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Abstract

The purpose of this research was to study the effect of the vitamin-mineral
complex E-selenium and the probiotic preparation Bacell when added to
industrial feed on the fish-breeding-biological and physiological-
biochemical parameters of juvenile sterlet-beluga hybrids when reared in
cages.

The duration of the experiment was 45 days. In experimental option 1, the
fish were fed with basic compound feed with the addition of E-selenium
(300 pg selenium/kg of feed), in experimental option 2, the fish were fed
with basic compound feed with the addition of E-selenium (300 pg
selenium/kg of feed) and the Bacell preparation (0.2 % by weight of dry
food). The control variant was fed with basic feed.

The absolute increase in the experimental variants was 13.0-25.0 % higher
than in the control. Hematological parameters varied — in some cases with
a high degree of significance. In particular, hemoglobin increased by
5.6-13 %, blood serum protein by 0.42-12.6 %, cholesterol by 9.8-16.3 %
in the experimental variants and by 70.5 % in the control, due to the
presence of a high degree of stress in control fish. At the same time, in fish
experiments the effects of stress factors were suppressed by antioxidants.
Preventive doses of microelements, vitamins and probiotics reduce and
stabilise peroxide processes and contribute to the maintenance of good
physiological condition of fish kept in artificial conditions.

Key Words
Hybrid of sterlet and beluga, vitamins, microelements, probiotic, food,
sturgeon.
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Peslome

Llenb HacToAWMX WCCNefOoBaHWUM 3aKNHOYAETCA B M3YYEHUM BAUAHUA
BUTAaMUHHO-MWUHEPaNbHOro Komnaekca E-ceneH u  npobuotnyeckoro
npenapata bauenn npu KopmaeHUU NPOMbILWIEHHBIM KOMBUKOPMOM Ha
pbiboBOgHO-bMONOrMYEeckMe U GU3MONOrO-6MOXMMUYECKME FOKa3aTenn
Mosi04M rMbpuga ctepaaam u 6enyrv npum BbipalLMBaHUK B CagKax.

CpoKk npoBegeHua 3KcnepumeHTa coctaBun 45 cytok. B onbiTHOM
BapuaHTe 1 KopmaeHue pblb ocyllecTBaANocb 6a30BbIM KOMOUKOPMOM C
nobasneHnem E-cenena (300 MKr cesieHa/Kr KOpMa), B OMbITHOM BapuaHTe
2 — 6a308BbIM KOMBMKOPMOM C gobasneHnem E-ceneHa (300 MKr ceneHa/Kr
Kopma) M npenapata bauenn (0,2 % OT Maccbl Cyxoro KOpma).
KOHTPONbHbIM BapuaHT Kopmuam 6a3oBbiM KOMOUKOPMOM.

ABCONOTHBIN MPMPOCT B OMbITHLIX BapMaHTax 6bia Ha 13,0-25,0 % Bbiwe,
yeM B KOHTposne. [emaTosorMyeckMe MOKasaTenn pasanyaancb U B
HEKOTOPbIX C/NY4asaXx C BbICOKOM CTENEHbIO AOCTOBEPHOCTWU. B 4acTHoCTH,
remornobuH yeenunumnca Ha 5,6-13 %, 6en0K CbIBOPOTKM KPOBWM — Ha
0,42-12,6 %, xonectepuH — Ha 9,8-16,3 % B OMbITHbIX BapuMaHTax M Ha
70,5 % B KOHTPOJIbHOM, YTO ODOYC/NIOBNIEHO Ha/MYMEM BbICOKOMN CTEMEHU
cTpecca y KOHTPOJIbHbIX pblb. B TO e Bpemsa y pblb B onbiTax AencTBUA
$aKTOPOB cTpecca KynUpYoT aHTUOKCUAAHTbI.

MpodurnakTMyeckme [03bl MUKPOI/IEMEHTOB, BUTAMUHOB M NPOBMOTUKOB,
B MNepByl0 oyepedb, HaMpaBJeHbl Ha CHWXEHUME U cTabuamsaumio
NepeKnCHbIX MPOLECCOB M MoAAepKaHue Xxopoluero $Gpu3nMonornyeckoro
COCTOAHMA PbI6, COAEPIKALLMXCA B UCKYCCTBEHHbIX YC/OBUAX.

Kniouesble cnosa
Mbpug ctepnagn u 6enyrn, BUTAMMUHbI, MUKPO3NEMEHTbI, NMPOBMOTUK,
KOpM, oceTp.

© 2024 ABTopbl. 02 Poccuu: 3Koao02us, pasgumue. ITO CTaTbA OTKPbLITOrO A0CTyNa B COOTBETCTBMM C ycnoBuamM Creative Commons
Attribution License, KoTopas paspeluaeT WCNO/Nb30BaHWe, PacnpoCcTpaHeHWe M BOCMpPOU3BeAeHME Ha /lobOM HocuTene npu ycnosuu
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INTRODUCTION

In order to improve fish breeding biotechniques, one of the
directions of improvement is the use of adaptogenic agents,
which include antioxidants that regulate the intensity of lipid
reoxidation [1-7]. Vitamins and trace elements, in particular,
vitamin E (o-tocopherol) and the trace element selenium,
which forms enzymes with proteins, as well as selenium in
organic form, selenomethionine (SeMet) possessing
antioxidant properties, are used to regulate the reoxidation
of polyunsaturated fatty acids and stabilize cell membranes
in animals [8].

The most common form of vitamin E, alpha-
tocopherol, and the chemical element selenium (Se), which
enhances the effects of other antioxidants, are combined in
E-Selenium. It protects the body's cells from reactive oxygen
species O, and suppresses the activity of free radicals,
thereby reducing the level of lipid peroxidation (LPO). This
complex supports liver function, normalizes the reproductive
processes of animals, and participates in the functioning of
the thyroid gland. The use of an inorganic form of selenium —
sodium selenite, which is hundreds of times more effective
than vitamin E, helps reduce the need for vitamin E in
animals and fish [9-13].

The administration of injections and feed
supplements of selenium with various vitamins to farm
animals (cows, sheep, chickens) has been studied
extensively. However, very little research has been carried
out on the effects of vitamin E and selenium on fish, and
especially sturgeon, and the results that exist are scanty and
do not give the whole picture of the action of the complex
[14; 15].

There are studies of the effect of E-selenium on
juveniles and fingerlings of trout, which led to enhanced
growth and normalization of metabolism due to the
activation of phospholipids and triacylglycerols [16]. Our
earlier studies have shown that the E-selenium complex
regulates gonadogenesis and improves the reproductive
system of sturgeon fish species, which often exhibit lipid
metabolism disorders when reared in a closed water system
[17], and also accelerate the dynamics of oocyte maturation
of female sturgeons [18; 19].

The progression of pathological condition in fish
when reared in artificial conditions can be determined not
only by keeping them in a small confined space, but also by
the use of easily oxidized polyunsaturated fatty acids in feed.
Selenium-containing preparations in complex with vitamins
seem to be effective enough to prevent lipid overoxidation in
fish feed [20].

Fish are able to accumulate selenium from water
and food and concentrate it mainly in the liver and kidneys,
where detoxification processes occur. The need for it ranges
from 150 to 250 mcg/kg of feed. It is more advisable to
introduce selenium into artificial food together with vitamin
E, since there is a higher chance of protecting the body from
the harmful effects of oxidized fats [12]. Research by
AV. Zhigin and co-authors [21] it was noted that when
selenium-containing preparations were added to the feed, it
was possible to reduce the concentration of lipids in the
body while maintaining active linear growth and
development of trout.

In 2012, preliminary studies were carried out to
study the effect of various concentrations (300 pg/kg and
2000 pg/kg of feed) of E-selenium on the physiological state
of young Russian-Lena sturgeon were carried out at the
scientific and experimental base of the Southern Scientific
Center of the Russian Academy of Sciences [22].

Hybrid rearing in a closed water supply unit
(CWSU) under optimal water environment parameters
revealed a positive effect of feed with vitamin and mineral
supplement E-selenium on the physiological state of
experimental fish.

Increasingly, veterinarians are choosing probiotics
to maintain the normal physiological state of farmed
animals. They perfectly complement the vitamins and
microelements contained in the feed. Probiotics stimulate
the growth of beneficial microorganisms and inhibit the
development of pathogenic bacteria, which helps maintain
the natural immunity of the animal, including in aquaculture
[23]. Maxim E.A. and co-authors note that when feeding the
drug “Bacell” to juvenile sterlet, survival rate increases by
5.7 % and weight gain by 9.1 % [24].

However, it is possible that when selenium is used
in combination with probiotics, part of the selenium, when
interacting with intestinal microflora, will turn into an
insoluble form and will be removed from the body without
bringing any benefit. This effect has been noted in cattle. In
this case, a lack of selenium in the body, complicated by its
low level in the environment, negative living conditions, and
low-quality feed, can provoke oxidative stress [25].

It is worth considering that aerobic spore-forming
bacteria (Bacillus subtilis), which are a component of the
probiotic, use free oxygen to maintain vital functions and
growth. This can enhance the antioxidant properties of
selenium, which in turn will have a positive effect on the
physiological status and aquaculture quality of fish. A similar
interaction was found in Bacillus ferreus, which have the
ability to reduce selenium compounds [12].

Previously, studies were carried out on young
individuals of a hybrid of sterlet and beluga in conditions of a
recirculation installation. Positive results were obtained and
recommendations were given for the use of the E-selenium
drug in combination with the bacterial drug Bacell [26].
Currently, research is continuing; however, the experimental
hybrid was kept in cages. The effect of E-selenium and
Bacellus in the composition of commercial feed on fish
farming on biological and physiological parameters of
juveniles was studied.

MATERIAL AND METHODS
Experiments on the use of complex E-selenium and the
probiotic Bacell in feeding young sterlet and beluga hybrids
were conducted in 2023 in the conditions of the cage
complex of the Southern Scientific Centre, Russian
Academy of Sciences (Kagalnik village, Azov region). The
period of experimentation amounted to 45 days. Two
experimental groups were allocated: in experiment 1, the
fish were fed with basic compound feed with the addition
of E-selenium (300 pg of selenium per 1 kg of compound
feed), in experiment 2 — with basic compound feed with
the addition of E-selenium (300 pg of selenium per 1 kg of
compound feed) and probiotic drug Bacell (0.2 % of dry
feed weight). Drug input rates were determined earlier on
other sturgeon species. In the control variant, the hybrids
were fed only basic mixed fodder without the addition of
experimental preparations. Feeding was carried out 2 times
a day. The calculation of the feed dose was carried out
according to accepted norms in all variants at the same
time.

The hydrological analysis of cage water was carried
out 3 times a day. The water temperature during the
experiment varied within the range of 18.7-21.2 °C, the
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content of dissolved oxygen O, in the water was 73-83 %
and the pH values of the environment were 5.1-7.2 units.
These parameters are optimal for sturgeon farming.

Each of the three groups was kept in a separate
square-shaped cage with a capacity of 1 m? of water. The
sample from each experimental cage for studying growth
and physiological characteristics was 30 fish per cage. The
average weight of fish in the experiment variants at the
beginning of the experiment was close in value and
amounted to 77.3-81.2 g, differing by 1.5-3.5 % compared
to the control.

Growth studies provide insight into the efficiency
of the rearing process, taking into account animal housing
conditions and the level of digestion of feed. Feeding
adequacy also plays an important role. During the
experiment, changes in growth rate and fatness of fish
were observed.

Weighing, measurement of the studied fish and
calculations of mass characteristics (absolute gain (g) and
average daily gain (g), etc.) were made in accordance with
existing methods.

Average daily gain (specific growth rate, Cy) —
change in weight of fish for each day of the period,
expressed in percent — was determined according to the
formula:

PO E{M[_'MH] ¥
Cu = Ay 00 %.

where
Mo — initial mass, g;
M;— final weight, g;
t — duration of cultivation, days.
The mass accumulation coefficient K, was
calculated according to the formula:

(MI73-M/%)-3
L

K m=

where

Mo — initial mass, g;

M;— final weight, g;

t — duration of cultivation, days.

The fatness coefficient (Ky) characterises the
fatness or "fleshiness" of fish. The fatness factor is defined
as the ratio of weight to body length according to the
formula of T. Fulton:

Ky(d) = P*100 / L3
where
P — fish mass, g;
L — length, cm (in sturgeons in this experiment the entire
length of the individual was measured).

To study the physiological and biochemical status
of the hybrids, biological material (whole blood) was
obtained intravitally from the tail vein. Each sample was
formed from the blood of 3 individuals. To understand the
physiological state of the juveniles, the following indicators
were determined: erythrocyte sedimentation rate,
hemoglobin concentration in whole blood, as well as the
concentration of total protein and cholesterol in the blood
serum. The erythrocyte sedimentation rate was
determined by the Panchenkov method, hemoglobin — by
the unified cyanmethemoglobin photometric method, its
level was determined using the apparatus “Mini-GEM-
540”. Serum protein content was determined by the biuret

method using a set of reagents, Olvex diangnostikum.
Blood cholesterol was determined by the enzymatic
method using a set of Olvex diangnostikum reagents [27].

The values of the physiological characteristics of
sturgeon species living in the natural environment were
considered as the norm. Thus, the normal level of
hemoglobin concentration is 50-80 g/l, serum protein —
28-40 g/l, cholesterol 1-2.8 mmol/l and erythrocyte
sedimentation rate (ESR) 2—4 mm/hour [28].

The results of the analyses were processed using
the Microsoft Excel software package for descriptive
statistics with the calculation of a two-sample t-test with
different variances, as a result of which the level of
significance (p) was determined for the compared unequal
small samples [29].

RESULTS OBTAINED AND THEIR DISCUSSION

Examples of the use of preventive doses of E-selenium as
an additive in feeding farm animals, including fish [3; 11]
indicated a slight increase in size and weight indicators, as
well as an improvement in the physiological state of
experimental animals.

According to early studies conducted at the
aquatic complex of the Southern Scientific Centre, Russian
Academy of Sciences in 2012 on a hybrid of Russian and
Lena sturgeon, the addition of E-selenium at a dose of
300 pg/kg in feed contributed to an increase in the growth
rates of juveniles by 3-5 % compared to the control option
[17].

When feeding hybrid of sterlet and beluga
juveniles with food containing the E-selenium complex
(option 1) and the E-selenium + Bacell complex (option 2),
positive dynamics were revealed. The absolute increase in
the experimental variants was 13.0-25.0 % higher than in
the control (table 1, fig. 1). Other growth indicators of
hybrid juveniles were also higher.

The hematological parameters of fish at the
beginning and end of the study differed and some
analytical results revealed significant differences (Table 2).
The number of fish in the sample was 15 specimens.
(no=15) and each collective blood sample contained blood
from 3 individuals).

The erythrocyte sedimentation rate (ESR) at the
beginning of the experiment was low in all variants of the
experiment (the range of reference values for ESR in fish
from natural habitats is 2-4 mm/h). By the end of the
study, ESR — in all variants of the experiment — still
increased (reliability p < 0.05) in fish in experiment 1. The
addition of vitamins, microelements and probiotics
probably had an effect on some blood factors that
determine the erythrocyte sedimentation rate (viscosity
blood, degree of erythrocyte aggregation).

A high level of hemoglobin was found in control
fish at the beginning of the experiment in comparison with
individuals in experiment 2 and experiment 1 (differences
are unreliable). Taking into account the optimal
hydrological and hydrochemical parameters of the
environment, it is possible to note the increased level of
oxidative metabolism in fish in the control variant. By the
end of the experiment, the concentration of hemoglobin in
blood increased from the initial level in fish of experimental
group 2 (by 13.0 %), to which a complex preparation
(E-selen + probiotic) was added to the feed. In experiment
1, where E-selen was used, hemoglobin concentration
increased insignificantly by 5.6 %. The increase in
hemoglobin values indicates the effect of the probiotic and
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vitamin and mineral supplements in the feed intended for
the experimental groups of fish on the change in
hemoglobin level (although the differences registered are

not reliable). The values were within the reference values
for fish from natural environment (50-80 g/I).

Table 1. Growth indicators of a hybrid of sterlet and beluga in an experiment with the addition

of E-selenium and the probiotic Bacell

Ta6auua 1. Mokasatenu pocta rnbpuaa ctepnagm u 6enyru B akcnepumenTe ¢ gobasneHnem

E-ceneHa v npobuoTturKa bauenn

Indicators Experience 1 Experience 2 Control
MNokasartenn OnbiT 1 OnbIT 2 KoHTponb

Initial mass, g 77,3+8,2 81,290 78,5+ 10,2
Macca HayanbHas, T
Final mass, g 108,8 + 6,9* 120,4 £ 10,3* 96,3+9,7
Macca KoHe4Has, r
Absolute mcvrease, g 31,50 392 17,80
ABCONIOTHBIV NPUPOCT, T
Average daily |ncurease, g 0,70 0,81 0,45
CpepHecyTouHbIM NPUPOCT, T

—— S
Average daily |ncvrease, % 0,75 0,86 0,25
CpeaHecyToYHbIN NpupocT, %
Mass accumulation coefficient, units. 0,033 0,039 0,019
KoadppuumeHT maccoHakonneHus, ea.
Number of fish, n 30 30 30
KonunyecTso pbib, 3K3.
Duration of cultivation, days. 45

MpPOAOMNKUTENbHOCTL BbIPALLMBAHUS, CYT.

Note: * — differences in comparison with the initial indicators are significant at p < 0.01
MpumeyaHue: * — paznuyus Mo CPABHEHUIO C UCXOOHbIMU MOKazamenamu 0ocmosepHsl npu p < 0,01

% 1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

experience 1

== Average daily increase, %

experience 2

0.045 units.
0.04

0,035

0.03

0,025

0.02

0.015

0.01

0.005

0

control

=@=Mass accumulation coefficient, units.

Figure 1. Average daily growth (%) and mass accumulation coefficient of the sterlet-beluga hybrid during the experiment
PucyHOK 1. CpegHecyTouHbIi NPUPOCT (%) U KoaddULMEHT MacCOHaKoNNEHUA tMbpuaa ctepasam u 6enyru

B nepunoa npoBegeHuA sKkCnepnmeHTa

Protein concentration in the blood of all groups of fish at
the beginning of experimental works was low and did not
differ significantly (p > 0.05). By the end of the study, its
level increased in fish from experiment 2, compared to
experiment 1 and control (p > 0.05). The same fish at the
end of the experiment had higher weight due to higher
level of protein metabolism, expressed in increased
concentration of total protein in blood (Table 2).

The dynamics of cholesterol in the blood of all
groups of fish at the beginning of the experiment was
within the norm for sturgeons from the natural

environment (1.0-2.8 mmol/l). During the period of the
experiment, the dynamics of cholesterol in all variants was
directed towards an increase in the indices but the
reliability of differences between the initial level and the
final result was revealed only in the control at p < 0.05.
Since cholesterol is a precursor of corticosteroids that
increase under stress, its increase in the blood of control
fish appears to be due to this. At the same time in
experimental 1 and 2 groups of fish the actions of stress
factors are reduced by antioxidants. Thus, the importance
of studying metabolic processes occurring in the body of
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fish during cultivation in artificial conditions is undeniable,
because it helps to timely monitor changes in the
physiological state of the object and correct the conditions
of maintenance and feeding. An important part of the

feeding process is the introduction of additional
components. In this case, probiotic supplements and
vitamin-mineral complex were used.

Table 2. Dynamics of hematological parameters in a hybrid of sterlet and beluga during the experiment
Tabnuua 2. lnHamunKa remaToNorMyecknx nokasartenei y rubpuaa crepnsam u 6enyru

B Nepuoj NpoBeAeH1s 3KCneprmeHTa

Experiment 1 Experiment 2 Control
Indicators OnbiT 1 OnbIT 2 KoHTponb
Mokaszartenu beginning end beginning end beginning end
Ha4vano KOHel, Ha4vano KOHel, Ha4vyano KOHel,
ESR, mm/h 1,2+0,13 1,93 £ 0,25* 1,5+0,26 1,88 0,20 1,0£0,12 1,3+0,23
CO3, mm/u
Hemoglobin, g/l 70,65 +8,48  7459+226  62,15+422  7022+539 87,61+815 79,36 +4,55

FemornobuH, r/n

Total protein, g/I

+
06wwuit 6enok, r/n 24,05+ 1,64

24,15 +1,57

24,81+1,17

27,93 +1,51 23,55+1,44 24,72 +1,61

Cholesterol, mmol/L

2,24+0,16
XonecrepuH, MMosb/n

2,46 £0,15

2,70+£0,19

3,14+0,24 2,41+0,66 4,11 £0,51**

Note: * — differences are reliable in comparison with initial indicators at p < 0.05, ** — differences are reliable in comparison

with initial indicators at p < 0.10, and in comparison with final indicators of experiment 1 at p < 0.01

MpumeyaHue: * — paznu4us AoCcMo8epHsI M0 CPABHEHUIO C UCXOOHbIMU okasamenamu npu p < 0,05, ** — pazau4us docmosepHsi
10 CPABHEHUIO C UCXOOHbIMU nokazamenamu npu p < 0,10, a Makx e o CPABHEHUO C KOHEYHbIMU MOKa3amenamu

aKkcnepumerma 1 npu p < 0,01

CONCLUSIONS

It was revealed that the use of E-selenium and probiotic
Bacell in fish feeding in the experiment led to an increase in
fish weight. Absolute growth in experimental variants was
13.0-25.0 % higher in variants of experiment with
E-selenium and complex E-selenium + Bacell than in the
control. It was also shown that preventive doses of
microelements, vitamins and probiotics primarily aimed at
reducing and stabilizing peroxide processes and
maintaining good physiological condition of fish kept in
artificial conditions are effective. Unlike warm-blooded
farmed animals, fish are cold-blooded and their response
to supplements that stimulate growth and regulate
metabolism may differ.
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