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Abstract. This scientific study examines the experience of using astaxanthin in sterlet feeding, and its effect on the phys-
iological state of individuals. The paper uses a set of methods used in fisheries research — variational statistics and physio-
logical and biochemical tests. The reliability and validity of the scientific statements and conclusions contained in this
work are determined by a significant amount of factual material, 125 sterlet individuals were studied in total. The data ob-
tained during the study indicate that the use of astaxanthin in concentrations of 20.0, 30.0, 40.0 and 50.0 mg gives the best
physiological and biochemical parameters of cultured individuals, in comparison with the control variant. However, tak-
ing into account the maximum input of astaxanthin into feed for sturgeon fish species, the most effective and safe concen-
tration of astaxanthin in the diet of valuable aquaculture objects is 40.0 mg/kg of feed, which is confirmed by the results
of the physiological state of individuals obtained during the experiments. Indicators of energy metabolism indicate a bet-
ter accumulation of plastic substances in fish of the experimental group who consumed feed with the introduction
of astaxanthin 40 mg/kg, in this experimental variant, the level of total protein in fish was significantly higher by 26.4%
(p < 0.05) compared with the control sample, the concentration of hemoglobin was 77.4 g/l, which is 17.6% higher than
in the fish of the control group. The use of compound feed with astaxanthin had a significant effect on the content of ca-
rotenoid and vitamin A in the liver, in experimental versions these values were 2.0 times higher compared with the con-
trol sample. The accumulation of carotenoid and vitamin A in the liver is not considered a pathology, but on the contrary
is a favorable sign of a good physiological condition of aquaculture facilities. The conducted studies have generally
shown that the use of natural astaxanthin in the composition of feeds for sturgeon fish is effective, leads to an improve-
ment in the physiological state of cultivated individuals.
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AHHoTaums. PaccmarpuBaeTcs ONbIT IPUMEHEHHUs ACTaKCAaHTHHA B KOPMJIGHHH CTEPIISIAM U €ro BIMSHUE Ha (U3HO-
JIoruYecKoe coctossHue ocobeil. Mcrnonp3oBan HaOOp MPUMEHSIEMBIX B PHIOOXO3SIHCTBEHHBIX HCCIIEI0BAaHUIX METOIOB:
BapHAIIOHHOHN CTaTHCTHKU U (HH3HOJIOr0-OnOXUMHIecKHX TecToB. VicenenoBano 125 ocobett crepisinu. [lomydyeHnsre
B XOJIE MCCIIEJOBAHUS JaHHBIE CBUJAETENBCTBYIOT O TOM, UTO MCIOJIb30BaHUE aCTaKCaHTHMHA B KoHUeHTpauuu 20,0;
30,0; 40,0 u 50,0 Mr maer Hawtyuinue GpuU3NONIOro-GHOXMMHUYECKUE TIOKA3aTeN KYIbTHBUPYEMbIX 0co0eil B cpaBHe-
HUM C KOHTPOJBHBIM BapuanTtoM. HanbGomnee 3¢ dexruBHON 1 O6e30macHOil KOHIIEHTpanel aCTakCaHTHHA B palioHe
LEHHBIX 00BEKTOB aKBaKyIbTYphI siBisiercs 40,0 MI/Kr KopMa, 4TO MOATBEPIKAACTCS U pe3yiabTaTaMu (pU3HOJIOTHYE-
CKoro coctosHus ocobeil. [lokazaTenu sHepreTHueckoro oOMeHa CBUAETEIBCTBYIOT O JTy4IleM HAKOIUICHUH IIACTH-
YECKUX BEIIECTB Yy PHIO SKCIEPHMEHTAILHON TPYNIBI, YIOTPeOISBIIMX KOpPMa C BBOJOM acTakcaHTHHa 40 MI/KT,
B JJaHHOM OIIBITHOM BapHaHTE ypOBEHb 001Iero Genka y puid OblT focTOBEPHO BbINIe Ha 26,4 % (p < 0,05) B cpaBHe-
HHMU C KOHTPOJIbHOH BBIOOPKOIi, KOHIIEHTpaLys reMoriaoduHa coctaBuna 77,4 1/i, uro Ha 17,6 % BbllIe, 4eM y pbiO
KOHTPOJIbHOU Tpynnsl. Vcronap3oBaHne KOMOMKOPMA C aCTaKCAHTHHOM OKa3ajo CYLIECTBEHHOE BIMSHHE Ha COJIEp-
JKaHHe KapOTHHOMAA M BUTAMHHA A B I€U€HH, B OMBITHBIX BapHAaHTaX 3TU 3Ha4deHHs ObUTH BbIlIe B 2,0 pa3a mo cpas-
HEHHUIO C KOHTPOJbHON BhIOOpKOIl. HakomueHne kapoTHHOMIA W BUTAMHHA A B TEUEHH ABIAETCSA OIaronpHATHBIM
MIPU3HAKOM XOPOIIETo (hM3HOJIOTUIECKOTO COCTOSHUS 00BEKTOB aKBaKyNIbTYpHL. [IpoBeneHHBIE MCCIIeIOBaHUS B Iie-
JIOM TI0KAa3alld, YTO MCIOJIb30BAHUE HATYpaJbHOTO ACTAKCAHTHHA B COCTaBE€ KOPMOB JUIS OCETPOBBIX PBIO ABIAETCS
3¢ })eKTUBHBIM, NPUBOAUT K YJIYUIICHHIO (YU3HOJOTHYECKOTO COCTOSHUS KyIbTUBHPYEMBIX 0COOCH.

KiroueBble c10Ba: acTakCaHTUH, CTEPIISIIb, PU3HOIOTO-ONOXIMMHUYCCKIE ITOKA3aTeNH, JICHKomuTapHas Gopmya, me-
YeHb, BUTAMUH A
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Introduction

Currently, the development of aquaculture is one
of the important directions of the agro-industrial sec-
tor, which allows providing the population with prod-
ucts of aquatic biological resources. Global aquacul-
ture production has shown impressive growth over the
past decades. In 2018, the global production of hydro-
bionts amounted to 179 million tons. Consumption
was expressed in the amount of 20.5 kg per capita per
year. The share of the aquaculture sector in the global
consumption of fish and seafood is 46% of the total
volume and 52% for consumption directly for food.
Since 2016 aquaculture has become the main source
of fish for human consumption on a global scale. By
2030 its share is projected to be 59% [1].

The increase in the production of aquaculture prod-
ucts confirms the relevance of the development of feed
production in order to provide the industry with high-
quality compound feeds and feed additives. An im-
portant criterion for choosing feed additives is environ-
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mental safety. An ideal antioxidant should be easily ab-
sorbed by the body and prevent the formation of free
radicals at physiologically significant levels. Therefore,
the use of natural antioxidants is of particular interest [2].

One of the main stages of metabolism in the body is
the digestibility and digestibility of feed nutrients, the
effectiveness of which to a certain extent depends on the
use of biologically active substances in diets that have
antioxidant properties and have a stimulating effect on
vital body functions. When developing the composition
of recipes for complete dry combined feeds in industrial
aquaculture, it is necessary to pay attention to the pres-
ence of a number of irreplaceable biologically active
feed components in them. Among them, along with
vitamins and minerals, are carotenoids — natural pig-
ments contained in the natural food of fish [3].

The role of carotenoids for the course of normal
physiological processes is indisputable. Scientists have
found out the immunostimulant role of carotenoids.
Carotenoids increase cytostatic activity of killer cells,
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slow down tumor growth and accelerate wound heal-
ing [4-6]. Their importance in increasing the body's
resistance to exposure to toxic substances under hy-
poxia conditions is also noted [7, 8]. A large number
of carotenoid pigments were found in the tissues and
organs of hydrobionts [9].

In this scientific study, astaxanthin of natural origin
has been studied, it has antioxidant, provitamin and
antimutagenic activity, is used in the food industry,
agriculture and medicine [4].

The aim of the research was to study the effect of the
antioxidant astaxanthin of natural origin on the physio-
logical state of sterlet.

Materials and methods of research

Experimental work was carried out on the basis
of the Innovation Center “Bioaquapark — STC of Aqua-
culture” of the Astrakhan State Technical University.
The objects of the study were yearlings of sterlet
(Acipenser ruthenus, Linnaeus, 1758). The scientific
work included an assessment of the effectiveness of the
use of the natural antioxidant astaxanthin in feeds for
valuable fish species.

Astaxanthin is a carotenoid that, compared to beta—
carotene, has two additional oxygen atoms on each
of the six-membered rings, belonging to the xanthophyll
group. The presence of chromophore groups (conjugat-
ed double bonds and quinoid groupings in rings) gives
astaxanthin a rich red color.

According to the recommendations of S. V. Pono-
marev (2010) [4], the introduction of astaxanthin up to
50 mg per 1 kg of feed is allowed for sturgeon fish. The
use of astaxanthin in fish feed is approved by the Food
and Drug Administration (FDA). Astaxanthin is regis-
tered as a food additive E161].

The bioavailability of astaxanthin is not too high,
but the absorption of astaxanthin improves when com-
bined with edible oils, such as fish oil. Astaxanthin is
a lipophilic compound, it dissolves well in oils. Before
being introduced into experimental feeds, astaxanthin
was previously dissolved in liquid fish oil. The study
of diets with different levels of fat showed that the fat
content of feed for valuable aquaculture objects should
be from 4-8% [10].

The study on the cultivation of sterlet yearlings
was carried out on five experimental groups. So, the
first group (control) received a food product balanced
in all nutrition elements, according to physiological
needs. The second group (Test 1) received the diet
of the 1st group with the addition of the natural antiox-
idant astaxanthin in the amount of 20 mg/kg. The third
group (Test 2) received the diet of the 1st group with
the addition of astaxanthin in the amount of 30 mg/kg.
The fourth group (Test 3) received the diet of the 1st
group with the addition of astaxanthin in the amount
of 40 mg/kg. The fifth group (Test 4) received the diet
of the 1st group with the addition of astaxanthin in the
amount of 50 mg/kg (Table 1).

Table 1

Scheme of the main parameters of the tests in the cultivation of sterlet yearlings (Acipenser ruthenus, Linnaeus, 1758)

Indicators Tests

Control Test 1 Test 2 Test 3 Test 4
Dict Basic dict (BD) BD +20 mg/kg BD + 30 mg/kg BD +40 mg/kg BD + 50 mg/kg
astaxanthin astaxanthin astaxanthin astaxanthin

Granule size, mm 2.0
Tanks Tank ICA-1
Stocking density, pcs./m” 25
Feeding method Manually, by eatability
Research period, days 40
Survival rate, % 100

Cultivation was carried out at the same planting
density and constant temperature regime in accordance
with the biological feature of the species. The growing
conditions are shown in Fig. 1.

Fish feeding was carried out manually 2 times in
the daytime. The daily feeding rate was determined
according to the feed tables depending on the average
weight of fish and water temperature [2].

To assess the possibility of using and the effective-
ness of the use of a component of carotenoid origin as
an antioxidant source, taking into account the biologi-
cal characteristics of the nutrition of cultivated fish,
feeds were developed, including the natural antioxi-
dant astaxanthin in the amount of 20, 30, 40, 50 mg
per 1 kg of feed.
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Fig. 1. Growing conditions
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The control and experimental feeds were made in The physiological state of the studied objects was
laboratory conditions using feed components of do-  assessed by biochemical parameters of protein, lipid
mestic production by wet pressing, the conditions for and carbohydrate metabolism (blood composition),
the manufacture of all feed variants were the same according to the developed methods [11-14].

(Fig. 2).

a b c d e

Fig. 2. Samples of experimental feed for sterlet: @ — Control; b — Test 1; ¢ — Test 2; d — Test 3; e — Test 4

The level of beta-lipoproteins was determined by A Unico 2100 spectrophotometer was used to
the Burstein method [15]. Blood was taken in vivo  measure the optical density of the samples obtained.

from the tail vein of fish into Eppendorf tubes (Fig. 3). The following indicators were determined: the con-
\ , centration of hemoglobin photometrically using a set

of reagents from Agat-Med [16], the rate of erythrocyte
sedimentation (ESR) on the device of R. P. Panchen-
kov [17].

Blood smears were prepared using a dye fixative
from Olvex-diagnosticum (Russia) using the May-
Grunwald method [17, 18]. Identification of leuko-
cytes by stages of their cytogenesis, evaluated by dif-
ferential counting of cell types. 200 leukocytes were
identified on each blood smear of juvenile sterlet, tak-
ing into account their cytogenesis according to the
classification of N. T. Ivanova [18].

The leukocyte shift index was calculated by the
formula [18]

Fig. 3. Taking blood from the caudal vein
in the studied hydrobionts

eosinophils + basophils + myelocytes + metamyelocytes + rod-shaped + segmented

ISL =
monocytes + lymphocytes
The study of the smallest details on histological Research results
blood samples was performed with an Olympus elec- Hematological and biochemical indicators of blood
tron microscope (Japan). are an adequate indicator of the quality and balance
The content of carotenoid pigments and vitamin A  of the feed consumed.
in the liver of reared fish was determined by colorimet- One of the elements of the biochemical assessment

ric method on a Unico 2100 spectrophotometer [19].  of the physiological state of cultured fish is the charac-
Considering the physiological role of the astaxanthin teristic of the metabolic function of blood [21]. In or-
carotenoid in a living organism, it was advisable to con-  der to identify changes in metabolic processes, the
sider the retinol-forming function, since in the study  dynamics of such indicators as ESR, hemoglobin con-
astaxanthin was previously dissolved in fish oil, for bet-  centration, leukocyte formula, leukocyte shift index
ter passive diffusion in the intestinal epithelium. Fish oil ~ of total serum protein, glucose, beta-lipoproteins, al-
is standardized according to the content of vitamin A —  bumin and cholesterol in blood serum were studied.
at least 350 IU/g. The data of physiological indicators of sturgeon fish
The results of the research were processed using in natural conditions were used as normative values:
generally accepted methods of biological statistics and ~ ESR — 2.0-4.0 mm/h, hemoglobin — 50.0-80.0 g/1, cho-
the Microsoft Excel program. The level of differences lesterol — 1.0-3.5 mmol/l, total protein — 20.0-40.0 g/1,
was assessed using the Student's reliability criterion [20].  beta-lipoproteins — 1.0-5.0 g/1, glucose — 3.0-6.5 g/l [22].
The results of the analysis of the physiological state
of the sterlet are presented in Table 2.
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Table 2
Hematological parameters of sterlet blood* (n = 25)
Indicator Control Test 1 Test 2 Test 3 Test 4
Hemoelobin. o/l 62.8+6.5 549429 55.0+3.3 56.2 £2.01 580+1.4
g '8 65.8 +4.8 71.3 £ 3.7%* 70.8 & 4.2%* 77.4 + 4.04%* 72.8 £ 1.2%*
2.2£0.6 1.5+£0.3 1.8£0.3 2.0£0.8 23+£04
ESR, mm/h 272023 2.6+04 28202 25:07 30206

* Numerator — the beginning of the experiment, denominator — the end of the experiment; ** p < 0.05 — the differences are significant.

The rate of ESR and hemoglobin level in all variants
of the experiment remained within the normative values,
which indicates a constant protein composition of blood
plasma [22]. According to the ESR indicator, no differ-
ences were found in the study variants (p > 0.05).

As can be seen from the results given in accord-
ance with Table 2, there is a positive trend in the use
of astaxanthin in experimental variants, which affects
the increase in hemoglobin levels. The concentration
of hemoglobin in variants 1, 2, 3 and 4 was: 71.3, 70.8,
77.4 and 72.8 g/1, respectively, which is 7.6, 8.4, 17.6
and 10.6% higher than in the fish of the control group.
The high hemoglobin content in the experimental
groups (within the reference values) may be associated
with a more intensive metabolism in the body of fish.
Since the antioxidant astaxanthin was used in the feed,

:
=
=
=

Basophils

Eosinophils

Neutrophils

Monocytes

which increases the rheological parameters of the
blood, which suggests a positive effect on the micro-
circulation of blood in the body of fish. The blood cir-
culation depends on how well the organs are supplied
with nutrients and oxygen. It is difficult to underesti-
mate this property of astaxanthin [4].

A fairly informative indicator in assessing the
overall physiological state of the body is the leukocyte
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
studied object long before the appearance of clinical
signs of emerging pathologies [23]. The leukocyte
formula of the blood of the fish under study is present-
ed in accordance with Fig. 4.

]

Lymphocytes

0 10 20 30

40 50 60 70 80

Share. %

OControl OTest 1

BTest2 BTest3 MTest4

Fig. 4. The ratio of shaped blood elements in sterlet

The fish was characterized by a lymphocytic profile —
the basis of white blood was lymphocytes, the propor-
tion of which in the total pool of leukocytes does not fall
below 70% and did not exceed 90%. Lymphocytes are
responsible for immune surveillance, formation and
regulation of cellular and humoral immune response,
synthesizing protective antibodies, lysing foreign cells,
ensuring the destruction of their own mutant cells.

As can be seen from Fig. 4, the proportion of lym-
phocytes in the studied experimental groups ranged
from 74.7-76.0% (p > 0.05) these indicators correspond
to the physiological norm for fish. The indices of leuko-
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cyte shift in fish in the experimental versions of the
study did not differ significantly, the indicators ranged
from 0.26-0.28%, these indicators were within the refer-
ence values, for sturgeon fish these values range from
0.25-0.40% [24].

The dynamics of biochemical indicators serves as
a marker of the state of the fish organism in artificial and
natural reservoirs, characterizes the quality and quantity
of nutrition, planting density, adaptive abilities of fish,
the intensity of anthropogenic factors [25]. The results
of the biochemical study are presented in Table 3.
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Table 3
Physiological and biochemical parameters of sterlet blood* (n = 25)
Indicator Control Test 1 Test 2 Test 3 Test 4
Total protein, g/l 285+1.5 216+1.9 24.6+2.6 23.1+3.7 223+2.2
’ 28.8+9.5 352+ 1.6%* 33.8 + 8.7%* 36.4 +£9.3%* 34.0 £ 1.8%**
Glucose, g/l 22+0.2 2.6+0.7 2.5+0.2 2.5+0.2 23+£0.1
’ 2.5+0.8 3.7 £0.6%* 3.6 £0.5%* 4.0+ 1.2%* 3.5£0.7*%*
Cholesterol. mmol/l 33+02 35+03 34+02 30+04 32+0.6
’ 3.5+ 0.2%* 24+0.2 25+0.3 2.0+0.1 26+0.2
B-lipoproteins, g/l 33+0.2 3.0£03 28+04 29+0.5 2.7+0.1
’ 35+03 33+0.2 3.5+£0.2 3.7+04 34+0.5
Albumin, /1 249451 22.0+4.3 258+0.4 27.0+1.8 25.0+0.9
> 31.6 £0.3 320+£1.2 33.0£1.2 340£1.5 320=+1.1

* Numerator — the beginning of the experiment, denominator — the end of the experiment; ** p < 0.05 — the differences are significant.

The level of total whey protein at the beginning
of the study for Tests 1-4 was low, but was within the
normative values and was relatively homogeneous. The
variability was 1.5-4.0%. The obtained low data on the
concentration of total protein in the blood before the
start of the experiment, most likely, indicate a high level
of stress load, which is overcome due to the additional
energy obtained during protein breakdown. At the end
of the experiment, the indicators of total protein were
significantly higher in the experimental variants (feed
with the addition of astaxanthin), by 17.4, 18.1, 22.2
and 26.4% in comparison with the control sample, the
best indicators were characteristic of Test 3.

At the end of the experiment, the glucose concen-
tration in the experimental tests was within the physio-
logical norm (from 3.0-4.0 g/l), which is the result
of the normal operation of the enzymatic system that
catalyzes the transformation of glucose, the control
group was characterized by low concentration values
glucose levels are below the reference values [22]. The
experimental variants of the study were characterized
by data that significantly differed in contrast to the
control sample (p < 0.05).

For the growth of the body and cell division, the
concentration of cholesterol in the blood plays an im-
portant role, which comes from food or is produced by
its own cells and synthesized in the liver [21]. The cho-
lesterol level in the blood of fish above 3.7 g/l is consid-
ered pathological and indicates the effect of stressful
environmental factors [22]. In the conditions of the
study, there was an unambiguous tendency to decrease
cholesterol in the blood of fish that consumed feed with
the addition of astaxanthin to the feed formulation. At
the same time, the greatest changes occurred in Test 3
(a decrease in this indicator by 75.0%), while in Tests 1,
2 and 4 it decreased by 20.0, 25.0 and 23.1%, respec-
tively. In the control Test, the cholesterol level was sig-
nificantly higher (p < 0.05) and did not even change
slightly in comparison with the initial data.

The most cholesterol-rich particles are -lipoproteins
(low-density cholesterol) [21]. Under growing conditions,
this indicator was at the level of 2.8-3.05 g/, which corre-
sponds to the values (1.0-5.0 g/l) characteristic of fish
from natural habitats [22]. There were no differences in
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the level of beta-lipoprotein concentration (p > 0.05).

The term “total protein” refers to the total concentra-
tion of albumin and globulin in the blood serum. Of all
the proteins, albumin synthesized in the liver is present
in the highest concentration in plasma. It is necessary to
maintain osmotic balance, ensuring the normal distribu-
tion of fluid between the blood vessels and the extravas-
cular space. With starvation or insufficient intake
of proteins from food, the albumin content in the plasma
drops, which can lead to increased accumulation of wa-
ter in the tissues (edema). This condition associated with
protein deficiency is called starvation edema [26]. As
a result of the conducted studies, there is an increase in
this indicator after feeding in all experimental variants
and in the control group, there are no significant differ-
ences among these groups (p > 0.05).

The data obtained during the study indicate that the
use of astaxanthin in concentrations of 20.0, 30.0, 40.0
and 50.0 mg gives the best physiological and biochemi-
cal parameters of cultured individuals. However, taking
into account the maximum input of astaxanthin into
feed for sturgeon fish species, the most effective and
safe concentration of astaxanthin in the diet of valuable
aquaculture objects is 40.0 mg/kg of feed, which is con-
firmed by the results obtained during the experiments.

Thus, the results obtained indicate the effective uti-
lization of consumed feed and activation of plastic
metabolism, which is confirmed by the data of physio-
logical and biochemical analysis, as well as the ab-
sence of any disturbance in the transformation of sub-
stances in the body. This indicates the effectiveness
of the use of astaxanthin in sturgeon feed, the highest
physiological and biochemical parameters were char-
acteristic of Test 3, where astaxanthin was added to the
feed 40 mg per 1 kg of feed. The indicators of energy
metabolism also indicate a better accumulation of plas-
tic substances in the fish of this experimental group,
the level of total protein was significantly higher by
26.4% (p < 0,05) compared to the control sample, the
concentration of hemoglobin was 77.4 g/l, which is
17.6% higher than in the fish of the control group.

Carotenoids, being precursors of retinol, play an
important role in the antioxidant system [27, 28]. The-
se properties are determined by the structural features
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of these substances. The presence of a large number of
double bonds in carotenoid molecules helps to reduce
the aggressive effects of free radicals, and thereby pro-
tects biological membranes from damage. It should be
noted that the inclusion of synthetic astaxanthin in the
compound feed for sturgeon negatively affects the
growth and survival of fish, compared with natural
carotenoid preparations [29]. It is a well-known fact
that astaxanthin has a much greater antioxidant proper-
ty compared to other carotenoids. This is due to the
presence of hydroxyl groups in its molecules. Howev-
er, this statement concerns only astaxanthin of natural
origin, in this study natural (natural) astaxanthin was
used whereas preparations from its synthetic analogue
have the same chemical formula, but in a different
isomeric form. Probably, this is the reason for the in-
sufficient effectiveness of this additive in the cultiva-
tion of sturgeon fish.

Due to the fact that the natural antioxidant astaxan-
thin has pro-A-vitamin activity [30], it was advisable
to determine the probability of accumulation of vita-
min A and carotenoid in the liver. Vitamin A or retinol
is found exclusively in animal fats (in the study, liquid
fish oil was used, which contains vitamin A, natural
astaxanthin was dissolved in it).

The use of compound feed with astaxanthin had
a significant effect on the content of carotenoids in the
liver. Before the experiment, the carotenoid content in
the liver of hydrobionts was no higher than 0.73 mg
per 100 g of raw tissue, after feeding, the indicators
changed markedly, in the experimental variants an in-
crease in the carotenoid content in the liver was noted
from 1.09-1.78 mg per 100 g of raw tissue, while in the
control this indicator changed by 0.37 mg per 100 g
of raw fabric. In the experimental versions, this value
was 2.0 times higher (Fig. 5).
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Fig. 5. Biochemical parameters of sterlet liver (amount of carotenoid) (n = 16)

The most carotenoid in the liver was observed in
Tests 3 and 4, the indicators in these study groups
were higher by 1.31-1.37 mg per 100 g of raw tissue,
in contrast to the control sample.

A similar situation turned out to be with the
amount of vitamin A in the liver, at the beginning of
the experiment, the indicators of the study Tests were
of the same order (p < 0.05) (Fig. 6).
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Fig. 6. Biochemical parameters of sterlet liver (amount of vitamin A) (n = 16)
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Upon completion of feeding, the fish that con-
sumed feed, with the addition of astaxanthin, the indi-
cators for the amount of vitamin A accumulation
changed significantly compared to the control group.
The indicators of Tests 1, 2, 3 and 4 were 1.9, 2.0, 2.4
and 2.5 times higher, respectively, in comparison with
the control sample.

According to literature data, the content of vitamin A
in the liver of sturgeon fish varies widely and depends on
the characteristics of nutrition, age, sex, place of catch,
even for the same type of fish, the concentration of vita-
min A in the liver varies depending on the conditions
of its existence, and increases significantly with the age
of the fish. For juvenile sturgeon species, this indicator
varies from 0.5-29.4 mg/%, for older age groups from
2.5-131.3 mg/% [31].

As a result of the experiment, it was found that the
accumulation of vitamin A in the tissues of farmed fish
occurs in proportion to the increase in carotenoid, this
conclusion is confirmed by the opinion of other au-
thors [32, 33]. This suggests that the addition of natu-
ral astaxanthin in combination with liquid fish oil to
the compound feed provides an increase in the concen-
tration of vitamin A in the liver of fish, which is a fa-
vorable sign of good fish health.

Thus, the conducted studies have generally shown
that the use of natural astaxanthin in the composition
of feed for sturgeon fish is effective, leads to an im-
provement in the physiological state of cultivated hy-
drobionts. This indicates that astaxanthin is of natural
origin, performs antioxidant and anti-stress functions.

Conclusion

The study of the most effective concentration
of astaxanthin in the diet of valuable fish species re-
vealed that the use of astaxanthin of natural origin in
concentrations of 20.0, 30.0, 40.0 and 50 mg per 1 kg
of feed gives the best physiological and biochemical
indicators of cultured individuals in all experimental
versions of the study. This is quite understandable,
according to the literature, the antioxidant astaxanthin
of natural origin has a unique molecular structure that
allows it to be both inside and outside the cell mem-

brane at the same time. The mechanisms of action of
astaxanthin in protection against oxidative damage
include suppression of singlet oxygen, absorption of
radicals to prevent chain reactions, inhibition of perox-
idation to preserve the membrane structure, improve-
ment of immune system function and regulation of
gene expression. As a result of the conducted studies,
it was found that the most effective input rate for stur-
geon fish species is a dosage of 40.0 mg/kg.

Indicators of energy metabolism and hematological
indicators indicate a better accumulation of plastic sub-
stances in the fish of the experimental group (a variant
with the addition of astaxanthin to feed 40 mg/kg).
Hemoglobin in this sample was 17.6% higher than in
the fish of the control group, in the same version of the
study, in comparison with the control group, the level
of total protein was significantly higher by 26.4%
(p < 0.05). At the end of the experiment, in the experi-
mental variants, the glucose concentration was within
the physiological norm (from 3.0-4.0 g/l), which is the
result of the normal operation of the enzymatic system
that catalyzes the transformation of glucose, the control
group was characterized by low glucose concentrations
below the reference values.

As a result of the conducted studies, it was found
that the accumulation of carotenoid and vitamin A in the
tissues of farmed fish occurs in proportion to the in-
crease in carotenoid. This suggests that the addition
of natural astaxanthin to the compound feed provides an
increase in the concentration of vitamin A in the liver
of fish, which is a favorable sign of good fish health.

Thus, it can be said that the antioxidant astaxanthin
provided more favorable trophic and biochemical condi-
tions necessary, in particular, for the normal growth and
development of fish. The fish during the experiment
with astaxanthin did not show any anxiety after feeding.
Astaxanthin did not show a pigmenting role in the col-
oring of tissues and external integuments on sterlet. The
results obtained indicate the effective utilization of con-
sumed feed and activation of plastic metabolism, which
is confirmed by the data of physiological and biochemi-
cal analysis, as well as the absence of any disturbance in
the transformation of substances in the body.
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