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Abstract. Success of the industrial methods of fish farming depends primarily on the quality and balance of the com-
bined feeds used. The results of a study of the effectiveness of the use of a flavonoid antioxidant, dihydroquercetin,
and an assessment of the synergistic effect of this antioxidant in combination with the immunostimulant arabinogalac-
tan and vitamin E are presented. To evaluate the effectiveness of dihydroquercetin in fish diets, two series of experi-
ments were carried out. The research results showed that the best growth rates are owed to the addition of a complex
of biologically active substances — dihydroquercetin in combination with vitamin E. The growth increased by
37.0-46.0%, and the fatness coefficient according to Fulton was 0.07 units, then as in the fish of the control group, the
indicator did not exceed 0.04 units. When using an antioxidant in combination with vitamin E, the average weight
of fish in the control group increased by 18.0%, while in the experimental variants this figure increased by
30.0-31.0%. Fatness coefficient according to Fulton in fish of the control group was 0.04 units, and when the diet was
enriched with complexes of antioxidant additives, it was 0.07 units. The indicators of energy metabolism also indicate
a better accumulation of plastic substances in the fish of the experimental groups: ESR 1.92 + 0.30 mm/h and
1.83 £ 0.27 mm/h, the level of total protein is significantly (p < 0.01) lower values of the control group (test 1 with di-
hydroquercetin — 25.70 & 2.9 and test 2 with dihydroquercetin and arabinogalactan — 23.38 & 0.90 g/1), and the choles-
terol level is lower by 11.5-24.1%. Thus, it can be inferred that the complex of antioxidants provided more favorable
trophic and biochemical conditions necessary, in particular, for the normal growth and development of fish. The re-
sults obtained in the course of the research can serve as a basis for improving the technologies for the production
of mixed feed when raising fish on an intensive basis.
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AHHOTaIMs. YCIieX HHAYCTPHAIbHOM (OPMBI PHIOOBOICTBA B IIEPBYIO OYEpPe/Ib 3aBUCUT OT Ka4yecTBa M cOaaHCHPOBAH-
HOCTH IIPHMEHSIEMBIX KOMOMHHPOBAHHBIX KOPMOB. IIpencTaBieHs! pe3ynbTaThl HCCIeR0BaHUS ()(EKTHBHOCTH IIPUMeE-
HEHHs] aHTHOKCHIAHTa (DIIaBOHOMTHOM MPUPOIBI — TUTHUIPOKBEPLETHHA — M OIICHKA CHHEPTeTHIECKOTO NEeHCTBUS 3TOTO
AQHTHOKCH/IAHTA B COYETAHUU C MIMMYHOCTUMYJIATOPOM apabuHorajgakTaHoM U ButamuoM E. s oneHku s¢dexTnBHO-
CTH JIMTHIPOKBEPLETHHA B PaIlIOHaX PHIO MPOBOAMIIM ABE CEPHH IKCIEPUMEHTOB. B pesynbrare mccienoBaHuii ycra-
HOBJICHO, YTO JIy4IIFe ITOKa3aTeH MO IPUPOCTaM HAOMIOAIICH TIPH HOOABICHHN KOMIUTEKCa OMOJIOTHYECKH aKTUBHBIX
BELIECTB — JUTHAPOKBEpIIETHHA B codeTannu ¢ BuTamuHoM E. IIpupoct yBemuumncs Ha 37,0-46,0 %, a koaduimeHt
ymuranHocTH 1o @ynpTony cocraBun 0,07 en., Toraa Kak y pel0 KOHTPOJNBHOW TPYMIBI ITOKA3aTeldb HE IMPEBBIIIAN
0,04 en. ITpn ucTioNB30BaHUN AHTHOKCUIAHTA B COUETAHUH C BUTAMHHOM E y pPBIO KOHTPOIBEHOM TPYIIIEI CPEeIHSS Macca
yBenuumnack Ha 18,0 %, Toraa Kak B ONBITHBIX BapHaHTaX 3TOT Hoka3arenb yBennunics Ha 30,0-31,0 %. Koapduuuent
ynutaHHocTH 110 OynbToHY y phIO KOHTpOIbHOU rpynisl coctaBuia 0,04 en., a mpu 00OraleHuy parioHa KOMILIEKCaMu
AQHTHOKCHAAHTHEIX 100aBok — 0,07 ex. Ilokasarenm sHepreTHmdeckoro OOMEHa TaKKe CBHAETENBCTBYIOT O JIydIIeM
HAKOIJICHUHU TUIACTUYCCKHMX BEIIECTB Y PBIO dKcrepuMeHTabHbIX rpymm: COD 1,92 + 0,30 mv/a u 1,83 + 0,27 mm/4,
ypoBeHb obmiero Geska goctoBepHo (p < 0,01) HuKe 3HAYSHMI KOHTPOJIBHOW TPYIIBI (BapuaHT | ¢ JUrHAPOKBEpPTELH-
HOM — 25,70 £ 2,9, BapHaHT 2 ¢ IUTHAPOKBEPTEIIMHOM M apaduHoranakraHoM — 23,38 + 0,90 /1), a ypoBeHb X0JiecTepH-
Ha HiwKke Ha 11,5-24,1 %. Takum oOpa3om, MOKHO TOBOPHUTH O TOM, YTO KOMILJIEKC aHTMOKCHAAHTOB obecrieurs Oosee
OraronpusTHBIE TPOGHUIECKUE U OMOXUMUYECKUE YCIOBHS, HEOOXOAUMBIE, B YACTHOCTH, JUIsl HOPMAJIBFHOTO POCTa U pa3-
BUTHA PBIO. Pe3ynbrarTel, momydeHHble B XOA€ HCCIEIOBAaHUN, MOTYT CIIYXKUTh OCHOBOI! IJII COBEPIICHCTBOBAHHS TEXHO-
JIOTHH POM3BO/ICTBa KOMOMKOPMOB IIPH BHIPAIIMBAHUH PHIO HA HHTEHCHBHOM OCHOBE.

KiioueBble c10Ba: qUIHIPOKBEPLICTHH, apaOWHOTAIAKTaH, aHTHOKCUAAHT, BUTAaMUH E, IMMYHOCTUMYJIATOD, THIS-
TSI, aKBaKyJIbTYpa, KOPMIICHHE, IPUPOCT
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Introduction

Analysis of the work of aquaculture enterprises
shows that the technological features of industrial
fish farming (high stocking densities, regular sorting
of fish, oxygen level drops, etc.) are stressful for fish
and can provoke free radical oxidation processes and
disrupt metabolism, which leads to a delay in the
growth and development of cultivated objects and
affects the fish adaptive mechanisms [1-6].

In this regard, further improvement of modern
technologies of industrial fish farming, in particular, in
recirculation aquaculture systems, involves a detailed
study of metabolism and, especially, effect of antioxi-
dant protection in conditions of artificially created
ecosystems. This will allow identifying the most vul-
nerable stages, monitoring, and if necessary, correcting
the physiological state of the fish.
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At the same time, an important role is assigned
to organizing rational feeding balanced with the needs
of the cultivated species. Deficiency or imbalance
of vitamins, macro- or microelements in the diet of fish
leads to characteristic disturbances in metabolic pro-
cesses, contributing to a decrease in the efficiency
of cultivation. In addition, non-compliance with certain
stages of feeding technology (production of feed from
low-quality raw materials, improper storage) can cause
producing peroxides dangerous for the fish body.

Loss of appetite, decreased growth rate, decreased
activity and high mortality are signs of weakening of the
body's antioxidant defense. In addition, muscular dys-
trophy, fatty degeneration of the liver, accumulation
of fluid in the abdominal cavity, hemolysis of erythro-
cytes, decrease in hematocrit, etc. are noted [7, 8].
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One of the ways to improve the biotechnics of fish
breeding is using the biologically active substances
(BAS) that have a stimulating effect on the vital func-
tions of the body.

An important argument when choosing BAS is
their antioxidant and adaptogenic effect. Thus, the diet
of fish should not only be balanced, according to the
biological needs of cultivated species, but also addi-
tionally enriched with antioxidant complexes.

Developing the new drugs with antioxidant properties
makes it possible to improve the technology of fish feed-
ing and increase the pro-oxidant — antioxidant balance.

Due to the fact that an important criterion for
choosing feed additives is environmental safety, natu-
ral bioantioxifiers of flavonoid nature, in particular,
dihydroquercetin, are of interest. Dihydroquercetin,
a natural flavonoid isolated from the larch wood has
a wide range of properties, for example, it participates
in the synthesis of vitamin P, helps to reduce the per-
meability and fragility of capillaries [9]. Being an ef-
fective antioxidant, dihydroquercetin interrupts the
processes of lipid peroxidation in cell membranes,

penetrates into the cytoplasm of the cell and protects
the cell from the damaging effects of free radicals.

Dihydroquercetin also has a synergistic effect on
ascorbic acid and the membrane antioxidant vitamin
E promoting the regeneration of the active form of the
latter and preventing the formation of tocopherylqui-
none [10-14].

The aim of the study was to examine the metabolic
processes in the fish body when using dihydroquerce-
tin in diets and to evaluate the synergistic effect of this
antioxidant in combination with the immunostimulator
arabinogalactan (AG) and vitamin E.

Materials and methods of research

The study was conducted in the innovation center
“Bioaquapark — scientific and technical center of ag-
uaculture” under Astrakhan State Technical Universi-
ty. To evaluate the effectiveness of dihydroquercetin
(DHQ) in fish diets, two series of experiments were
conducted. The work was carried out according to the
scheme presented in Table 1.

Table 1

Scheme of the experiment

Indicator Control Test 1 Test 2

. L. BD + 50.0 mg DHQ BD + 25.0 mg DHQ + 25.0 mg AG
Feeding Basic diet (BD) 5577560 mg DHQ + 300 mg vitamin E_| BD + 25.0 mg DgHQ +50.0 mg VitaminE
The object of the study Tilapia hybrid Oreochromis mossambicus x Oreochromis niloticus
Stocking density, pcs/m’ 100
Granule size, mm 3.5 | 3.5 [ 3.5
Temperature regime, °C 26.5 during a day
pH 75 | 7.5 7.5
Feeding method Manually, by eatability
Research period 28 days

The drug Flavitol (CJSC SPF “FLAVIT”) was
used as a source of DHQ, which contains highly puri-
fied DHQ (94-96%) with a preserved native form. The
drug dissolved in distilled water was introduced into
the compound feed in the process of its producing.
Experimental batches of dry compound feeds were
made under laboratory conditions by wet pressing fol-
lowed by drying.

The daily feeding rate was determined according to
the feed tables depending on the average weight of fish
and water temperature. The dynamics of the growth
rate was assessed based on the analysis of changes in
linear and weight indicators and their dependencies
among themselves (absolute and average daily growth,
average daily growth rate, Fulton fatness coefficient,
weight accumulation coefficient). Measurements and
calculations were carried out in accordance with the
recommendations adopted in fish farming [15-17].

The assessment of the functional state of cultured
fish was carried out on the basis of a comprehensive
physiological and biochemical study of blood, taking
into account species and age characteristics. Blood was
taken in vivo from the caudal vein into Eppendorf tubes
with the addition of an anticoagulant (heparin) for he-

matological analysis and without an anticoagulant to
obtain blood serum (by centrifugation at 3 000 rpm) and
to study biochemical parameters.

Hemoglobin was determined by the hemoglobin cy-
anide method [18]. The erythrocyte sedimentation rate
(ESR) was determined by the Panchenkov method [19].

Determination of biochemical parameters of blood
serum (total serum protein, cholesterol) was carried
out according to certified methods and reagent Kkits
of Olvexdiagnosticum-Yug, LLC (Russia) and Agat-
Med, LLC (Russia) [20-22]. Blood smears were pre-
pared using a May-Grunwald dye fixative from Olvex-
Diagnosticum [23, 24].

The research results were processed using general-
ly accepted methods of biological statistics [25] and
the Microsoft Excel program. Statistical analysis was
carried out using the Student's t-criterion, differences
were considered significant at p < 0.05.

Research results

Analysis of fish-breeding and biological indicators
(Table 2) showed that the growth rate of fish whose
diet was enriched with DHQ exceeded these indicators
in fish of control groups.
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Table 2
Dynamics of growth indicators of tilapia hybrid when using DHQ and AG

Indicator Control Test 1 Test 2
Weight, g:
initial; 99.43 +£10.51 80.27 +£6.12 79.88 +7.48
final 131.73 £10.01 119.53 £7.33 124.00 +8.91
Length, cm:
initial; 18.27 +0.52 17.68 £0.42 17.39+0.44
final 19.54 +0.46 19.23 £0.39 19.03 +£0.42
Fulton fatness coefficient:
initial; 1.54+0.04 1.41+0.03" 1.45+0.04
final 1.7 £0.03 1.76 £0.14 1.77 +£0.03
Absolute growth, g 32.28 39.26 44.12
Average daily growth, g 1.15 1.40 1.58
Average daily growth rate, % 1.01 1.43 1.58
Weight accumulation coefficient 0.05 0.07 0.07
Duration of cultivation, days 28 28 28

"P<0.05.

During the experiment, it was found that high
growth rate was observed in all groups. The average
daily increments fluctuated in the range of 1.1-1.5 g.

The best indicators for increments were observed
with the addition of a complex of biologically active

substances — the live weight gain in fish of the first
group was 39.26 g versus 44.12 g in the second group,
which is 17.7 and 27.2% higher than in fish of the con-
trol group (Table 3).

Dynamics of growth indicators of tilapia hybrid when combined in the diet of DHQ and vitamin E

Table 3

Indicator Control Test 1 Test 2
Weight, g:
initial; 142.00 + 12.17 121.65 +27.20 130.50 + 7.87
final 173.68 + 10.88 172.45 + 38.56 189.16 + 8.36
Length, cm:
initial; 20.29 +0.54 20.18 £4.51 20.22 +0.36
final 21.13 £ 0.60 21.35+4.77 21.36 +£0.22
Fulton fatness coefficient:
initial; 1.63£0.03 1.46 £0.03 1.55+0.03™"
final 1.91£0.10 1.77£0.05™ 1.92+0.04™
Absolute growth, g 31.68 50.80 58.66
Average daily growth, g 1.13 1.81 2.10
Average daily growth rate, % 0.72 1.25 1.33
Weight accumulation coefficient 0.04 0.07 0.07
Duration of cultivation, days 28 28 28

ok

"P<0.001;"p<0.01;

»<0.05.

When using an antioxidant in combination with
vitamin E in fish of the control group, the average
weight increased by 18.0%, whereas in experimental
variants this indicator increased by 30.0-31.0%. The
Fulton fatness coefficient in fish of the control group
was 0.04 units, and when enriching the diet with com-
plexes of antioxidant additives 0.07 units.

During the growing period, the absolute body
weight gain of fish in the control group was 37.6-45.9%
lower than that of fish in the experimental groups.
A similar trend is observed for other piscicultural indi-
cators. The best piscicultural indicators according to the
results of cultivation were shown by an experimental
group of fish that consumed the main diet with the addi-
tion of 25.0 mg of Flavitol and 50.0 mg of vitamin E.
Survival in all variants of the study was 100%. The feed

coefficient characterizing the feed conversion in the
control variant was 1.4 units, which is 14.3% higher
than in the experimental variants. The best assimilation
of the feed was with the addition of a complex of anti-
oxidants, and the feed coefficient was 1.2 units.

Thus, the results of biological growth indicators
(increased weight gain and length. fatness of fish) and
survival indicate a positive effect of adding a complex
of antioxidants to the diet of hybrid tilapia. The func-
tional state of the organism in the proposed growing
conditions was assessed by physiological and bio-
chemical parameters of blood, which act as specific
indicators of physiological or pathological changes.
The results of studies of blood biochemical parameters
are presented in Tables 4 and 5.
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Table 4
Biochemical blood parameters of tilapia hybrid when used in the diets of DHQ and AG
Indicator Control Test 1 Test 2
Hemoglobin, g/l 48.38 £ 5.84 80.91 £ 11.01 54.57 £2.65
ESR, mm/h 1.92+0.33 1.90 +0.24 1.83+0.28
Total serum protein, g/l 21.33+0.88 23.67 +1.86 33.00+£2.0"
Cholesterol, mmol/l 3.23+0.35 3.62+0.52 3.75+0.57
Glucose, g/l 5.79 £0.42 6.01£0.16 521+0.18"
Total lipids, g/l 2.95+0.18 3.27+0.15 3.34+0.20
"P<0.01; " p<0.001.
Table 5
Biochemical blood parameters of tilapia hybrid using DHQ and vitamin E in diets
Tidicator Test 1 Test 2 Control
Hemoglobin, g/l 60.07 + 3.89 54.32+2.87 59.62 +2.68
ESR, mm/h 1.92+0.30 1.83+0.27 1.50+0.19
Total serum protein, g/l 25.70 +£2.93 23.38+0.90° 30.88 £2.34°
Cholesterol, mmol/l 3.22+0.24 3.75+£0.22 424+032°

"P<0.05.

The obtained results of hematological and bio-
chemical parameters are consistent with the data
of other authors [26-32]. The erythrocyte sedimenta-
tion rate in all experimental variants remained within
the normative values, which is also consistent with the
literature data [33, 34] and indicates a constant protein
composition of blood plasma.

The concentration of hemoglobin varied from 40.0
to 80.0 g/l. When the BAS complex was added to the
diet, the hemoglobin level was 30.0-40.0% higher
compared to other experimental variants and indicates
a positive effect of the feed additive on the metabolism
of the studied fish.

A similar dynamic can be traced in the change
in glucose level (p < 0.001), and maintaining it within
5.0-6.0 mmol/l is the result of the normal operation
of the enzymatic system that catalyzes the transfor-
mation of glucose.

In comparison with the control, BAS contributed to
the activation of plastic metabolism, which is con-
firmed by a lower level of total whey protein and
a high growth rate.

Under experimental conditions the level of total se-
rum lipids changed slightly. Its important component
is cholesterol, which stimulates the body's immune
system and plays a role in protecting against stress.
The dynamics of lipid metabolism contributed to the
normal process of accumulation of energy resources.

The enrichment of the diet of DHQ in combination
with vitamin E also influenced some biochemical pa-
rameters of the blood of fish, a significant difference
(p £0.01) of which indicate a positive effect of biolog-
ically active substances on the physiological state
of the body of fish.

In the fish of the control group the ESR was slight-
ly lower than in the fish of the experimental groups.
The revealed difference may indicate a change in the
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protein composition of blood plasma due to a more
intensive diet of fish, and may also be the result
of adaptation of tilapia to other habitat conditions, in
this case, to a different diet [35, 36]. Hemoglobin con-
centration in the fish of the control and experimental
groups differed slightly (p > 0.01).

Depending on the conditions of nutrition, diet and
the level of energy metabolism, the amount of total
whey protein changes, the excess or shortage of which
indicates a decrease in the viability of fish. In all vari-
ants of the study the indicator was within the norma-
tive values for this type of fish and varied from 19.08
to 36.40 g/l. The lower protein level in fish of the ex-
perimental groups (p < 0.01) is explained by the better
growth rate of fish, since it affects the structure of the
body, which is confirmed by the data of fish-breeding
and biological analysis.

According to the level of cholesterol stimulating
the body's immune system, the changes ranged from
2.8 to 5.5 mmol/l (p > 0.01). However, this indicator in
the fish of the control group was 11.5-24.1% higher
than in the fish of the experimental groups. The in-
creased level of cholesterol in the blood contributes to
a change in blood viscosity, which leads to a violation
of active metabolism in the body, so it can be assumed
that the dynamics of lipid metabolism in fish of the
experimental groups also contributed to the normal
process of accumulation of energy resources.

Considering that the fish of all groups were kept in
the same conditions, the processing of the material was
carried out uniformly, and the difference was only the
diet, we can say that the complex of antioxidants pro-
vided more favorable trophic and biochemical condi-
tions necessary, in particular, for the fish normal
growth and development.

A fairly informative indicator in assessing the
overall physiological state of the body is the leukocyte
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blood formula, which reflects not only the physiologi-
cal state of fish, but also some aspects of cellular im-
munity. Changes in the leukogram can detect metabol-
ic disorders and deterioration of the condition of the

object under study long before the appearance of clini-
cal signs of emerging pathologies. Table 6 shows the
leukocyte formula of the blood of the fish under study.

Table 6
Leukocyte blood formula (%) of tilapia hybrid using DHQ and AG in the diets
Indicator Control Test 1 Test 2
Lymphocytes 86.94 +2.62 88.92 + 1.87 89.48 +£1.59
Monocytes 2.95+0.71 2.94 £0.65 2.24+047
Neutrophils 9.08+1.57 7.45+1.27 7.53+1.21
Basophils 1.03+0.14 0.69 £ 0.06" 0.75+0.17
“P<0.01.

The number of lymphocytes, monocytes, neutro-
phils, basophils remained at the same level in all three
experimental groups. The leading group in the studied
smears were lymphocytes, which made up the majority
of the total number of leukocytes (from 86.94 to
89.48%)).

Thus, the obtained hematological and biochemical
indicators indicate a positive effect of BAS on the health
of fish, and the results of size and weight characteristics
confirm the high activity of metabolic processes.

Conclusion
The conducted studies indicate the effectiveness
of the use of bioflavonoids in feeding promising aqua-

culture objects, in particular tilapia and its hybrids. The
positive effect of the tested BAS on the growth and de-
velopment of cultured juveniles has been established.

The results obtained complement the existing ideas
about the fields of application of antioxidants, and also
prove the prospects of using herbal remedies as antiox-
idant feed additives.

The data obtained allow us to recommend the
complex use of DHQ in combination with vitamin E as
part of the production feed for hybrid tilapia during its
commercial cultivation.

References

1. Sargent J., Henderson R. J., Tocher D. R. The Lipids
Fish Nutrition. Academic Press, 1989. Pp. 154-209.

2. Delgado A., Estevez A., Hortelano P., Alejandre M. J.
Analyses of fatty acids from different lipids in liver and muscle
of sea bass (Dicentrarchus labrax). Influence of temperature
and fasting. Biochem. Physiol., 1994, no. 108, pp. 673-680.

3. Guderle H., St-Pierre J. Going with the flow in the fast
lane: contrasting mitochondrial responses to thermal change.
Exp. Biol., 2002, no. 205, pp. 2237-2249.

4. Ermakova N. V. Osobennosti karatinoidnogo sostava
vitaminnoi dobavki, poluchennoi na osnove otkhodov morkovi
putem konservatsii molochnokislymi mikroorganizmami [Fea-
tures of carotenoid composition of vitamin supplement ob-
tained on basis of carrot waste by conservation with lactic acid
microorganisms]. Ratsional'noe ispol’zovanie syr'ia i sozdanie
novykh produktov biotekhnologicheskogo naznacheniia: mate-
rialy Mezhdunarodnoi nauchno-prakticheskoi konferentsii.
Orel, OOO PF Kartush, 2018. 239 p.

5. Petrenko V. P. Effektivnost' primeneniia vitaminnogo
premiksa i kompleksa mikroelementov v kombikormakh dlia
tovarnogo karpa [Effectiveness of using vitamin premix and
complex of trace elements in compound feed for commercial
carp]. Voprosy intensifikatsii prudovogo rybovodstva:
sbornik nauchnykh trudov. Moscow, lzd-vo VNIIPRKh,
1985. Pp. 16-18.

6. Ponomarev S. V. Novyi lechebnyi osetrovyi kombi-
korm dlia predotvrashcheniia lordoza i skolioza pri indus-
trial'nom vyrashchivanii [New therapeutic sturgeon com-
pound feed for prevention of lordosis and scoliosis in indus-
trial cultivation]. Vestnik Astrakhanskogo gosudarstvennogo

44

tekhnicheskogo universiteta. Seriia: Rybnoe khoziaistvo,
2005, no. 3 (26), pp. 62-66.

7. Lovell R. T. Selenium in fish feeds: nutritional, envi-
ronment and legal aspects. Aquacultult. Meg., 1996, vol. 22,
no. 1, pp. 76-81.

8. Watanabe T., Takeuchi C., Matsui M., Ogino C., Ka-
wabata T. Effekt of a-tocopherol deficiency on carp. VIIL
The relation ship between dietary levels of linoleat and
a-tocopherol requirement. Bull. Jap. Sci. Fish., 1977,
vol. 43, pp. 935-946.

9. Nakusov T. T., Shortanova T. Kh., Samoilik N. I., Shil-
ina N. M. Izuchenie vliianiia digidrokvertsetina na sistemu
perekisnogo okisleniia lipidov (antioksidantnaia zashchita pri
ostroi eksperimental'noi gipoksii) [Studying effect of dihy-
droquercetin on lipid peroxidation system (antioxidant protec-
tion in acute experimental hypoxia)]. Voprosy detskoi dieto-
logii, 2005, vol. 3, no. 6, pp. 9-11.

10. Ponomarev S. V., Bakhareva A. A., Grozesku Iu. N.
Novyi polivitaminnyi premiks dlia osetrovykh ryb [New
multivitamin premix for sturgeons]. Vestnik Astrakhanskogo
gosudarstvennogo  tekhnicheskogo universiteta.  Seriia:
Rybnoe khoziaistvo, 2000, no. 1, pp. 63—66.

11. Bakhareva A. A., Grozesku Iu. N. Vliianie vitaminov na
reproduktivnye funktsii ryb [Vitamins influence fish reproduc-
tive functions]. Estestvennye nauki, 2013, no. 3 (44), pp. 86-92.

12. Ponomareva E. N., Sorokina M. N. Ispol'zovanie vit-
aminov dlia povysheniia rezistentnosti osetrovykh ryb v ran-
nem ontogeneze [Using vitamins to increase resistance
of sturgeons in early ontogenesis]. Vestnik Astrakhanskogo



Vestnik of ASTU. Series: Fishing Industry. 2022. N. 3. ISSN 2073-5529 (Print), ISSN 2309-978X (Online)
Commodity aquaculture and artificial reproduction of hydrobionts

gosudarstvennogo tekhnicheskogo universiteta, Seriia: Rybnoe
khoziaistvo, 2004, no. 2, pp. 67-73.

13. Metallov G. F., Grigor'ev V. A., Kovaleva A. V., Lev-
ina O. A., Sorokina M. N. Vliianie preparata E-selen na rost
i fiziologicheskie pokazateli gibrida russkii osetr x lenskii osetr
pri vyrashchivanii v ustanovke zamknutogo vodosnabzheniia
[Effect of E-selenium preparation on growth and physiological
parameters of Russian sturgeon % Lena sturgeon hybrid when
grown in recirculating water supply system]. Vesmik luzhnogo
nauchnogo tsentra, 2013, vol. 9, no. 2, pp. 57-67.

14. Metallov G. F., Levina O. A., Grigor'ev V. A., Ko-
valeva A. V. Biologicheski aktivnye dobavki v produk-
tsionnykh kormakh dlia osetrovykh ryb [Biologically active
additives in production feeds for sturgeons]. Vestnik Astra-
khanskogo gosudarstvennogo tekhnicheskogo universiteta.
Seriia: Rybnoe khoziaistvo, 2013, no. 3, pp. 146-152.

15. Lakin G. F. Biometriia [Biometrics]. Moscow,
Vysshaia shkola Publ., 1990. 293 p.

16. Castell J. D., Tiews K. Report of the EIFAC, IUNS
and ICES Working Group on the standardization
of methodology in fish nutrition research. EIFAC Technical
Paper, 1979, pp. 1-24.

17. Kupinskii S. V., Baranov V. F., Reznikov S. A. Radu-
zhnaia forel' — predvaritel'nye parametry standartnoi modeli
massonakopleniia [Rainbow trout: preliminary parameters
of standard mass accumulation model]. Industrial'noe rybovod-
stvo v zamknutykh sistemakh, 1985, iss. 46, pp. 109-115.

18. Van Kampen E. J., Zjilstra W. G. Standardization of he-
moglobinometry. Clinic Chemistry Acta, 1961, no. 6, 538 p.

19. Limanskii V. V., Iarzhombek A. A., Bekina E. N.,
Andronnikov S. B. Instruktsiia po fiziologo-biologicheskim
analizam ryby [Instructions for physiological and biological
analysis of fish]. Moscow, 1zd-vo VNIIRKh, 1984. 60 p.

20. Filippovich Iu. B., Egorova T. A., Sevastianova G. A.
Praktikum po obshchei biokhimii [Workshop on general bio-
chemistry]. Moscow, Prosveshchenie Publ., 1975. 318 p.

21. Fishbach F. A., Dunning M. Manual of laboratory
diagnostic tests. Lppincott Williams & Wilkins, 2004,
vol. 14, p. 1291.

22. Trinder P. Determination of glucose in blood using
glucose oxidase with an alternative oxygen acceptor. Clinic
Chemistry Acta, 1969, vol. 6, pp. 24-25.

23. Kozinets G. 1. Atlas kletok krovi i kostnogo mozga
[Atlas of blood cells and red marrow]. Moscow, Triada-Kh
Publ., 1998. 160 p.

24. Abramov M. G. Gematologicheskii atlas [Hematolo-
gy Atlas]. Moscow, Meditsina Publ., 1985. 344 p.

25. Chun-Yao C., Wooster G. A., Getchell R. G., Bow-
ser P. R., Timmons M. B. Blood chemistry of healthy,

nephrocalcinosis-affected and ozone-treated tilapia in a re-
circulation system, with application of discriminant analysis.
Aquaculture, 2003, vol. 218, pp. 89-102.

26. Palikova M., Kopp R., Mares J., Navratil S., Kubicek Z.,
Chmelai L., Band’ouchova H., Pikula J. Selected Haemato-
logical and Biochemical Indices of Nile Tilapia (Oreo-
chromis niloticus). Reared in the Environment with Cyano-
bacterial Water Bloom. ACTA VET. BRNO, 2010, pp. 61-73.

27. Keri A.-I. The study of growth performance and some
biochemical parameters of Nile tilapia (Oreochromis niloticus)
fingerlings fed on olive mill waste. International Journal
of Scientific and Research Publications, 2015, vol. 5, iss. 4,
pp- 94-102.

28. Hamid A., Mohamed A., Adam M., Mohamed A.
Physical & Chemical Characteristics of Blood of two Fish
Species (Oreochromis niloticus and Clarias lazera). World's
Vet., 2013, no. 3 (1), pp. 17-20.

29. Abdul Jaffar H., Jaya Rani V. Effect of phosalone on
haematological indices in the tilapia, Oreochromis mossambi-
cus. Turk. J. Vet. Anim. Sci., 2009, no. 33 (5), pp. 407-411.

30. Weinert N. C., Volpato J., Costa A., Antunes R. R,
Oliveira A. C., Scabelo -Mattoso C. R., Saito M. E. Hematology
of Nile tilapia (Oreochromis niloticus) subjected to anesthesia
and anticoagulation protocols. Semina: Ciéncias Agrarias, Lon-
drina, 2015, vol. 36, no. 6, supl. 2, pp. 4237-4250.

31. Bittencourt N. L., Molinari L. M., Scoaris D. O.,
Pedroso R. B., Nakamura C. V., Ueda-Nakamura T., Fil-
ho B. A., Filho B. P. Haematological and biochemical values
for Nile tilapia Oreochromis niloticus cultured in semi-
intensive system. Acta Scientiarum. Biological Sciences
Maringa, 2003, vol. 25, no. 2, pp. 385-389.

32. Vasil'eva E. G., Bystriakova E. A. Izmeneniia poka-
zatelei krovi tiliapii pod vliianiem elektromagnitnogo polia
[Changes in blood parameters of tilapia under influence
of electromagnetic field]. Vestnik Astrakhanskogo gosudar-
stvennogo tekhnicheskogo universiteta. Seriia: Rybnoe
khoziaistvo, 2009, no. 1, pp. 119-120.

33. Akinrotimi O. A., Agokei E. O. Effects of acclimation
on haematological parameters of Tilapia guineensis (Blecker,
1862). Science World Journal, 2010, vol. 5, no 4, pp. 1-4.

34. Shirina Tu. M., Kotel'nikov A. V., Ableev D. R.,
Ponomarev S. V., Fedorovykh Iu. V. Vliianie lechebno-
profilakticheskogo preparata ES-2 na funktsional'noe sosto-
ianie gibrida tiliapii Oreochromis SPP [Influence of ES-2
therapeutic and prophylactic drug on functional state of tilap-
ia hybrid Oreochromis SPP]. Vestnik Astrakhanskogo gosu-
darstvennogo tekhnicheskogo universiteta. Seriia: Rybnoe
khoziaistvo, 2017, no. 2, pp. 130-136.

CnmcoK MCTOYHHKOB

1. Sargent J., Henderson R. J., Tocher D. R. The Lipids
Fish Nutrition // Academic Press. 1989. P. 154-209.

2. Delgado A., Estevez A., Hortelano P., Alejandre M. J.
Analyses of fatty acids from different lipids in liver and
muscle of sea bass (Dicentrarchus labrax). Influence
of temperature and fasting // Biochem. Physiol. 1994.
N. 108. P. 673-680.

3. Guderle H., St-Pierre J. Going with the flow in the
fast lane: contrasting mitochondrial responses to thermal
change // Exp. Biol. 2002. N. 205. P. 2237-2249.

4. Epmakosa H. B. OcoOO0GHHOCTH KapaTWHOHIHOTO
cocTaBa BUTAMHHHOW J00aBKM, IONYYEHHOH Ha OCHOBE
OTXOZI0B MOPKOBH IIyTeM KOHCEPBALMH MOJOYHOKHCIBIMH

45

MHKpoopranuzmMamu // PalyioHalibHOE  HCIIOJIb30BaHUE
CBIPbS M CO31aHUE HOBBIX MPOAYKTOB OMOTEXHOJIOTHYECKOTO
Ha3HAa4YeHUS: MaTepHaisl MexayHap. Hayd.-IPakT. KOHG.
Opex: OO0 I1® Kaprym, 2018. 239 c.

5. Illempenxo B. I1. D exTHBHOCTH MPHUMEHECHUS BUTA-
MHHHOTO TPEMUKCA M KOMIUIEKCA MHKPOSJIEMCHTOB B KOM-
OukopMax Uil TOBapHOTo Kaprna // Bonpocs! nunteHcupuka-
UM IIPYAOBOrO pblOoBoACTBa: ¢O. Hayu. Tp. M.: U3n-Bo
BHUMIIPX, 1985. C. 16-18.

6. ITonomapes C. B. HoBbIi 1eueOHBIH OCETPOBBIN KOM-
OMKOpM [UIsl NPENOTBPAIICHHS JIOPJ03a M CKOJIMO3a HpH
WHAYCTPUAIGHOM BhIpaniuBanum // BectH. AcTpaxal. roc.

uonisodwood

POOJ YSIj UT  UIE)IA [}IM UOHRUIQUIOD UL JO9JJ3 JUBPIXONUR [JIM SSANIPPE dAT)OR A[[0150[01q JO SSAUSAIOILYS Sunen[eAq g 'V BAOUBYZPIWYNY “'A MA [PAACIOPI] “V 'O BUIAYT “A 'S ASIBWIOUOJ



Tlonomapes C. B., JleBuna O. A., ®enopossix 10. B., AxmemkanoBa A. b. Ouenka 3¢)(heKTUBHOCTH MPUMEHEHHUS] OMOJIOrMYECKH aKTUBHBIX T00aBOK C aHTHOKCH/IAHTHBIM JICHCTBHEM B COUYCTAHUH

¢ BuTaMuHOM E B cocTaBe MpOIyKIIMOHHBIX KOPMOB JIJIsI PBIO

Becmuuk AI'TY. Cepus: Pvionoe xo3aiicmeo. 2022. Ne 3. ISSN 2073-5529 (Print), ISSN 2309-978X (Online)
TosapHasi akeaxkyibmypa u UCKyCCmEeHHoe 80CNPOU3800CmME0 2UOpOOUOHMO8

TexH. yH-Ta. Cepus: PpiGHOe xo3siicTBO. 2005. Ne 3 (26).
C. 62-66.

7. Lovell R. T. Selenium in fish feeds: nutritional, envi-
ronment and legal aspects // Aquacultult. Meg. 1996.
V.22.N.1.P. 76-81.

8. Watanabe T., Takeuchi C., Matsui M., Ogino C., Ka-
wabata T. Effekt of a-tocopherol deficiency on carp. VIL
The relation ship between dietary levels of linoleat and
a-tocopherol requirement // Bull. Jap. Sci. Fish. 1977. V. 43.
P. 935-946.

9. Haxycos T. T., Lllopmanosa T. X., Camotinux H. /.,
Hlununa H. M. V3ydyeHue BIMSAHUSA TUTHAPOKBEPLIETHHA HA
CHCTEMY MEPEKUCHOTO OKHCIIECHHS JTHIHUIOB (AHTHOKCHIAHT-
Hasl 3alIUTa MPU OCTPOH SKCIIepUMEHTAIBHOW TMIOKCHHN) //
Bormp. ger. aueronoruu. 2005. T. 3. Ne 6. C. 9-11.

10. ITonomapes C. B., baxapesa A. A., I poszecky FO. H.
HoBbIil MOJMBUTAMHUHHBIN MPEMHUKC IS OCETPOBBIX PBIO //
BectH. ActpaxaH. roc. TexH. yH-ta. Cep.: PpiOHOe x03sii-
ctBo. 2000. Ne 1. C. 63-66.

11. baxapesa A. A., I'posecky IO. H. Bnusaue BuTamu-
HOB Ha penpoAyKTHBHBIE (HyHKIUU phiO // EcrecTB. Hayku.
2013. Ne 3 (44). C. 86-92.

12. Ilonomapesa E. H., Copoxuna M. H. Ucionp3oBaHne
BUTAMUHOB [UIsl TOBBIMICHUS PE3MCTEHTHOCTH OCETPOBBIX
pbIO B paHHeM oHTorenese // BecTH. AcTpaxaH. roc. TeXH.
yH-Ta. Cep.: PriOHOE X03siicTBO. 2004. Ne 2. C. 67-73.

13. Memannos I'. @., I'pucopves B. A., Kosanesa A. B.,
Jlesuna O. A., Copoxuna M. H. Bnusaue mnpemnapara
E-cenen Ha poct u ¢usnonornyeckue moka3aTean ruopuia
pycckuii ocemp % JeHcKuti ocemp TPHU BBIPANIABAHUU
B YCTaHOBKE 3aMKHYTOro BogocHaOxeHws // Bectn. IOx.
Hayd. neHtpa. 2013. T. 9. Ne 2. C. 57-67.

14. Memannos I'. @., Jlesuna O. A., [pucopves B. A.,
Kosaneéa A. B. buomornuecku akTHBHBIC HO0aBKH B MPO-
JOYKIMOHHBIX KOpMax g 0CeTpoBbIX phIO // BectH. Acrpa-
xaH. roc. TexH. yu-ta. Cep.: PpioHoe xo3siicTBo. 2013. Ne 3.
C. 146-152.

15. Jlakun I'. @. buomerpus. M.: Beicm. mk., 1990. 293 c.

16. Castell J. D., Tiews K. Report of the EIFAC, ITUNS
and ICES Working Group on the standardization of method-
ology in fish nutrition research // EIFAC Technical Paper.
1979. P. 1-24.

17. Kynuncxuu C. B., Bapanos B. @., Pe3nukos C. A. Pa-
IykHas (openb — IpeaBapuTeIbHbIe IapaMeTphl CTaHIapT-
HOI Mozienu MaccoHakoruieHus // IHaycTpuanbsHoe prIooBoI-
CTBO B 3aMKHYTHIX crcTeMax. 1985. Bem. 46. C. 109-115.

18. Van Kampen E. J., Zjilstra W. G. Standardization of he-
moglobinometry // Clinic Chemistry Acta. 1961. N. 6. 538 p.

19. Jlumanckuii B. B., Apowcombek A. A., bexuna E. H., An-
oponnuxos C. b. IHCTpyKIWMsA MO (U3HOJIOr0-OHOIOTHICCKAM
ananm3aM peiosl. M.: W3n-so BHUMPX, 1984. 60 c.

20. Quaunnoeuu FO. b., Ecoposa T. A., Cesacmusano-
6a I. A. llpaktukym mo oOmeit 6moxumun. M.: Ilpocsemre-
uue, 1975. 318 c.

21. Fishbach F. A., Dunning M. Manual of laboratory
diagnostic tests // Lppincott Williams & Wilkins. 2004.
V. 14.P. 1291.

22. Trinder P. Determination of glucose in blood using
glucose oxidase with an alternative oxygen acceptor // Clinic
Chemistry Acta. 1969. V. 6. P. 24-25.

23. Kosuney I'. M. ATnac KJIETOK KPOBH U KOCTHOTO MO3-
ra. M.: Tpuaga-X, 1998. 160 c.

24. Abpamos M. I'. Temaronoruueckuii atimac. M.: Me-
nunuHa, 1985. 344 c.

25. Chun-Yao C., Wooster G. A., Getchell R. G., Bowser P. R.,
Timmons M. B. Blood chemistry of healthy, nephrocalcino-
sis-affected and ozone-treated tilapia in a recirculation sys-
tem, with application of discriminant analysis / Aquaculture.
2003. V. 218. P. 89-102.

26. Palikova M., Kopp R., Mares J., Navratil S., Kubicek Z.,
Chmelar L., Band'ouchovd H., Pikula J. Selected Haematolog-
ical and Biochemical Indices of Nile Tilapia (Oreochromis
niloticus) // Reared in the Environment with Cyanobacterial
Water Bloom. ACTA VET. BRNO. 2010. P. 61-73.

27. Keri A.-I. The study of growth performance and
some biochemical parameters of Nile tilapia (Oreochromis
niloticus) fingerlings fed on olive mill waste // International
Journal of Scientific and Research Publications. 2015. V. 5.
Iss. 4. P. 94-102.

28. Hamid A., Mohamed A., Adam M., Mohamed A.
Physical & Chemical Characteristics of Blood of two Fish
Species (Oreochromis niloticus and Clarias lazera) //
World's Vet. 2013. N. 3 (1). P. 17-20.

29. Abdul Jaffar H., Jaya Rani V. Effect of phosalone on
haematological indices in the tilapia, Oreochromis mos-
sambicus // Turk. J. Vet. Anim. Sci. 2009. N. 33 (5).
P. 407-411.

30. Weinert N. C., Volpato J., Costa A., Antunes R. R.,
Oliveira A. C., Scabelo -Mattoso C. R., Saito M. E. Hema-
tology of Nile tilapia (Oreochromis niloticus) subjected to
anesthesia and anticoagulation protocols // Semina: Ciéncias
Agrarias, Londrina. 2015. V. 36. N. 6. Suplemento 2.
P. 4237-4250.

31. Bittencourt N. L., Molinari L. M., Scoaris D. O.,
Pedroso R. B., Nakamura C. V., Ueda-Nakamura T., Fil-
ho B. A., Filho B. P. Haematological and biochemical values
for Nile tilapia Oreochromis niloticus cultured in semi-
intensive system // Acta Scientiarum. Biological Sciences
Maringa. 2003. V. 25. N. 2. P. 385-389.

32. Bacunvesa E. I'., Bvicmpsikosa E. A. I3meHeHus mo-
Kazaresieil KPOBU THJIANUM IIOJ BIMSHHUEM 3JIEKTPOMArHHT-
Horo moJst // BectH. ActpaxaH. roc. TexH. yH-Ta. Cep.: PrI0-
Hoe xo3siicTBo. 2009. Ne 1. C. 119-120.

33. Akinrotimi O. A., Agokei E. O. Effects of acclimation
on haematological parameters of Tilapia guineensis (Bleek-
er, 1862) // Science World Journal. 2010. V. 5. N. 4. P. 1-4.

34. Hlupuna FO. M., Komenvhurxos A. B., Abnees J[. P.,
IHonomapes C. B., ®@edoposvix FO. B. Bnusuue neueOHO-
npodmiaktuueckoro npenapata IC-2 Ha QyHKIMOHATBHOE
coctosiuue tudpuma twasmuu Oreochromis SPP // Becth.
Actpaxan. roc. TexH. yH-Ta. Cep.: PpiOHOE X03s1#icTBO. 2017.
Ne 2. C. 130-136.

The article is submitted 28.07.2022; approved after reviewing 19.08.2022; accepted for publication 31.08.2022
Cratbs noctynuia B pegakuuto 28.07.2022; onobpena nocne peuensuposanus 19.08.2022; npunsaTa k myonukanuu 31.08.2022

46



Vestnik of ASTU. Series: Fishing Industry. 2022. N. 3. ISSN 2073-5529 (Print), ISSN 2309-978X (Online)
Commodity aquaculture and artificial reproduction of hydrobionts

Information about the authors / Uudopmanusi 06 aBTopax

Sergey V. Ponomarev — Doctor of Biology, Professor;
Professor of the Department of Aquaculture and Fisheries,
Head of RL “Sturgeon Farming and Promising Objects
of Aquaculture”; Astrakhan State Technical University;
Leading Researcher of Department of Ichthyology and
Biology; K. G. Razumovsky Moscow State University of
technologies and management; ya.panama2011@yandex.ru

Olga A. Levina - Candidate of Agricultural Sciences;
Assistant Professor of the Department of Aquaculture
and Fishery, Junior Researcher of RL “Sturgeon Farming
and Promising Objects of Aquaculture”; Astrakhan State
Technical University; levina90@inbox.ru

Yulia V. Fedorovykh — Candidate of Agricultural Sciences,
Assistant Professor; Assistant Professor of the Department
of Aquaculture and Fishery, Researcher of RL “Sturgeon
Farming and Promising Objects of Aquaculture”; Astrakhan
State Technical University; jaqua@yandex.ru

Aliya B. Akhmedzhanova - Candidate of Biology;
Assistant Professor of the Department of Aquaculture and
Fisheries, Leading Engineer of RL “Sturgeon Farming and
Promising Objects of Aquaculture”; Astrakhan State Technical
University; aliyaakhmed14@gmail.com

Cepzeit Bhaoumupoeuu Ilonomapes — noxrop Guonoru-
YeCKMX Hayk, npodeccop; npodeccop kadenpsl akBaKyIbTypbl
U PHIOOJIOBCTBA, 3aBEAYIOLIMI HAYYHO-HCCIIEAOBATEIBCKOM
naboparopueil «OceTpoBOACTBO M MEPCIICKTHBHBIE OOBEKTHI
aKBaKyJbTYpbD»; ACTpaXaHCKHI T'OCYJapCTBEHHBIH TeXHUUe-
CKM{ YHUBEPCUTET; TJIABHBI HAYYHBIA COTPYIHUK Ka(eapbl
HXTHOJOTMH W Omomnormy; MOCKOBCKHH TOCyIapCTBEHHBII
YHHMBEPCHTET TeXHoJoruii u ynpasnenus umenu K. I'. Pazymos-
ckoro; ya.panama2011@yandex.ru

Onvea Anexcanopoena Jlesuna — kanmuaar ceabCKOXo-
3SMCTBEHHBIX HAyK; JONEHT Kagenpbl aKBaKyJIbTYpPbI
¥ PHIOOJIOBCTBA, MJIA NI HAYYHBINA COTPYIHUK HAYYHO-HCCIIC-
JoBaTenbcKoi staboparopun «OCETPOBOICTBO M IMEPCIIeK-
THBHBIE O0BEKTHI aKBaKyJbTYPbD»; ACTpaxaHCKUH rocynaap-
CTBEHHBIN TeXHUYECKHH yHUBepcuTeT; levina90@inbox.ru

HOnua Bukmoposna ®edoposebix — KaHAUIAT CEIBCKO-
XO3SHUCTBEHHBIX HAYK, JOICHT; JOICHT Kaeaphl aKBaKyIlb-
TYpbl U PHIOOJIOBCTBA, HAYYHBIH COTPYJHUK HAy4HO-HCCIIe-
JoBaTeNnbckol J1aboparopun «OceTpOBOJACTBO U INEPCIEK-
THUBHBIE O0BEKTHl aKBaKyJIbTYpbl»; ACTpaxaHCKUH rocymaap-
CTBEHHBIN TEXHHYIECKHH YHHBEPCHUTET; jaqua@yandex.ru

Anusa Baumypamoena Axmeodxyncanoea — xanannat
OHOJIOTHYECKMX HAayK; MOLEHT KadeOpbl aKBaKyJIbTYpHI
U pBIOONOBCTBA, BEAYIIMH MHXKEHEp Hay4yHO-HCCIIENOBa-
TeJbCKOM Jlaboparopun «OCETPOBOACTBO U IEPCIICKTHBHBIC
00BEKTHI aKBaKyJIbTYPbD»; ACTpaxaHCKHil TOCYIapCTBEHHBIH
TexHH4Yeckuid yHuBepcuteT; aliyaakhmed14@gmail.com
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