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Abstract. The article presents the results of a study of the influence of the mineral and vitamin supplement  

E-selenium on the functioning of the reproductive system of the Russian-Lena sturgeon hybrid that has not reached 

sexual maturity, and the broodstock of the sterlet × beluga hybrid. To do this, we studied a complex of physiological 

and biochemical blood parameters (hemoglobin, ESR, total protein, β-lipoproteins, cholesterol), reflecting the intensi-

ty and direction of metabolism, as well as the state of the gonads based on morphological characteristics using ultra-

sound scanning and analysis of histological preparations of the gonads. Two series of experiments were carried out 

with the addition of the E-selenium drug to the feed: experiments with immature fish – with low (300 µg/kg) and high 

(2 000 µg/kg of feed) concentrations and experiments with mature hybrids, to the feed of which the drug was added at 

the rate of 1 mg of selenium and 100 mg of vitamin E / kg of feed. The use of the E-selenium drug in the first series of 

experiments did not contribute to the accelerated development of the generative function, which was confirmed by the 

level and direction of metabolism, but it had a positive effect on the level of mass accumulation in fish in the experi-

mental version at high concentrations of the E-selenium drug. The use of the drug in the feed of sexually mature ster-

let × beluga hybrids revealed its positive effect on the reproductive system. An increase in the intensity of generative 

metabolism, the marker of which was the content of total protein and β-lipoproteins in the blood, contributed to an in-

crease, in comparison with the control, in the proportion of mature females (IV SZG) by two times and a decrease in 

the proportion of females remaining at stage II of maturation by 1.8 times, in relation to the control. In the case of the 

control, signs of a slight stress state of the fish were found, which did not appear in the experimental batch of fish. 
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Научная статья 

Оценка влияния биологически активных веществ  

на оптимизацию физиологических процессов  

потенциальных производителей осетровых 

Петр Петрович Гераскин, Анжелика Вячиславовна Ковалева�,  

Вадим Алексеевич Григорьев, Алтанцэцэг Батсух
 

Астраханский государственный технический университет, 

Астрахань, Россия, anhramova@yandex.ru� 

Аннотация. Приведены результаты исследования влияния минерально-витаминной добавки Е-селен на фи-

зиологическое состояние гибрида русско-ленского осетра, не достигшего половой зрелости, и производителей 

маточного стада гибрида стерлядь × белуга. Для этого изучали комплекс физиолого-биохимических показате-

лей крови (гемоглобин, СОЭ, общий белок, β-липопротеиды, холестерин), отражающих интенсивность  

и направленность метаболизма, а также состояние гонад по морфологическим признакам с использованием 

УЗИ-сканирования и анализа гистологических препаратов гонад. Поставлены две серии экспериментов с до-

бавлением препарата Е-селен в корм: опыты с неполовозрелыми рыбами – с низкими (300 мкг/кг) и высокими  

(2 000 мкг/кг корма) концентрациями – и опыты с половозрелыми гибридами, в корм которых добавляли препарат 

из расчета 1 мг селена и 100 мг витамина Е / кг корма. Использование препарата Е-селен в первой серии опытов  

не способствовало интенсификации генеративной функции, что подтверждено уровнем и направленностью обме-

на веществ, однако оно положительно отразилось на уровне массонакопления у рыб в варианте опыта при высо-

ких концентрациях препарата Е-селен. Применение препарата в кормах половозрелых гибридов стерлядь × белуга 

выявило положительное его влияние на репродуктивную систему. Повышение интенсивности генеративного об-

мена, маркером которого служило содержание в крови общего белка и β-липопротеидов, способствовало увеличе-

нию, в сравнении с контролем, доли созревших самок (IV стадия зрелости гонад) в 2 раза и снижению доли самок, 

оставшихся на II стадии созревания, в 1,8 раза по отношению к контролю. В случае с контролем обнаружены при-

знаки небольшого стрессового состояния рыб, которые в опытной партии рыб не проявлялись. 

Ключевые слова: аквакультура, осетровые виды, витамин Е, селен, репродуктивная функция, кровь, гемо-

глобин, липиды, общий белок 

Благодарности: работа выполнена в рамках государственного задания НИР по теме «Оценка влияния различ-

ных биологически активных веществ на оптимизацию физиологических процессов потенциальных производите-

лей осетровых в искусственных условиях для целей воспроизводства», рег. № НИОКТР 123031300090-0. 

Для цитирования: Гераскин П. П., Ковалева А. В., Григорьев В. А., Батсух А. Оценка влияния биологически ак-

тивных веществ на оптимизацию физиологических процессов потенциальных производителей осетровых // 

Вестник Астраханского государственного технического университета. Серия: Рыбное хозяйство. 2025. № 3.  

С. 59–68. https://doi.org/10.24143/2073-5529-2025-3-59-68. EDN TQDYHG. 

 

Introduction 
One of the urgent tasks of industrial aquaculture is 

the normalization of the generative function of females, 
the development of which occurs in altered aquatic en-
vironments that increase the instability of its function-
ing. This is associated with a somewhat transformed 
functional state accompanying their maturation [1]. As 
is known, the habitat and the nutritional completeness of 
fish diets significantly influence the physiological state 
of fish, especially during gonadogenesis, when the fe-
male body sensitively reacts to all changes in the exter-
nal environment. Deviations in water parameters from 
optimal levels lead to additional expenditures of ener-
gy substances on the functioning of adaptation mecha-
nisms, while incomplete diets result in prolonged inter-
spawning periods. In most cases, commercially pro-
duced compound feeds are used for aquaculture fish 
species, aimed at rapid body mass gain. An alternative 
approach could significantly increase feed production 

costs, rendering the process unprofitable. Therefore, in 
practice, various substances are added to commercial 
feeds intended for broodstock to enhance their nutri-
tional value and improve fish farming indicators such 
as physiological state, productivity, immune status, 
disease resistance, and microbiota composition [2, 3]. 

Vitamin supplements, such as vitamin E and ascor-
bic acid [4], also affect fertility. Increasing the dietary 
content of ascorbyl monophosphate in broodstock led 
to a significant increase in fertility and offspring sur-
vival. The best results were achieved at 870 mg of 
ascorbyl monophosphate per kg of feed, where maxi-
mum reproductive efficiency was observed. 

Research on the effects of vitamin supplements has 
also been conducted on other fish species, generally 
revealing positive outcomes. For example, supple-
menting standard granulated feeds for carp broodstock 
during the pre-spawning period with elevated levels of 
vitamin A (2 500 and 5 000 IU/kg of feed) increased 
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the working and relative fertility of females and the 
volume of milt in males, as well as the number of lar-
vae hatched from eggs [5].  

Gonadogenesis is associated with increased perox-
idation processes in fish during the biosynthesis of 
steroid hormones, thereby increasing the demand for 
antioxidants. The antioxidant function of vitamins E 
and C is well known. Vitamin E is considered the pri-
mary fat-soluble antioxidant, acting on cell membranes 
to control the intensity of free radical reactions. Vita-
min C, or ascorbate, like vitamin E, is a direct-acting 
antioxidant, reacting with hydroperoxyl radicals [6]. 
Additionally, it can restore the antioxidant properties 
of fat-soluble vitamin E. Vitamins E and C are syner-
gists. Selenium is a notable synergist for both vita-
mins, being a component of glutathione peroxidase-an 
enzyme that protects cells from the negative effects of 
radicals. 

Beyond direct action, vitamin E and selenium can 
enhance the expression of antioxidant genes. Experi-
ments with broilers fed diets enriched with vitamin E 
and selenium showed that they not only act as exogenous 
antioxidants but also induce the expression of endoge-
nous antioxidant enzyme genes as gene regulators [7]. 

Selenium is one of the primary components of the 
body's antioxidant defense system. It protects the body 
from the aggressive effects of free radicals, which can 
reduce immunity, damage cell membranes, and DNA. 

The development of industrial technologies in aq-
uaculture poses challenges for fish farmers to breed 
highly productive fish, whose genetic potential can be 
unlocked by adding appropriate biologically active 
substances to their feed at specific developmental 
stages. This primarily concerns broodstock, whose 
diets require higher standards. These supplements can 
help maintain the reproductive function of breeders at 
the required level, resulting in healthy offspring with 
high viability potential.  

The aim of this work was to evaluate the influence 
of various biologically active substances on the opti-
mization of physiological processes in young fish and 
potential sturgeon broodstock under artificial condi-
tions for reproduction purposes. 

To monitor the health of reproductive fish stocks 
under the influence of feed additives, it is necessary to 
study the blood characteristics of aquatic organisms [8]. 
Biochemical blood parameters serve as indicators of the 
physiological state of fish [9]. 

 
Materials and methods 
To study the influence of mineral-vitamin feed ad-

ditives on sturgeon gonadogenesis, two series of ex-
periments were conducted. The first evaluated the ef-
fect of the E-selenium supplement on the physiological 
state of young fish and its influence on the degree of 
gonad formation in the Russian-Lena sturgeon hybrid 
(Acipenser gueldenstaedtii Brandt, 1833 × Acipenser 
baerii Brandt, 1869) that had not reached sexual ma-
turity in a recirculating aquaculture system (RAS) at 

low and high concentrations of the supplement. This 
experiment lasted 5 months and involved 120 individ-
uals: 60 in the experimental group and 60 in the con-
trol group. The second series examined the effect of 
this supplement on the direction of metabolism in ster-
let × beluga hybrid (Acipenser ruthenus Linnaeus, 
1758 × Huso huso Linnaeus, 1758) broodstock in 
RAS. This experiment lasted 50 days, concluding at 
the start of artificial wintering, with 15 individuals in 
the experimental group and 14 in the control group. 

In the first case, the Russian-Lena sturgeon hybrid 
was fed with the production feed Efico Sigma 860  
No. 3-4 by BIOMAR, supplemented with E-selenium 
by spraying at a concentration of 300 µg/kg. In the 
second case, broodstock were fed granulated feed 
Coppens 13/50. The E-selenium supplement was add-
ed by spraying, diluted in water at a 1 : 50 ratio. The 
dosage was 2 ml/kg of feed, corresponding to 1 mg 
selenium and 100 mg vitamin E per kg of feed. 

This dosage was selected based on literature  
data on the biological requirements of fish for selenium 
(0.15-0.50 mg/kg) and vitamin E (20.0-100.0 mg/kg),  
as well as regulatory doses of these components  
in fish feeds (selenium 0.15-1.50 mg/kg, vitamin E 
50.0-100.0 mg/kg) [10, 11]. The control group re-
ceived feed without E-selenium. 

The physiological state of the hybrid individuals 
was assessed based on blood content of hemoglobin, 
total serum protein, total cholesterol, total lipids,  
β-lipoproteins, and erythrocyte sedimentation rate 
(ESR). Blood was drawn from the caudal vein (vena 
caudalis). 

Erythrocyte sedimentation rate was determined us-
ing a PR-3 device. Serum protein concentration was 
measured with an IRF-454B2M refractometer. Hemo-
globin concentration was determined using a reagent kit 
by PLIVA-Lachema [12]. Total cholesterol was meas-
ured with a reagent kit by “Olvex Diagnostikum” [13]. 
Total serum lipids were analyzed using a PLIVA-
Lachema kit, and β-lipoproteins were determined turbi-
dimetrically. The experimental results were processed 
using standard biological statistics methods and Mi-
crosoft Excel. The reliability of differences was as-
sessed using Student's t-test [14]. 

 
Results and discussion 
The study of the possible positive effects of E-se- 

lenium on the Russian-Lena sturgeon hybrid was con-
ducted on two groups of fish with approximately the 
same initial mass – about 130 g. Over the 5-month 
experiment, the difference in mass and length between 
the experimental and control groups was 3%, with 
higher values in the experimental fish. The main envi-
ronmental parameters for both groups were similar and 
within normal ranges. The study of physiological and 
biochemical parameters during the experiment re-
vealed similar dynamics. For example, changes in he-
moglobin content and ESR levels were synchronous in 
both groups, with no significant differences between 
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the start and end of the experiment (p > 0.05). These 
parameters increased by about 30% from the start  
(Hb ~50 g/L, ESR 1.6 mm/hour) to the end (Hb ~64 g/L, 
ESR 2.2 mm/hour). The content of total protein in the 
blood (Fig. 1) changed synchronously in both groups, 

but was significantly lower (p < 0.05) in the experi-
mental group at the end, with higher initial values, 
likely due to its intensive use for mass gain in the ex-
perimental fish.  

 

 
 

Fig. 1. Dynamics of total serum protein in the Russian-Lena sturgeon hybrid in the experiment  

on the influence of low concentrations of the E-selenium vitamin-mineral supplement 

 

The variability of cholesterol levels in the blood of 

the studied fish was notable in both the control and ex- 

perimental groups (Fig. 2).  

 

 
 

Fig. 2. Dynamics of cholesterol in the Russian-Lena sturgeon hybrid in the experiment  

on the influence of low concentrations of the E-selenium vitamin-mineral supplement 

 

Initially, cholesterol levels were higher in the  
experimental group (p < 0.05), but they equalized over 
time. The simultaneous increase in cholesterol levels 
in both groups in May (exceeding 4 mmol/L) sug- 
gests that this was unrelated to E-selenium but due  
to another factor affecting both groups. Notably, in 
wild sturgeons at sea, cholesterol levels do not exceed 
3 mmol/L [15]. The multifunctional role of cholesterol 
determines its blood concentration, including as a  pre- 

cursor to the stress hormone cortisol. 
Total lipid levels in the blood of the experimental 

and control fish ranged from 2 to 5 g/L throughout the 
experiment. However, lipid levels were higher in the 
experimental group. It is believed [16] that E-selenium 
positively affects lipid metabolism by increasing the 
concentration of omega-3 polyunsaturated fatty acids, 
which enhance survival and growth. Low concentrations 
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of E-selenium may only slightly improve overall me-
tabolism, stimulating mass accumulation.  

The study of the stimulatory effects of high E-se- 

lenium concentrations (2 000 µg/kg feed) on the phys-

iological state of fish was also conducted on the Rus-

sian-Lena sturgeon hybrid raised in a RAS under uni-

form conditions. At the start, the experimental and 

control groups had similar mass and size indicators, 

with an average mass of about 230 g (20 g higher in 

the control). By the end, the mass of the experimental 

fish increased by 1.7 times, compared to 1.4 times in 

the control, indicating that E-selenium stimulated me-

tabolism toward muscle mass accumulation. 

As in the low-concentration experiment, protein 

utilization for mass gain was higher in the experi-

mental group, leading to a 1.2-fold decrease in protein 

levels by the end, compared to 1.1-fold in the control 

(Fig. 3).  

 

 
 

Fig. 3. Dynamics of serum protein in the Russian-Lena sturgeon hybrid  

in the experiment on the influence of high concentrations of the E-selenium vitamin-mineral supplement 

 

Hemoglobin levels were sufficient to support these 

processes, within the range typical for immature stur-

geons (55-65 g/L) in natural environments [17]. Erythro-

cyte sedimentation rate values (3-4.4 mm/hour) were 

slightly higher than in wild sturgeons [18] in both 

groups. 

The study of cholesterol dynamics also revealed no 

signs of accelerated generative metabolism [1]. High 

E-selenium concentrations did not intensify cholesterol 

synthesis, as evidenced by a 1.7-fold decrease by the 

experiment's end, reaching levels similar to the control 

group, where they remained unchanged (Fig. 4).  
 

 
 

Fig. 4. Dynamics of cholesterol in the Russian-Lena sturgeon hybrid  

in the experiment on the influence of high concentrations of the E-selenium vitamin-mineral supplement 

 

Lipid dynamics in the blood of both groups fol-

lowed similar trends: a 54% decrease in the experi-

mental group and a 10% decrease in the control. The 

positive role of E-selenium on blood lipid levels, ob-
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served at low concentrations, was not evident at high 

concentrations. Given the high initial cholesterol levels 

in the experimental group and its role in cortisol pro-

duction, the more significant lipid reduction in these 

fish likely reflects energy expenditure for physiologi-

cal stabilization and mass gain.  

Histological analysis of the gonads confirmed the 

lack of E-selenium's effect on ovarian development in 

the Russian-Lena sturgeon hybrid. No signs of acceler-

ated gonad formation were observed in the experimental 

group. The generative tissue remained at early devel-

opmental stages, unchanged from the experiment's start. 

Thus, E-selenium, at both low and high concentra-

tions, did not accelerate generative function in the im-

mature Russian-Lena sturgeon hybrid. This was con-

firmed by metabolic levels and histological analysis of 

the ovaries. Only a slight trend toward higher mass 

accumulation in the experimental fish was noted. 

The second series of experiments with E-selenium 

was conducted on mature sterlet × beluga hybrid females. 

To evaluate the influence of the E-selenium sup-

plement in sturgeon feed on metabolism, mature ster- 

let × beluga hybrid females were selected. The average 

initial mass was 16.68 ± 1.23 kg in the experimental 

group and 16.20 ± 0.81 kg in the control. By the end, 

the experimental group's mass increased by 3.0% 

(17.18 ± 1.07 kg), while the control group's increased 

by 5.1% (17.02 ± 0.83 kg). Blood parameters (ESR, 

hemoglobin, serum protein, β-lipoproteins, and choles-

terol) were analyzed. 

The inclusion of E-selenium in the feed altered 

nearly all studied blood parameters (Fig. 5), reflecting 

differences in the physiological state of the experi-

mental and control fish. 

 

 
 

Fig. 5. Blood parameters in sterlet × beluga hybrid females: 1 – start of the study, 2 – end of the study 

 

In the control group, ESR increased by 1.5 times 

by the experiment's end, while it decreased slightly 

(7%) in the experimental group. Conversely, hemoglo-

bin, serum protein, and β-lipoprotein levels increased 

in the experimental group compared to the control. 

Hemoglobin dynamics, though differing between 

groups, remained within typical ranges for wild fish 

(50-80 g/L). By the end, hemoglobin increased by 

12.1% in the experimental group (statistically insignifi-

cant, p ≥ 0.05), while it decreased by 10% in the control. 

Total protein levels increased by 35.5% in the experi-

mental group (p ≤ 0.001), with no change in the control. 

β-lipoprotein levels decreased by 36% in the control but 

increased by 36% in the experimental group (p ≤ 0.001). 

Cholesterol levels rose by 63% in the control but de-

creased by 5% in the experimental group. 

Analyzing the dynamics and  direction  of  changes  

in the studied blood parameters, it is necessary to note 

their multidirectional nature. Taking into account that 

the studied fish are sexually mature, and therefore may 

be at different stages of gonad maturation, the changes 

in metabolism will correspond to the stages of oocyte 

maturation [19]. At the beginning of the experiment, 

ultrasound scans showed that the ratio of fish in differ-

ent stages of gonadal maturation was the same in both 

the experimental and control groups: 60% in the se-

cond stage, 35% in the third stage, and 5% in the final 

fourth stage. By the end of the experiment, the number 

of mature fish (Stage IV of gonadal maturity) in the 
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experimental group had increased sixfold, reaching 

30%, while the number of mature fish in the control 

group was only 15%, which was half as much. The 

ratio of females in the II and III stages of maturation has 

also changed. The group of experimental fish had the 

lowest proportion of immature fish (Stage II of gonadal 

maturity), which decreased by half compared to the be-

ginning of the experiment, reaching 30%. At the same 

time, the proportion of fish in the control group that had 

reached other stages of maturity was 5%, while the pro-

portion of immature fish remained high at 55%. By the 

end of the experiment, the proportion of fish in the con-

trol group with stage III maturity did not change, while 

the proportion of fish in the experimental group in-

creased by 10%, reaching 40%. This suggests that the 

addition of E-selenium to the feed accelerates the matu-

ration of females. This is also supported by changes in 

the metabolism of females in the experimental group. In 

particular, there is an increase in the blood levels of total 

protein and β-lipoproteins, which is associated with the 

vitellogenic stage of oocyte development [19]. Vitello-

genesis, a critical oocyte development stage regulated by 

sex hormones, involves vitellogenin and other egg pro-

teins synthesized by the liver under 17β-estradiol influ-

ence, transported to oocytes, and stored as lipovitellin, 

phosvitin, and other proteins [20, 21]. Vitellogenin 

shares homology with apolipoprotein B-100 (apoB-100), 

or β-lipoprotein [22, 23], and is immunochemically iden-

tical to β-lipoproteins [24]. In wild sturgeons, β-lipo- 

protein levels rise during spawning migration and de-

cline as maturation completes (6.4-7.0-2.4 g/L) [25],  

a pattern also observed in farmed fish [19]. Increased 

hemoglobin levels support the energy demands of pro-

tein and vitellogenin synthesis. Cholesterol also plays 

an important role in gonadogenesis. The biological 

role of cholesterol determines the variety of its most 

important functions, which it performs in the body of 

any animal, and it also actively participates in the gen-

erative metabolism [26]. An analysis of the initial 

physiological state of female hybrids based on their 

blood cholesterol levels showed that they were similar 

in both groups. In wild breeders, during the spawning 

migration period, the concentration of cholesterol in the 

blood serum increases by more than two times, from 

1.87 to 4.45 mmol/L, from the beginning of active mat-

uration to the end of the process [27]. In different-aged 

sturgeon fish in the sea, the level of cholesterol rarely 

exceeds 2.8 mmol/L. In the experimental group, this 

value did not exceed 3.27-3.10 mmol/L. Increased cho-

lesterol levels during vitellogenesis are usually associ-

ated with increased estrogen synthesis, particularly 

estradiol-17β [28], which stimulates the liver's synthe-

sis of the  yolk  precursor,  vitellogenin  [29],  and  inc- 

reases generative metabolism. 

Thus, the level and direction of changes in the 

studied blood parameters indicate an intensification of 

the generative exchange in the female fish of the ex-

perimental group.  

The analysis of the blood parameters studied in the 

control batch shows a different picture of changes in the 

physiological state of the females. It should be noted 

that these changes are more in line with the physiologi-

cal state of fish that are in a slightly stressed state [30]. 

This is indicated by a slight increase in the erythrocyte 

sedimentation rate, a slight decrease in the hemoglobin 

content in the blood, and especially an increase in the 

concentration of cholesterol, which is also the basis for 

the synthesis of various steroid hormones by the adrenal 

glands, including cortisol, a stress hormone. At the same 

time, the intensity of the generative exchange decreases 

at the end of the experiment, which is indicated by  

a decrease in β-lipoproteins, which are markers of the 

intensity of vitellogenin transfer to oocytes. 

Thus, E-selenium positively influences the repro-

ductive function of sterlet × beluga hybrid females by 

stimulating generative metabolism and protecting 

against oxidative stress, as supported by literature [4-7] 

and the stressed state of control fish. The synergistic 

effects of vitamin E and selenium enhance antioxidant 

and adaptogenic actions, protecting embryos from oxi-

dation, maintaining immunity, and preventing lipid pe-

roxidation in reproductive products. 

E-selenium supplementation unlocks the reproduc-

tive potential of broodstock, increasing generative 

productivity. 

 

Conclusion 

The use of E-selenium at low or high concentra-

tions in feeds for immature Russian-Lena sturgeon 

hybrids did not accelerate generative function devel-

opment. Only a trend toward higher mass accumula-

tion in the experimental fish was observed. 

In mature sterlet × beluga hybrids, E-selenium 

supplementation positively influenced the reproductive 

system of females, stimulating generative metabolism. 

Compared to the control, the proportion of mature fe-

males (Stage IV of gonadal maturity) doubled, while 

the proportion of females remaining at stage II matura-

tion decreased by 1.8 times, despite similar initial gon-

ad maturity distributions. 
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