piraeThcs 32 YMOB aKTHBHOTO pocCTy. Bin-
MIOBi/THI 3MiHU JIO3BOJIIOTH MiATPHUMYBATH
HAJI)KHUH PIBEHh TOMEOCTAa3y B OpTraHi3Mi
MOJIOJIi pPyCBKOTO OCeTpa 3a yMOB ii iHTeH-
CHUBHOTO BUPOIIYBaHHS.

AHasti3 aKTUBHOCTI O-aMila3u J03BO-
JIS€ OIIIHUTH JUHAMIKY TiTpOJIITHIHUX
IpoleciB B KHINEYHUKY 3a Aii Ipemnapa-
Ty rpuba muitake. Y bOMY BHIAJIKy MH
MPOCIIJKOBYEMO aKTHBHICTH HE JIMIIE
KapOoTiapas, sKi CHHTE3YIOThCS MiANUTYH-
KOBOIO 3aJI03010 1 aficopOyIOThcs Ha IO-
BEPXHI IIIKOKAJIKCY, a TaKOXX 1 €H3MMIB
OaKTepiaibHOTO TTOXOPKEHHS, 110 BiAirpa-
I0Th BOXJIMBY POJb B 3arajJbHOMY TiIpo-
731 ByDIeBOAHIB. JI[MHAMIKy aKTUBHOCTI
o-aMisla3d BUIHO HA PHCYHKY 5.

ITokazaHo, IO MiCIs MEPIIOTO THUXKHS
3aCTOCYBaHHS Iperapary rpuda MIHiTake
B KOHIIEHTpalii Ha piBHI 35 MI/T apremii,
TIPOTITHYHA aKTHBHICTH 30UTBITYBajacs
Ha 27,03% (p < 0,05), omHak 3acTocyBaH-
HSI HAXKYOTO BMICTY JIOCITIJTHOTO Tperapa-
Ty HE TOKa3aJI0 BipOTiAHOI Pi3HUII L[EOTO
MOKa3HUKa 3 KOHTPOIBHOIO TPYIOI0 PHO.
[TomitHo, mo y gocmianii rpym Ne 1 mic-
ns 14-ti Ta 21-1 100U ekcrepuMeHTalb-

5 mg/g
M35 mg/g
*
B Control
’:—&
21 28 days

Fig. 5. The a-amilase activity of digestive system tissues of larvae and fry of
Russian sturgeon under the effect of the mushroom preparation Lentinula edodes
Note. * — significantly difference with the control group at p < 0,05.
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hydrolytic processes was observed in both
experimental groups, exceeding the values
in the control group by 2.6 times and 9.6
times, respectively. A similar situation with
amylase was observed in sturgeons during
the same period of action of immunostim-
ulants — levamisole and chitosan [8]. It is
reasonable to assume that the biologically
active substances of shiitake mushroom, in
particular lentinan, affect the development
of the intestinal microbiome, the compo-
nents of which stimulate, and also actively
carry out the expression of carbohydrases
in the intestinal lumen. This facilitates the
mechanism of digestion and transport of
nutrients into the blood, and, accordingly,
facilitates the regulation of sugar metab-
olism — the main energy substrate of the
fish body. As a result of using the shiitake
mushroom preparation for 28 days, home-
ostasis maintenance becomes more stable
due to replenishment of the energy pool of
sugars, as well as activation of transferas-
es, which allows more effectively tolerat-
ing stressful situations.

CONCLUSION AND
PERSPECTIVES OF FURTHER
DEVELOPMENT

The use of shiitake mushroom as a feed
additive in the process of growing Rus-
sian sturgeon from larval to viable stages
is advisable in view of the biological and
economic effect. It was shown that the use
of this preparation at a concentration of
35 mg/g of Artemia for 28 days led to an
acceleration of the average daily growth
rate during the last week by 1.6 times,
which caused an increase in the average
body weight at the end of the experiment
by 27.4% compared to the control group
of fish. Cumulative survival during the
28 days of the experiment was 31.7% in

HOT TOJIIBJII HE CITOCTEPIranocs BiporiTHUX
BiJIXUJICHb aKTMBHOCTI IIOTO €H3UMY Bi-
HOCHO KOHTPOJBHOI TPYITH, MPOTE BOHH
Oynu MPUCYTHI Y 0COOMH 13 HOCIiAHOT TPY-
mu Ne 2. [licnst 28-Mu 1116 eKCIIEPUMEHTY
3aikcoBaHO 301IbIIEHHS MOKA3HUKIB aK-
THBHOCTI TIJPOJIITHYHUX MPOIECIB B 000X
JOCHIHUX Tpynax, IO TepeBUIIYIOTh
3HAYCHHS B KOHTPOJBHIN Tpymi y 2,6 Ta y
9,6 pasa BixnosifgHo. Iloxi6Ha cuTyanis 3
aM1JIa3010 MPOCIIIKOBYBalach y OCETpiB
3a TaKoro X mepioxy Aii iMyHOCTUMYIIS-
TOpiB — JieBaMi3oiy Ta Xito3any [8]. o-
LIBHO MPUIIYCTHTH, 10 Oi0JOTIYHO aK-
THBHI PEYOBUHM I'prlda NIHiTake, 30KpemMa
JICHTUHAH, BIUIMBa€ Ha (DOPMYBaHHS Mi-
KpoOiOMYy KHIICYHHUKA, KOMIIOHEHTH SIKOTO
CTUMYJIIOIOTh, @ TAKOXK CaMi aKTUBHO 3/1iH-
CHIOIOTh EKCIIpeciro KapOorigpas y mpo-
CBIT KumeyHuka. Lle monermnrye MexaHiam
TpaBJICHHS Ta TPAaHCIOPTY HYTPIEHTIB B
KpOB, 1, BIIMOBIIHO, MOJIETIIY€E PErYISLiI0
00MiHy IIYKpiB — TOJIOBHOTO €HEPreTHY-
HOro cybcTpary opraHismy. B pesynbrari
3aCTOCYBaHHS IIpeTapaTy 3 Tpuda MmuiTake
npotsiroM 28 ni6 miATpUMAaHHS TOMeocTa-
3y CTa€ CTaOUIBHININM 3a PaxyHOK IIO-
MOBHEHHsI €HEPreTHYHOTO Iy IYKpiB, a
TaKOX aKTUBI3allii TpaHCc(epas, Mo J03BO-
nsie e(heKTUBHIIIE BUTPUMYBATH CTPECOBI
CHUTYaIIil.

BUCHOBKHU TA NEPCIIEKTUBH
HOJAJBIIOTO PO3BUTKY

3acTocyBaHHs mpenapary rpuba Iu-
iTake K KOPMOBOi JOOABKH B IIPOIIECi BHU-
POIIYBaHHS PYCHKOTO OCETPA BiJl IMIMHOK
JI0 JKUTTECTIAKAX CTaglil € NOLUIBHUM 3
onIsIly Ha OIOJOTIYHHMA Ta SKOHOMIYHUHN
edexr. [Tokazano, 10 3aCTOCYBaHHS JaHO-
ro IMpemnapary B KOHLEHTpalii Ha piBHI 35
MT/T apTeMii IpoTAroM 28-MH /10 IPUBEIIO
JI0 IPULIBUALICHHSA TEMITY CepeIHbOA000-
BOTO POCTY IIPOTSATOM OCTAHHBOTO THIKHS
B 1,6 pa3a, 3yMOBIIOIOUN 301JIBIIEHHS Ce-
penHbOI MacH TiJIa B KiHIN €KCTICPUMEHTY
Ha 27,4% BiTHOCHO KOHTPOJBHOI T'pyNH
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the control group, 47.3% in the first ex-
perimental group, and 85% in the second
experimental group, which confirms the
effectiveness of the use of the shiitake
mushroom preparation for strengthening
nonspecific resistance.

Biologically active substances of shi-
itake mushroom, in particular lentinan,
have a positive effect on the development
of the intestinal microbiome, the compo-
nents of which stimulate, and also them-
selves actively carry out the expression of
carbohydrases in the intestinal lumen, as a
result of which an increase in the activity of
hydrolytic processes was observed in both
experimental groups, exceeding the values
in the control group by 2.6 times and 9.6
times, respectively. The activity of trans-
ferases, in particular alkaline phosphatase
and alanine aminotransferase, increased in
two experimental groups after 28 days of
experimental feeding, confirming the pres-
ence of metabolic restructuring towards the
activation of transmembrane processes and
intensive protein metabolism, which takes
place under conditions of active growth of
the Russian sturgeon body.

Analysis of the results allows us to pre-
dict the prospects of further studies into
the use of biologically active substances
to strengthen the nonspecific resistance of
sturgeon juveniles.
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pub. KymynsiTHBHE BIKWBAHHS HPOTITOM
28-MHu 110 eKCHEepUMEHTY CTaHOBHJIO Y
KOHTpOJNBHIN Tpymi 31,7%, y nepriii go-
cnigHii rpyni — 47,3% Tta y npyriit go-
cmimHin — 85%, mo miaTBepmKye edek-
TUBHICTh 3aCTOCYBaHHS Ipemnapary rpuda
muiTake A7 3MIITHEHHs HecnenudigHoi
PE3UCTEHTHOCTI.

BionoriyHo akTUBHI PEYOBHHH TpuOa
mIMiTake, 30KpeMa JICHTHHAH, TO3UTHBHO
BIUIMBAIOTh Ha (OPMYBaHHS MiKpoOioMy
KUIICYHUKA, KOMIIOHEHTH SKOTO CTHMYITIO-
IOTh, & TAKOK CaMi aKTHBHO 3/IMCHIOIOTH
eKCIpecito kapOoripa3 y MpOCBIT KUIlIeU-
HUKa, B PE3yJIBTaTi YOTO CIIOCTEPIraeThCs
3pOCTaHHS aKTUBHOCTI TIPOITUYHUX TIPO-
IIeciB B 000X JOCITITHUX TPYyIax, o mepe-
BUIIYIOTh 3HAYEHHS B KOHTPOJIbHIHN IpyIi y
2,6 Ta 'y 9,6 pasa BiINOBIAHO. AKTHBHICTb
TpaHcdepas, 30kpema JyxHoi (ocharazu
Ta aJaHiHaAMiHOTpaHC(epasH, 3pOCTae y
JIBOX JOCHIJHUX Tpymnax micis 28-Mu 1o
EKCIIEPUMEHTAIBHOI TOMIBII, MiATBEPIKY-
104U HasBHICTh IepeOyn0BH METabOoIi3My B
HaNpsIMKy aKTUBi3aIlii TpaHCMEeMOpaHHUX
MIPOIIECiB Ta IHTEHCUBHOTO O1LIKOBOTO 00Mi-
HY, SKHH BiJIOYBa€THCS 32 YMOB aKTHBHOTO
POCTY OprasizamMy pychbKOro ocerpa.

AHai3 pe3yJabTaTiB J03BOJISIE CITPO-
THO3YBaTH MEPCIEKTHUBHICTh MONAIBIINAX
JTOCITI/KEHB 3aCTOCYBaHHS 010JIOTIYHO aK-
TUBHHX PEUOBHH JUIS 3MIIIHCHHS HECIICIIN-
(IYHOT PE3UCTEHTHOCTI MOJIOJII OCETPIB.

KOH®JIIKT IHTEPECIB

V wiit poOoTi KOH(IIIKT IHTEpPECiB aBTO-
PiB BIJCYTHIH.

JAXKEPEJA ®IHAHCYBAHHA

PoGora BukoHaHa 3aBasku (piHAHCOBIM
miarpumili HarionaneHo1 Akagemii arpap-
HUX HayK MIon0 (GpyHIaMEeHTaIbHUX POOiIT
B IXTIOJNIOTIT Ta PUOHUIITBI, 30KpeMa TEMH
«Po3po0ieHHs 010TEXHOIOTIYHUX METOIB
MIJBUINECHHS JKUTTECTIMKOCTI OCETPOBUX
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