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Abstract. The article highlights the experience of using astaxanthin in sterlet feeding. Studying the influence
of astaxanthin on the morphophysiological state of fish helps develop highly effective recipes of compound feeds for
valuable objects of aquacultures. This highly intense antioxidant impacts the work of all systems and overall health,
but using astaxanthin in feeding has not reffered to the valuable aquaculture facilities. The influence of astaxanthin on
the physiological status of sturgeons has not been studied. It was found that in test No. 2 (adding 40 mg of astaxanthin
per 1 kg of feed), the highest absolute growth, average daily growth, average daily growth rate and mass accumulation
coefficient (p < 0.001) were observed, in contrast to test No. 1 (adding 20 mg of astaxanthin per 1 kg of feed) and the
control. Absolute increase in this sample was for certain 2.3 times higher than in the control one. The average daily
growth rate in this variant made 1.8%, which is for certain 2 times higher than in the control group (p < 0.001). The
data obtained indicate the positive effect of astaxanthin (40 mg/kg) on the fish-breeding and biological indicators
of cultivated fish. The indicators of energy metabolism also prove a better accumulation of plastic substances in the
fish of the experimental groups (tests No.1 and No.2): hemoglobin in the variants with adding astaxanthin in the feed
made 77.4 and 71.3 g/, which is 17.6 and 8.4% higher than in the fish of the control group. In the experimental vari-
ants compared to the control sample the level of total protein was for certain higher by 17.4 and 22.2% (p < 0.05).
Thus, it can be said that the antioxidant astaxanthin provided more favorable trophic and biochemical conditions nec-
essary for the normal growth and development of fish.
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AnHoTanus. PaccmarpuBaeTcst ONBIT IPUMEHEHMS aCTaKCAaHTHHA B KOPMJICHHU CTepisian. V3ydeHue BIUSHHS acTak-
caHTHHA Ha MOP(HO(DH3MNOIOrHUECKOe COCTOSHUE PHIO MO3BOJSIET pa3paboTarh BhICOKOI((EKTHBHBIE PeLenThl KOMOU-
KOPMOB JIJIs1 IEHHBIX BUJIOB aKBaKyJbTYphl. JlaHHBIH MOITHEHIINN aHTHOKCHIAHT OKa3bIBaeT O'POMHOE BIMSIHHE Ha pa-
00Ty BCeX CHCTEM U 00IIee COCTOSHUE 37J0POBbSI, HO TaKas NPaKTUKa MPHMEHEHHs aCTAKCAHTUHA B KOPMJIGHHH HE KOC-
HyJIach LICHHBIX 00BEKTOB aKBaKyJbTYpbl. BinsHHe acTakcaHTHHA HAa (U3MONOTMYECKUH CTaTyC OCETPOBBIX PBIO 10 CUX
TIOp He U3y4eH. Y CTaHOBJICHO, YTO B BapraHTe 2 (nobasienue 40 Mr acTakCaHTHHA Ha 1 KT KopMa) HaOMIOAAMCH CaMBbIi
BBICOKHH aOCOMIOTHBIN IPHUPOCT, CPEIHECYTOUHBIH NIPUPOCT, CPEAHECYTOUHASI CKOPOCTH pOcTa M KOA((HUIMEHT Macco-
HakoreHus (p < 0,001) B omnune ot Bapuanra 1 (no6asnenue 20 Mr acTakcaHTMHA Ha 1 KT KOopMa) U KOHTpoust. AGco-
JIOTHBIN IPUPOCT B JAHHOH BBIOOPKE OBLT JOCTOBEPHO BHIIIC KOHTPOJIBHOM B 2,3 paza. CpeHecyTouHast CKOPOCTh PocTa
B JIaHHOM BapHaHTe cocTaBmia 1,8 %, 94To JOCTOBEPHO BBIIIE KOHTPOJIBGHOH rpymmsl B 2 paza (p < 0,001). INomyaenusre
JAHHBIC CBHACTENILCTBYIOT 00 3 (heKTHBHOM JelicTBIM acTakcaHTHHA (40 MI/Kr) Ha PbIOOBOIHO-OHOIOTHYECKHE MTOKa3a-
TeIn KynbTUBHPYeMbIX pbIO. IlokasaTenn sHepreTnueckoro oOMeHa TakKe CBHICTENBCTBYIOT O JTydIIEM HAKOMJICHUH
IUTACTHYECKUX BEIIECTB y PHIO SKCIIEpHMEHTAIBHBIX Ipymil (BapraHTsl Ne 1 1 2): reMornioOHH B BapHaHTax ¢ nobasie-
HHEM acTaKCaHTHHA B KopMma coctaBwi 77,4 u 71,3 r/xn, uto Ha 17,6 n 8,4 % Bblile, 4eM y PbIO KOHTPOJIBHOM IPYIIIIBI.
B skcriepiMeHTanbHBIX BapUaHTaX B CPABHEHUH C KOHTPOJIBHOH BBIOOPKOH ypoBeHb 00Iiero Oenka ObUT ZOCTOBEPHO
Beiire Ha 17,4 u 22,2 % (p < 0,05). Takum 00pa3oM, MOKHO TOBOPHTh, YTO aHTHOKCHIAHT aCTAKCAHTHH oOecredrt 00-
J1ee GraronpuATHbIC TPOYHIECKHE U OMOXUMHYECKHUE YCIIOBHS, HEOOXOAUMBIE [UIsl HOPMAILHOTO POCTA M Pa3BUTHS PBIO.
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Introduction

The world production of fish and seafood was grow-
ing steadily in the foreseeable past (the FAO statistical
series began in 1950) and is increasing today. At the same
time, fish farming is gradually replacing industrial fish-
ing: the global catch of fish has been approximately con-
stant since the mid-1980s, but at the same time the pro-
duction of aquaculture products is advancing. Almost the
entire increase in global fish consumption over the past
30 years is stipulated by growth in the sector of breeding
and cultivation of aquatic organisms. This industry has
a great future, unlike traditional industrial fishing, which,
of course, will continue to play an important role in sup-
plying humanity with fish and seafood [1].

The increasing production of aquaculture products
proves the significance of feed production to provide
the industry with high-quality compound feeds and
feed additives that meet modern requirements and bio-
logical needs of the cultivated fish. The development
of aquaculture requires special attention to the feeding
process and the use of full-fledged and environmental-
ly safe feeds for all objects of aquacultures [2].
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In the process of developing the combined feed rec-
ipes, in addition to the balance in basic nutrients, much
attention is paid to the adequate use of various biologi-
cally active substances, which include natural pigments
carotenoids [3]. They play a different role in the fish
metabolism and are potent antioxidants as well. Carote-
noids protect the body from the impact of free radicals,
which damage the membranes of fish cells.

Astaxanthin is a xanthophyll carotenoid, a natural
substance that is quite widespread in nature. Astaxan-
thin shows higher activity than other antioxidants, be-
cause due to its chemical structure it binds the inner
and outer cell membranes. Astaxanthin is 550 times
stronger than vitamin E and 6 000 times stronger than
vitamin C. In addition, it is 10 times more effective
than zeaxanthin, lutein, canthaxanthin and various
forms of beta-carotene.

The research aims to investigate natural astaxan-
thin, its antioxidant, provitamin and antimutagenic
activity, its use in the food industry, agriculture and
medicine [4].
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The purpose of the work was to study the effec-
tiveness of using astaxanthin in composition of feed
for the valuable aquaculture objects.

The set goal defined the following tasks:

— to evaluate the results of sterlet cultivation on pro-
duction compound feeds with the addition of astaxan-
thin by the fish-breeding and biological parameters;

—to assess the physiological state of the cultivated
fish.

Materials and methods of research

Experimental work was carried out on the basis
of the Innovation Centre “Bioaquapark — Research
Technological Centre of Aquaculture” under Astra-
khan State Technical University. The objects of the
study were sterlet yearlings.

There was studied the effectiveness of using the
natural antioxidant astaxanthin, trade name “Astaped”
(manufactured in India) (Fig. 1).
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Fig. 1. Antioxidant astaxanthin

The bioavailability (ability to be absorbed by the
body) of astaxanthin is not too high, but the absorption
of astaxanthin improves when combined with edible
oils, for example, fish oil. Astaxanthin is a lipophilic
compound, it dissolves well in oils. Before being in-
troduced into experimental feeds, astaxanthin was dis-
solved in liquid fish oil.

The study was carried out in three experimental
groups. The first group (control) received a food prod-

uct balanced in all nutrition elements, according to the
physiological needs. The second group (test No. 1)
received the diet of the 1st group with the natural anti-
oxidant astaxanthin in the amount of 20 mg/kg. The
third group (test No. 2) received the diet of the Ist
group with the natural antioxidant astaxanthin in the
amount of 40 mg/kg (Table 1).

Table 1

The main parameters of the experiment

Indicators Variants of tests
Control Test No. 1 Test No. 2
Diet Main diet (MD) MD + 20 mg/kg astaxanthin MD + 40 mg/kg astaxanthin
Pellet size, mm 2.0
Tanks ITSA-1
Stocking density 25 pes/m’
Methods of feeding Manually, by eatability
Water temperature, °C 21.4+0.46 | 21.5+0.18 | 22.0 £ 0.60
pH, units 7.5
Research period 40 days
Survival rate, % 100

Experimental feed was produced in the laboratory
conditions by wet pressing method using feed compo-
nents produced in Russia. 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 fish average weight and water temperature [2].

Cultivation was carried out at the similar planting
density and constant temperature regime in accordance
with the biological characteristics of the species.

The condition and development of fish was deter-
mined by different indicators analyzing the rate of in-
crease in body size and muscle mass building. Weighing
and measuring of fish was carried out according to the
recommendations adopted in fish farming using labora-
tory scales Massa-K VK-3000 [5].

Survival rate of fish was taken into account by the
single species method. Physiological state of the stud-
ied objects was assessed by the biochemical parame-
ters of protein, lipid and carbohydrate metabolism
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(blood composition), according to the developed
methods [6-9]. Blood was taken in vivo from the tail
vein of fish into Eppendorf tubes [10]. The following
factors were determined: concentration of hemoglobin
photometrically using reagents from Agat-Med [7],
erythrocyte sedimentation rate (ESR) by using the
gauge of R. P. Panchenkov [10]. A Unico 2 100 spec-
trophotometer was used to measure the optical density
of the samples obtained. The results of the research

were processed using generally accepted methods
of biological statistics and the Microsoft Excel pro-
gram. The level of differences was assessed by apply-
ing the Student's reliability criterion [11].

Research results
Dynamics of sterlet growth on tested experimental
feeds is shown in Fig. 2.
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Fig. 2. Dynamics of sterlet growth on experimental feeds

Evaluation of the effectiveness of using astaxanthin
in compound feeds production showed that the best
growth rates were found in a group of fish that con-
sumed feed with the addition of astaxanthin 40 mg per
1 kg of feed (test No. 2).
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In test No. 2, the highest absolute growth, average
daily growth, average daily growth rate and mass accu-
mulation coefficient (p < 0.001) were observed (Fig. 3).
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Fig. 3. Piscicultural indicators of sterlet cultivated on experimental feeds: a — absolute growth;
b — mass uccumulation coefficient, units

Absolute increase in this group was for certain
2.3 times higher than in the control one. The average
daily growth rate in this test was 1.8%, which is for
certain 2 times higher than in the control group
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(p <0.001). The data obtained show the positive effect
of astaxanthin (40 mg/kg) on the fish-breeding and
biological parameters of the cultured fish.
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In test No. 1 fish consumed feed with astaxanthin
proportion of 20 mg/kg, its average daily growth rate
was 94.1% higher than that of the control. The absolute
increase in live weight in fish of the first group was
65.8 g versus 78.3 g in the second group, which was 1.9
and 2.3 times higher than in fish of the control group.

The mass accumulation coefficient in fish in the
first variant was 0.06 units and in the second 0.07
units, which is 0.03 and 0.04 units, respectively, higher
than in the control. The average daily increase in vari-
ants 1 and 2 was: 1.65 and 1.96 g, which is 1.9 and 2.3
times higher, respectively, then in the control group.
The survival rate in the experimental variants and con-
trol was 100%.

It was found that the best growth rates were regis-
tered in test No. 2, in fish that consumed feed with
astaxanthin proportion of 40 mg per 1 kg of feed. This is
quite understandable, according to the literature, the an-
tioxidant astaxanthin has a unique molecular structure
that allows it to be both inside and outside the cell mem-
brane at the same time. The protection mechanisms
of astaxanthin against oxidative damage include suppres-
sion of singlet oxygen, absorption of radicals to prevent

chain reactions, inhibition of peroxidation to preserve the
membrane structure, improvement of immune system
function and regulation of gene expression [4].

Thus, adding the antioxidant astaxanthin to the feeds
contributes to the increasing productivity, fish have bet-
ter fish-breeding and biological parameters, which con-
tributes to the fish weight gain. As a result, the inclusion
of the antioxidant astaxanthin in the feeds has contribut-
ed to a more efficient use of nutrients in the diet.

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 [12]. In order
to identify changes in metabolic processes, the dynam-
ics of such indicators as ESR, concentration of hemo-
globin, serum protein, glucose, cholesterol, beta-
lipoproteins and albumin in blood serum were studied.

The data on physiological indicators of juveniles in
natural conditions were used as normative values: ESR —
2.0-4.0 mm/h, hemoglobin — 50.0-80.0 g/1, cholesterol —
1.0-3.5 mmol/l, total protein — 20.0-40.0 g/, beta-
lipoproteins — 1.0-5.0 g/l, glucose — 3.0-6.5 [13]. The
results of analysis of the physiological state of the sterlet
are presented in Fig. 4.
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Fig. 4. Hematological parameters of sterlet blood at the end of the experiment

Sedimentation rate of erythrocytes and hemoglobin
in all variants of the experiment remained within the
normative values, which indicates a constant protein
composition of blood plasma. According to the ESR
indicator, no differences were found in the study vari-
ants (p > 0.05).

As can be seen in Fig. 4, there is some positive dy-
namics in using astaxanthin in tests No. 1 and 2, the he-
moglobin levels increase. Hemoglobin in tests No. 1 and
2 was 77.4 and 71.3 g/l, which is 17.6 and 8.4% higher
than in the fish of the control group. High concentration
of hemoglobin in the experimental groups (within the
reference values) may be associated with a more inten-
sive metabolism in the fish body due to the antioxidant
astaxanthin used in the feeds, which increases the rheo-
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logical parameters of the blood, which suggests a posi-
tive effect on the microcirculation of blood in the fish
body. It is difficult to underestimate such property
of astaxanthin [4]. The blood circulation depends on how
well the organs are supplied with nutrients and oxygen.
The leukocyte blood formula, which reflects not on-
ly the physiological state of fish, but also some aspects
of cellular immunity, is a fairly informative indicator in
assessing the overall physiological state of the body.
Changes in the leukogram can detect metabolic disor-
ders and deterioration of the studied object long before
the manifestation of clinical signs of emerging patholo-
gies [14]. The leukocyte formula of the blood of the fish
under study is presented in accordance with Fig. 5.
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Fig. 5. Ratio of shaped blood elements in sterlet

Fish are characterized by a lymphocytic profile
where the base of white blood is presented by lympho-
cytes, the proportion of which in the total pool of leu-
kocytes does not fall below 70% and can exceed 90%.
Lymphocytes are responsible for immune surveillance,
formation and regulation of cellular and humoral im-
mune response, synthesizing protective antibodies,
lysing foreign cells, ensuring the destruction of their
own mutant cells.

As can be seen from Fig. 5, the proportion of lym-
phocytes in the studied groups ranged within 74.9-76.0%

(p > 0.05), these figures correspond to the physiologi-
cal norm for fish. Leukocyte shifts indices in the
experimental variants ranged from 0.26 to 0.28%,
these indicators were within the reference values
(0.25-0.40% for sturgeon fish).

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
and intensity of anthropogenic factors [15, 16]. The re-
sults of the biochemical study are presented in Table 2.

Table 2

Physiological and biochemical parameters of sterlet blood
(numerator — beginning of the experiment, denominator — end of the experiment) (n = 25)

Indicator Control Test No. 1 Test No. 2

Total protein, g/l 285+ 1.5 21.6+ 0.9* 24.6 + 0.6*
i 28.8+9.5 352+1.6 33.8+8.7

Glucose, g/l 22+0.2 2.6+0.7 2.5+ 0.2*
i 25+0.8 3.0+0.6 3.6+0.5
3.3+£0.2 3.5+0.3 34402

Cholesterol, mmol/l 35100 24102 20201
Beta-lipoproteins, g/l 33+0.2 3.0+0.3 28+04
i 35+03 33+02 3.5+0.3

Albumin, g/l 249+5.1 22.0+4.3 25.8+0.4
i 31.6+0.3 320+1.2 33.0+1.2

* P <0.05 — the differences are significant.

The level of total whey protein at the beginning of
the study for tests No. 1 and 2 was low, but it was with-
in the normative values and relatively homogeneous.
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 indicate a high level of stress
load, which can be overcome due to the additional ener-
gy obtained in the course of protein disintegration. At
the end of the experiment, the indicators of total protein
were for certain higher in tests No. 1 and 2 by 17.4 and
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22.2% compared with the control sample. Such dynam-
ics corresponds to the data on the growth rate.

At the end of the experiment in tests No. 1 and 2
the glucose dynamics was within the physiological
norm (from 3.0-4.0 g/1), which is the result of the nor-
mal operation of the enzymatic system that catalyzes
the transformation of glucose, the control group was
characterized by low glucose concentrations below the
reference values.
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Cholesterol concentration in the blood plays an im-
portant role for the growth of the fish body and cell di-
vision; cholesterol comes from food or is produced by
the fish own cells or synthesized in the liver. 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. In the conditions of the study,
there was registered a tendency of decreasing cholester-
ol in the blood of fish that consumed feed with the addi-
tion of astaxanthin to the feed formulation. At the same
time, the greatest changes occurred in test No. 2
(70.0%), while in test No. 1 the indicator decreased by
45.8%. In the control variant, the cholesterol level was
significantly higher (p < 0.05) and did not even change
slightly in comparison with the initial data.

The most cholesterol-rich particles are beta-
lipoproteins (low-density cholesterol). Under growing
conditions, this indicator was at the level of 2.8-3.05 g/1,
which corresponds to the values (1.0-5.0 g/1) character-
istic for the fish living in the natural habitats [13]. There
were no differences in the level of beta-lipoprotein con-
centration (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 distri-
bution of fluid between the blood vessels and the extra-
vascular 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 [15]. As
a result of the conducted studies, there can bs seen an

increase in this indicator after feeding in all experi-
mental variants, any significant differences are not stat-
ed among these groups (p > 0.05). Thus, the results ob-
tained indicate the effective utilization of the feed and
activation of plastic metabolism, which is confirmed by
the data of physiological-biochemical and fish-
breeding-biological analysis, as well as the absence
of any disturbance in the transformation of substances in
the body. This fact indicates the effectiveness of using
astaxanthin in sturgeon feed, the highest fish-breeding
and biological indicators were shown in test No. 2,
where astaxanthin was added to feed in the proportion
of 40 mg per 1 kg of feed.

Conclusion

The conducted studies indicate the effectiveness
of using astaxanthin in nutrition of valuable aquacul-
ture objects, in particular, sterlet. The positive effect
of the natural antioxidant astaxanthin on the growth
and development of cultured juveniles has been estab-
lished. In general, the obtained results of hematologi-
cal and biochemical parameters are consistent with the
data of other authors [12, 13].

The fish during the experiment with astaxanthin
did not show any stress signs after feeding. Astaxan-
thin did not show a pigmenting role in the staining
of sterlet tissues.

Thus, according to the biological indicators
of growth and physiological state, we can talk about
the effectiveness of adding astaxanthin to sterlet feed
in the amount of 40 mg/kg, since this sample is charac-
terized by a high growth rate and higher indicators
of protein, carbohydrate and lipid metabolism.
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