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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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я Научная статья 

Изучение эффективности использования антиоксиданта астаксантина 
в составе кормов ценных объектов аквакультуры  
на основе оценки их физиологического состояния 

А. Б. Ахмеджанова�, С. В. Пономарев,  
Ю. В. Федоровых, О. А. Левина, Н. В. Терганова 

Астраханский государственный технический университет, 
Астрахань, Россия, aliyaakhmed14@gmail.com� 

Аннотация. Рассматривается опыт применения астаксантина в кормлении стерляди и его влияние на физио-
логическое состояние особей. Использован набор применяемых в рыбохозяйственных исследованиях методов: 
вариационной статистики и физиолого-биохимических тестов. Исследовано 125 особей стерляди. Полученные 
в ходе исследования данные свидетельствуют о том, что использование астаксантина в концентрации 20,0; 
30,0; 40,0 и 50,0 мг дает наилучшие физиолого-биохимические показатели культивируемых особей в сравне-
нии с контрольным вариантом. Наиболее эффективной и безопасной концентрацией астаксантина в рационе 
ценных объектов аквакультуры является 40,0 мг/кг корма, что подтверждается и результатами физиологиче-
ского состояния особей. Показатели энергетического обмена свидетельствуют о лучшем накоплении пласти-
ческих веществ у рыб экспериментальной группы, употреблявших корма с вводом астаксантина 40 мг/кг,  
в данном опытном варианте уровень общего белка у рыб был достоверно выше на 26,4 % (р ≤ 0,05) в сравне-
нии с контрольной выборкой, концентрация гемоглобина составила 77,4 г/л, что на 17,6 % выше, чем у рыб 
контрольной группы. Использование комбикорма с астаксантином оказало существенное влияние на содер-
жание каротиноида и витамина А в печени, в опытных вариантах эти значения были выше в 2,0 раза по срав-
нению с контрольной выборкой. Накопление каротиноида и витамина А в печени является благоприятным 
признаком хорошего физиологического состояния объектов аквакультуры. Проведенные исследования в це-
лом показали, что использование натурального астаксантина в составе кормов для осетровых рыб является 
эффективным, приводит к улучшению физиологического состояния культивируемых особей. 

Ключевые слова: астаксантин, стерлядь, физиолого-биохимические показатели, лейкоцитарная формула, пе-
чень, витамин А 
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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-

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 E161j. 

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 

Diet Basic diet (BD) 
BD + 20 mg/kg 

astaxanthin 
BD + 30 mg/kg 

astaxanthin 
BD + 40 mg/kg 

astaxanthin 
BD + 50 mg/kg 

astaxanthin 

Granule size, mm 2.0  

Tanks Tank ICA-1 

Stocking density, pcs./m2 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. 

 
 

Fig. 1. Growing conditions 
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я The control and experimental feeds were made in 
laboratory conditions using feed components of do-
mestic production by wet pressing, the conditions for 
the manufacture of all feed variants were the same 
(Fig. 2).  

The physiological state of the studied objects was 
assessed by biochemical parameters of protein, lipid 
and carbohydrate metabolism (blood composition), 
according to the developed methods [11–14]. 

 

     

 
  а 

 
  b 

 
  c 

 
 d 

 
 e 

 

Fig. 2. Samples of experimental feed for sterlet: a – Control; b – Test 1; c – Test 2; d – Test 3; e – Test 4 
 

The level of beta-lipoproteins was determined by 
the Burstein method [15]. Blood was taken in vivo 
from the tail vein of fish into Eppendorf tubes (Fig. 3).  

 

 
 

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

A Unico 2100 spectrophotometer was used to 
measure the optical density of the samples obtained. 

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] 

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

monocytes + lymphocytes
ISL =  

 

The study of the smallest details on histological 
blood samples was performed with an Olympus elec-
tron microscope (Japan). 

The content of carotenoid pigments and vitamin A 
in the liver of reared fish was determined by colorimet-
ric method on a Unico 2100 spectrophotometer [19]. 
Considering the physiological role of the astaxanthin 
carotenoid in a living organism, it was advisable to con-
sider the retinol-forming function, since in the study 
astaxanthin was previously dissolved in fish oil, for bet-
ter passive diffusion in the intestinal epithelium. Fish oil 
is standardized according to the content of vitamin A – 
at least 350 IU/g.  

The results of the research were processed using 
generally accepted methods of biological statistics and 
the Microsoft Excel program. The level of differences 
was assessed using the Student's reliability criterion [20]. 

 
 

Research results 
Hematological and biochemical indicators of blood 

are an adequate indicator of the quality and balance  
of the feed consumed.  

One of the elements of the biochemical assessment 
of the physiological state of cultured fish is the charac-
teristic of the metabolic function of blood [21]. In or-
der to identify changes in metabolic processes, the 
dynamics of such indicators as ESR, hemoglobin con-
centration, leukocyte formula, leukocyte shift index  
of total serum protein, glucose, beta-lipoproteins, al-
bumin and cholesterol in blood serum were studied. 

The data of physiological indicators of sturgeon fish 
in natural conditions were used as normative values: 
ESR – 2.0-4.0 mm/h, hemoglobin – 50.0-80.0 g/l, cho-
lesterol – 1.0-3.5 mmol/l, total protein – 20.0-40.0 g/l, 
beta-lipoproteins – 1.0-5.0 g/l, 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 

Hemoglobin, g/l 
62.8 ± 6.5 

65.8 ± 4.8 
54.9 ± 2.9 

71.3 ± 3.7** 
55.0 ± 3.3 

70.8 ± 4.2** 
56.2 ± 2.01 

77.4 ± 4.04** 
58.0 ± 1.4 

72.8 ± 1.2** 

ESR, mm/h 
2.2 ± 0.6 

2.7 ± 0.3 
1.5 ± 0.3 

2.6 ± 0.4 
1.8 ± 0.3 

2.8 ± 0.2 
2.0 ± 0.8 

2.5 ± 0.7 
2.3 ± 0.4 

3.0 ± 0.6 

 
* 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/l, 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, 

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. 

 

 
 

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-

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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Physiological and biochemical parameters of sterlet blood* (n = 25) 

Indicator Control Test 1 Test 2 Test 3 Test 4 

Total protein, g/l 
28.5 ± 1.5 

28.8 ± 9.5 
21.6 ± 1.9 

35.2 ± 1.6** 
24.6 ± 2.6 

33.8 ± 8.7** 
23.1 ± 3.7 

36.4 ± 9.3** 
22.3 ± 2.2 

34.0 ± 1.8** 

Glucose, g/l 
2.2 ± 0.2 

2.5 ± 0.8 
2.6 ± 0.7 

3.7 ± 0.6** 
2.5 ± 0.2 

3.6 ± 0.5** 
2.5 ± 0.2 

4.0 ± 1.2** 
2.3 ± 0.1 

3.5 ± 0.7** 

Cholesterol, mmol/l 
3.3 ± 0.2 

3.5 ± 0.2** 
3.5 ± 0.3 

2.4 ± 0.2 
3.4 ± 0.2 

2.5 ± 0.3 
3.0 ± 0.4 

2.0 ± 0.1 
3.2 ± 0.6 

2.6 ± 0.2 

β-lipoproteins, g/l 
3.3 ± 0.2 

3.5 ± 0.3 
3.0 ± 0.3 

3.3 ± 0.2 
2.8 ± 0.4 

3.5 ± 0.2 
2.9 ± 0.5 

3.7 ± 0.4 
2.7 ± 0.1 

3.4 ± 0.5 

Albumin, g/l 
24.9 ± 5.1 

31.6 ± 0.3 
22.0 ± 4.3 

32.0 ± 1.2 
25.8 ± 0.4 

33.0 ± 1.2 
27.0 ± 1.8 

34.0 ± 1.5 
25.0 ± 0.9 

32.0 ± 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 β-lipoproteins 
(low-density cholesterol) [21]. Under growing conditions, 
this indicator was at the level of 2.8-3.05 g/l, which corre-
sponds to the values (1.0-5.0 g/l) characteristic of fish 
from natural habitats [22]. There were no differences in 

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% (р ≤ 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 



Vestnik of Astrakhan State Technical University. Series: Fishing industry. 2024. N. 1 

ISSN 2073-5529 (Print), ISSN 2309-978X (Online) 

Commodity aquaculture and artificial reproduction of hydrobionts 
 

 

 

57 

A
k

h
m

ed
zh

an
o
v

a A
. B

., P
o
n
o

m
arev

 S
. V

., F
ed

o
ro

v
y

k
h

 Y
u

. V
., L

ev
in

a О
. А

., T
erg

an
o

v
a N

. V
. T

h
e in

v
estig

atio
n
 o

f th
e effectiv

en
ess o

f th
e an

tio
x
id

an
t astax

an
th

in
 u

se in
 th

e feed
 o

f v
alu

ab
le aq

u
acu

ltu
re 

o
b
jects b

ased
 o

n
 th

eir p
h
y

sio
lo

g
ical state assessm

en
t 

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).  

 

 
 

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). 

 

 
 

Fig. 6. Biochemical parameters of sterlet liver (amount of vitamin A) (n = 16) 
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я 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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