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Abstract. A comprehensive assessment of fish-breeding, biological, physiological and biochemical parameters of sterlet
is considered when biologically active components from raw materials of motherwort cordial or motherwort (Leonurus
cardiaca L., 1753) and Ziziphora tenuior L., 1753, are used in feeding. Sterlet specimens were used as objects (Acipenser
ruthenus Linnaeus, 1758). After 10 days adaptation, the objects were transferred to feed (the experiment lasted 30 days).
Individuals were divided into control and two experimental groups, which assumed in addition to diet 1 Leonurus cardia-
ca — 1% and to diet 2 Ziziphora tenuior — 1%. Studies of the statistical relationship between the values of the measured
indicators of the state of the cardiovascular system and the general state of the body established a positive effect on the
physiological and biochemical status of fish when including additives. The concentration of total protein increased by
16-42%, hemoglobin increased by 14-44%. Analysis of the cardiosomatic index revealed its decrease relative to the con-
trol for the second experimental group by 22%, which confirmed an increase in the cardioprotective function of the sup-
plement and an adaptive effect on the action of low quality feed-deficient protein diet. In the experimental groups, an in-
crease in AST and ALT activity was recorded compared to the control, which led to a significant increase in the de Ritis
coefficient - by 39-85%, latters indicates a protein-synthesizing function of the liver and an improvement in the protective
and adaptive mechanisms of the body as a whole, which was expressed in more complete absorption of feed nutrients and
weight growth by 5-16% with a decrease in feed conversion by 8-22% relative to the control. The presence of falsified
feed components on the feed market has necessitated the use of therapy to reduce the risks of the consequences of exces-
sive cardio loading. In the search for solutions to this problem, the development of compound feeds that stabilize the
physiological status in the event of risks of disturbances in the functioning of the cardiovascular system, which may occur
due to the influence of adverse factors during intensive cultivation, has become relevant. A possible solution to this prob-
lem may be the use of cardioprotectors in feed, which will improve the economic and important characteristics of the fish
species under study and reduce the likelihood of deterioration and death during cultivation by reducing the risk of cardio-
vascular diseases. The assessments of changes in the functional state of the heart of valuable fish species obtained during
the work made it possible to establish the optimal doses of the introduction of natural cardioprotectors Leonurus cardiaca
and Ziziphora tenuior in the composition of the corresponding feed for sterlet in an amount of 1%. The assessments
of changes in the functional state of the heart of valuable fish species obtained during the work made it possible to estab-
lish the optimal doses of the introduction of natural cardioprotectors Leonurus cardiaca and Ziziphora tenuior in the
composition of the corresponding feed for sterlet in an amount of 1%.
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AHHoTaumsi. PaccmarpuBaeTcs KOMIUIGKCHAs OLEHKA PBIOOBOJHO-OMONIOIMYECKUX M (PU3HOJIOr0-OHOXMMHYECKUX
MoKa3aTenel CTepIsan NPy UCTIONb30BAHMU B KOPMIIEHUH OHOJIOTMYECKH aKTHBHBIX KOMIIOHEHTOB U3 ChIPbs IYCTBIpP-
HHKa Cep/ICYHOr0, WM IyCTHIPHUKA OOBIKHOBEHHOTO (Leonurus cardiaca L., 1753), u 3usudopsl ToHKO# (Ziziphora
tenuior L., 1753). B xauecTBe 00BbEKTOB HCIOJIB30BaIN 0co0ei cTepisinu (Acipenser ruthenus Linnaeus, 1758). ITocie
10 cyTok ajanTanyy BeIpaIBaeMble 0OBEKTHI IIePEeBOAMIN HA KOMOHKopMa (9kcrepuMeHT ammicst 30 cytox). Ocobn
OBLIM pa3ziesieHbl Ha KOHTPOJIBHYIO U JIBE OIBITHBIE TPYIIIEL, IIPE/IIoaraBine JOIOIHUTENRHO K auere 1 Leonurus
cardiaca — 1 % u x muere 2 Ziziphora tenuior — 1 %. VlccrenoBaHusl CTATUCTUYIECKOW CBS3HM 3HAYCHUH U3MEPSEMbIX
TIOKa3aTeNeH COCTOSHHUS CepIeUHO-COCYIUCTON CHCTEMBI M OOIIETr0 COCTOSHUS OPTaHM3Ma YCTAaHOBHIIM MOJIOKUTEIThb-
HOE BIMsHHE Ha (PU3HOJIOr0-OMOXMMHYECKHI CTaTyC PO MPHU BKIIIOUEHNH 100aBOK. [ToBbICHIach KOHLIEHTpAIUs 00-
mero 6enka Ha 16-42 %, remorno6un yenuuuics Ha 14—44 %. AHanu3 KapAnOCOMAaTHYECKOTO HHAEKCA BBIBHII €T0
CHIDKEHUE OTHOCUTENILHO KOHTPOJIS sl BTOPO ONBITHOH rpymiisl Ha 8,05 %, 4TO NOATBEPAUIIO MOBBILIEHUE KapAHO-
NPOTEKTOPHOM (DYHKIMH 100aBKM M aJanTHBHBIA dGPEKT K IeHCTBUIO NeGUIMTOCIKOBON IHUEThI, 00YCIOBICHHBIMI
HU3KHM KauyecTBOM KOMOMKOPMOB. B ombITHBIX Trpymmax 3adukcuposaHo nossimenue aktuBHocTH ACT u AJIT mo
CPaBHEHHUIO C KOHTPOJIEM, YTO IPHBEJIO K 3HAYUTEIIFHOMY yBEINUCHNIO Ko punuenta ae Puruca — na 39-85 %, urto
CBHJETENHCTBYET 00 YCHJICHHM OIKOBOCHHTE3HpYyIOmel (YHKIMM IeU4eHM W YITydYIIeHHH 3allUTHO-TIPHUCIIO-
COOMTENBHBIX MEXaHU3MOB OpPTraHU3Ma B IIEJIOM, YTO BEIPA3MIIOCH B OOJIee ITOJTHOM YCBOGHHH NTUTATEIBHBIX BEIIECTB
KOpMa M pocTe Macchl Ha 5—16 % Ipu CHIKEHWH KOHBepCcHH KoMOMKopMa Ha 7,6—18,2 % OTHOCHTENBEHO KOHTPOJIS.
[IpucyTcTBHE HAa KOPMOBOM PBIHKE (aibCH(UINPOBAHHBIX KOPMOBBIX KOMIIOHEHTOB BBISIBUIO HEOOXOIMMOCTH IPH-
MEHEHHUS TEePANUK AJIsl CHHXKCHUS PHCKOB MPOSBICHUS MOCIEICTBUIA Upe3MepHON KapAnoHarpy3ku. B moucke perue-
HUI JaHHOU NPOOJIeMBI CTaNa aKTyalbHO# pa3paboTka KOMOMKOPMOB, CTaOHIM3UPYIOMINX (PU3HOIOTHYECKHN CTAaTyC
B Clly4ae BO3HMKHOBEHHS PUCKOB HapYIIEHHH B paboTe cepleuyHO-COCYAUCTOIH CUCTEMBI, KOTOPBIE MOTYT IPOUCXO-
JUTH BCIIECTBHE BIMSHHS HEONArONPUATHBIX (PaKTOPOB NP MHTEHCHBHOM BBHIPAMIMBAHIH. BO3MOXHBIM BapHaHTOM
pelIeHns Takoi MPoOIEMBI MOXKET CTaTh NPUMEHEHHE B COCTaBE KOPMOB KapAHOIPOTEKTOPOB, KOTOPHIE yIydIIaT Xo-
3STCTBEHHO-BAXKHBIC MPU3HAKU HCCIIEAYEMOTO BHUJA PHIO M CHU3SAT BEPOSTHOCTH YXYHIILICHUS COCTOSHHS M THOEIH
B TIPOIIECCE BHIPAIIMBAHUS 32 CUET YMEHBIICHUS] PUCKA BO3HUKHOBEHUS CEpJICUHO-COCYAUCTHIX 3aboeBanuil. [lomy-
YEHHBIC B XOJ€ BBINOJIHEHUS PAOOTHI OLECHKH U3MEHEHHH (DYHKIIMOHAIBLHOTO COCTOSHHUS Cep/lia IIEHHBIX BUIOB PbIO
MO3BOJIMJIM YCTAHOBUTH OINTHMAJbHBIC /03Bl BBEICHHS HATYPAJIbHBIX KapAHOIPOTEKTOPOB Leonurus cardiaca
u Ziziphora tenuior B COCTaB peLiENTYpP COOTBETCTBYIOIIMX KOMOUKOPMOB sl CTEPJIsAM B KosdecTse 1 %.
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Introduction

Over the past decade, there have been significant
losses in fish farms due to diseases affecting the cardi-
ovascular system of fish. Cases of high fish mortality
linked to cardiac abnormalities have been reported in
salmon commercial farms [1, 2].

In a stressful state, not only endurance increases,
but also changes occur at all levels of functional
activity of fish organ systems, the cardiovascular
system is no exception; under the influence of adverse
factors, both quantitative and qualitative indicators of
it change [3]. Physiological and morphological
disorders of the heart in fish were often observed: an
increase in heart mass (cardiosomatic index), scars on
the heart, an uneven edge of the heart, an expansion of
the heart chamber, and hemorrhagic inclusions on the
heart. It was found out that with intensive cultivation
and increased growth rate, the heart of fish is exposed
to high biological and stress loads, which can damage
the vascular endothelium of the heart [4-6].

Such injuries reduce the fish's ability to meet the
metabolic demands of physical activity, higher tem-
peratures, and low oxygen levels [7]. Additionally,
cultivated objects at sturgeon hatcheries experienced
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an increase in the cardiosomatic index, directly affect-
ing the efficiency of the sturgeon cultivation pro-
cess [8]. It is also believed that fish experience heart
failure due to stressful situations that can arise at any
stage of production. These stressful situations can be
caused by various factors such as sudden changes in
water temperature, transportation, handling, sorting,
and treatment for diseases and parasites [9-11].

When these factors affect the fish, they can lead to
problems with the cardiovascular system. This means
that the fish may be at a higher risk of having a heart
attack, developing ischemic disease due to a lack of
oxygen (hypoxia), or experiencing symptoms of tach-
ycardia. To find solutions for these problems, it has
become important to develop compound feeds that can
stabilize the physiological state in case of disorders in
the cardiovascular system caused by adverse factors
during intensive cultivation.

This research aims to tackle a problem encountered
in the cultivation of sturgeon fish. The issue lies in
a factor that significantly hampers the efficiency of the
technological process for growing sturgeon. This fac-
tor is an increase in the cardiosomatic index during the
growth of individuals. This increase indicates a deteri-
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oration of the cardiovascular system and an elevated
risk of heart attack, particularly when exposed to vari-
ous stressors. Currently, the main diagnostic methods
used at enterprises are focused on detecting inflamma-
tory processes (by measuring the total protein content
in the blood) and conducting biochemical analysis of
meat products to assess their quality. However, there
are no diagnostic tools available for identifying diseas-
es of the cardiovascular system, despite the fact that
such conditions are quite common and widespread.

The global scientific community has become in-
creasingly interested in a range of plant materials that
are rich in essential oils and bioflavonoids. These sub-
stances are widely used in herbal medicine, pharmaceu-
ticals, cosmetics, food products, and medical practice.

The effects of excessive cardio loading can be mit-
igated by adjusting the composition of the feed used.
One possible solution to this issue is the use of new
ingredients with cardioprotective properties. These
ingredients can enhance the economically important
characteristics of the fish species under study and re-
duce the risk of deterioration and death during cultiva-
tion. This is achieved by minimizing the likelihood of
cardiovascular diseases in fish farms caused by stress
factors associated with the farming process. Therefore,
conducting a patent search and analyzing international
scientific literature, we sclected the names of raw ma-
terials and plant-based preparations to compile a list of
potential safe ingredients of local origin for cardiopro-
tectors. We then evaluated the potential of using these
ingredients as components in compound feeds for fish,
considering the nutritional needs of sturgeon. This
process allowed us to identify some promising ingre-
dients for experimental formulations. These include
Leonurus cardiaca and Ziziphora tenuior.

Leonurus cardiaca (motherwort) is a perennial her-
baceous plant of the family Lamiaceae, most in demand
as a medicinal product in cardiology, the raw materials
of which include polysaccharides (6.2%), organic acids
(2.7%), tannins (2.35%), alkaloids (0.3%), ascorbic acid
(0.27%), carotenoids (0.24%), flavonoids (0.23%), mac-
ronutrients: calcium, magnesium, iron; trace elements:
copper, zinc, manganese [12]. Motherwort alkaloid
compounds contribute to the correction of metabolic
disorders caused by stress and anxiety, can restore nor-
mal heart rhythm and blood pressure. In addition, moth-
erwort grass contains minerals important for the cardio-
vascular system — magnesium, sodium and potassium,
as well as glycosides and organic acids, which have
cardiotrophic and angioprotective properties. In addition
to stress-protective properties, biologically active sub-
stances - flavonoids protect the body from the negative
effects of free radicals, maintain normal vascular wall
tone, improve blood clotting and capillary circulation,
and these properties of motherwort are manifested only
under conditions of oxidative stress, when the body
requires antioxidant support.

Ziziphora tenuior is a fragrant herbaceous plant
whose range covers the territory of Iran. It belongs to
the family Lamiaceae and has small leaves and white,
pink and purple flowers. Plants of the Lamiaceae family
as a whole are of particular interest due to the fact that
many representatives of the family have antibacterial,
sedative, analgesic and immunostimulating effects [13].
In particular, drugs based on ziziphora have effects such
as protection of cardiomyocytes from hypoxia [14].

Evaluation of the effect of Ziziphora tenuior extract
on biochemical parameters, including liver function
tests and lipid profile, showed that cholesterol and ala-
nine aminotransferase levels decreased in the groups
receiving this extract. The main compounds of ziziphora
include pulegone, a biologically active compound that is
used in the treatment of fever and stomach tone due to
its analgesic and anti-inflammatory effects. Ziziphora
thin has lipid-lowering properties and improves oxida-
tive stress in the lungs and liver of rabbits. Phytochemi-
cal studies have established the presence in the composi-
tion of the corresponding raw materials of six derivatives
of flavonoids, luteolin, apigenin, 5-O-methylapigenin,
apigenin-7-O-glucoside and ziziphorins A and B, as well
as some derivatives of triterpenoids, 3', 5'-dihydroxya-
cetophenone, isomentone, 2-methyl-5-(1-methylethyl)
phenol, limonene, 12 acetyl-4, 4 d-methylcyclopentane-
2-isene, ziziphorins, anthocyanins, proteins. Steroid
compounds, carvacrol, phytonutrients limonene and al-
pha-terpineol in plants of this family also have analgesic
and antibacterial properties, therefore, components based
on raw materials of its representatives are used in the
food industry as part of dairy products as flavorings and
preservatives. Due to their antioxidant activity, extracts
from these plants improve oxidative stress in the liver
and lungs, increase the activity of antioxidant enzymes in
the body and reduce oxidative stress [15].

Using plant extracts with cardioprotective proper-
ties in production compound feeds not only reduces
the risk of cardiovascular diseases that negatively af-
fect the growth, survival, and quality of reproductive
cells in aquaculture facilities. It also provides the body
with biologically active substances, antioxidants, and
mineral elements. These elements, among other things,
improve the activity of the heart in farmed fish.

The search for new patterns of sturgeon food strat-
egy based on the study of the possibility of optimizing
the growing process on a feed formulation with the
desired components, determined the purpose of the
study — to study the fish-breeding and physiological-
biochemical parameters of sterlet when using
Leonurus cardiaca and Ziziphora tenuior in feeding.

Material and methods

Experimental work was conducted in 2023 at Astra-
khan State Technical University. The research object
was a Sterlet (Acipenser ruthenus Linnaeus, 1758),
weighing 100 grams each and in its second year of cul-
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tivation. It was imported from a cage enterprise in the  corresponded to the above SS.
Astrakhan Region in the spring. In total, 24 healthy in- The nutritional value of the compound feed was cal-
dividuals of the same size were randomly divided into  culated according to the developed methods [16]; the
3 fish breeding tanks with a capacity of 400 liters and  physico-chemical composition of the compound feed
a planting density of 8 fish per tank. Fish feeding was  corresponded to SS 10385-2014 p. 5.3.4, the percentage
carried out according to the following scheme: control  of animal and vegetable proteins corresponded to the
group and experimental groups 1 and 2. nutritional needs of sturgeon. New formulations were
The experiment lasted 30 days, starting with a 10-day  tested to determine the percentage of crude components:
period of adaptation for the fish in the tanks. The fish  protein according to SS 32044.1 — 2012; fat accor-
were fed a diet of our own formulation, which included  ding to SS 1346.15 — 2016, item 9; ash according to
common ingredients such as fish flour, meat and bone  SS 26226 — 95, item 1; fiber according to SS 31675 —
meal, gluten, pumpkin cake, oat and wheat flour, 2012, item 6.
soleros, soy flour, feed yeast, probiotic, premix, and fish Each diet was distributed in parallel fish tanks. The
oil. Additionally, the diet contained various concentra-  fish were hand-fed according to their feedability at
tion additives: option 1 included motherwort at 1%, 9:00 and 16:00 every day for 30 days. Filtered water
option 2 included ziziphora at 1%, and there was a con-  was supplied to each container, covering the consump-
trol group without any additives. tion. During the entire feeding experiment, the water
The proposed components in the formulations, in- temperature was maintained at 24.0 = 2.0 °C, and the
cluding those containing phytomeans, were ranked by  oxygen content in the water was 8.0 mg/l. The concen-
percentage in accordance with the formulation, the re-  tration of ammonia nitrogen was controlled at a level
sulting mixture was thoroughly mixed, the prepared wet  of less than 0.2 mg/l during the entire period.
mixture of experimental compound feeds was formed At the end of the feeding experiment, the individu-
in the form of cylindrical filaments with a diameter als were not fed for 24 hours before sampling. The
of 3.5 to 7.5 mm, after which it was dried with warm air ~ amount of feed consumed in each tank was calculated,
at a temperature of 55.5 °C in a universal drying cabinet  and the number and total weight of fish in each tank
“Ekros” PE-4610 series. The dried feed pellets were  were determined to calculate parameters related to
ground to the required size. Feed pellets after prepara-  growth indicators. Objects from each container were
tion and spraying of fat — containing components on  measured (body length, body weight, mass of internal
them in accordance with the formulation complied with  organs) for subsequent analysis of fish-breeding and
the requirements of SS 10385-2014 “Compound feed  biological indicators.
for fish” and looked as follows — the finished product in Using pre-defined size — weight indicators, such as
the form of hard grits, the surface is matte, pale brown initial and final weights, a number of derived charac-
color without cracks, as well as crumbliness, water re- teristics and coefficients were calculated:
sistance and passage of compound feed through a sieve

Absolute gain (WG, g) = Final weight (g) — Initial weight (g);
Weight gain coefficient (WGR, %) = (WG, g) / (Initial weight, d)) - 100;
Average daily increase (WG, g/day) = (Final weight (g) — Initial weight (g)) / number of days;
Average daily growth rate (WG, %) = ((Final weight () / Initial weight (g))"" — 1) - 100 %;

'3 _ Initial weight (g)"”) - 3) / day;

Mass accumulation coefficient (FMA) = ((Final weight (g)
Fulton coefficient (FQ) = Final weight (g) - 100 / Final length (cm)’;
Cardiosomatic Index (CIF) = (Heart mass (mg) / Fish weight (mg)) / 1 000 %eo;

Survival rate (SR, %) = (Final number of fish / Initial number of fish) - 100;
Feed Conversion Rate (FCR) = Amount of feed eaten (g) / (Final weight (g) — Initial weight (g)).

In order to diagnose the condition of objects in  tained heparin, which prevents blood clotting, to de-
each fish tank, blood was taken from the caudal vein  termine the concentration of hemoglobin; the other
from fish using sterile syringes pretreated with a solu- was empty, without heparin, to obtain blood serum.
tion of the anticoagulant heparin. The blood taken  Separately, blood samples were taken into vacuum
from each individual was immediately drained into  tubes-containers with a coagulation activator for bio-
two different Eppendorf-type tubes: one of them con-  chemical studies (Fig. 1).
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Fig. 1. Organization of experimental data collection:
a — determination of dimensional and weight indicators;
b —blood sampling from the tail vein using sterile syringes;
¢ — collection of material for determining the cardiosomatic index; d, e — equipment

For physiological and biochemical blood tests, the
concentration of total protein, g/l, the rate of erythrocyte
sedimentation (ESR), mm/ h, cholesterol, mmol/l, glu-
cose, mmol/l were determined; among the biochemical
parameters of the blood, the level of hemoglobin, g/l was
also studied; in serum blood: aspartate aminotransferase
(AST), alanine aminotransferase (ALT), mmol/(s‘1),
cortisol level, ng/ml.

The assessment of the adaptive reaction of the
body and the action of the components was carried out
according to the indicators of the physiological and
biochemical composition of the blood in selected indi-
viduals at the beginning and at the end of the growing
period. The analysis of the biochemical composition of
the blood of cultured fish was performed according to
generally accepted methods. The physiological state
was assessed according to hematological and biochem-
ical parameters, sampling was carried out in vivo ac-
cording to recommendations, in compliance with the
rules of asepsis and antiseptics (Fig. 1).

The concentration of whey protein in the laboratory
was determined by the biuretic method using sets of

reagents from the Agat-med company [17], the level of
cholesterol in the blood was determined by the enzy-
matic method using a set of reagents from the
Olvexdiagnosticum company [18, 19]. The concentra-
tion of glucose in the blood serum was determined by
enzymatic colorimetric method without deproteiniza-
tion (Trinder reaction). A Unico 2100 spectrophotome-
ter was used to measure the optical density of the sam-
ples obtained. The concentration of hemoglobin in the
blood was determined photometrically using a set of
reagents from the Agat-Med company [20], ESR was
determined by the Panchenkov method. AST, ALT in
blood serum were determined by UV kinetic method,
cortisol levels were determined by immunochemilu-
minescence analysis.

Statistical processing. Statistical analysis was per-
formed using statistical functions of the Microsoft Ex-
cel and the R language. As the criterion for checking
samples in groups for the normality of distribution the
Shapiro — Wilk criterion was used. The primary analy-
sis was performed by calculating the main indicators
of descriptive statistics, including sample averages and
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95% confidence intervals for them, as well as con-
structing boxplot. The significance level for determin-
ing significant differences between the group averages
of the pairwise groups was assumed to be 0.05 (differ-
ences were considered significant for p < 0.05). To
calculate the values of confidence intervals for sample
averages, the confidence probability value was as-
sumed to be 95%. The differences in sample averages
were evaluated using the ANOVA, and multiple com-
parison post-hoc procedure was performed using the
Tukey’s HSD test. The study complied with official
Russian guidelines for the care and use of animals for
scientific and educational purposes (Federal Law No.
498-FZ of 12/27/2018).

Results and discussion
For theoretical justification, the possibilities of
using natural components of cardioprotectors for fish

based on fish-breeding and biological indicators in the
composition of feeds have been experimentally con-
firmed.

The study explored the potential of incorporating
natural ingredients from cardioprotective fish-based
products into fish feed based on breeding and biologi-
cal characteristics. The aim was to enhance the health
and well-being of fish, particularly sterlet.

The research involved two experimental groups of
sterlet fish. The first group served as the control, while
the second group received the enhanced feed with the
added cardioprotective ingredients.

After conducting the study, it was found that the
second experimental group of sterlet individuals out-
performed the control group in terms of all breeding
and biological indicators. The differences were statis-
tically significant, as shown in Table 1.

Table 1

Fishery-biological indicators of sterlet cultivation

Indicators Control Group 1 Group 2
WG, g 9.02 9.48 10.5
WG, g/day 0.30 0.31 0.35
WG, % 0.20 0.21 0.24
WGR, % 6.03 6.48 7.40
FQ 0.35 0.37 0.35
FMA 0.0105 0.0112 0.0126
FCR 0.66 0.61 0.54
SR, % 100

The absolute growth rate exceeded the control
by 1.05-1.1 times, the average daily growth rate of
1.05-1.2 times, the gain ratio of 1.07-1.2 times. The feed
conversion rate decreased by 8.0 and 22% in the first
and second variants, respectively.

Heart. Increased loads on the body of fish, in the
case of cultivation in aquaculture conditions, most
often caused by a significant deviation from optimal
conditions due to the action of certain stress factors;
significantly affect the state of the cardiovascular
system. The change in physiological parameters is
manifested primarily in an increase in heart rate
(a symptom of tachycardia), an increase in respiratory
rhythm due to the need to increase oxygen

consumption. These symptoms put a strain on the heart
and may be the reason for the build-up of its mass. At
the same time, there may be changes in the
cardiosomatic index within 40%. Thus, in ecologically
optimal conditions, the value of the cardiosomatic
index is lower than with prolonged exposure to
adverse factors. Because of this, the value of this
indicator can be used to judge, among other things, the
conditions of the facilities and their state of health. The
average value of the cardiosomatic index in sterlet
of the first and second experimental groups was 1.50
and 1.37, respectively, according to the results of the
experiment; it turned out to be 8.05% less in the
second group compared with the control (Table 2).

Table 2
Cardiosomatic index indicators
Indicators Control Group 1 Group 2
Cardiac mass, mg 0.257 +£0.043 0.304 +0.048 0.259 +£0.032
CIF, %o 1.49+£0.12 1.50 £ 0.08 1.37 £0.07*

* The differences are significant at p < 0.05.

Fig. 2 shows a bar chart showing the average values
of the CIF in the samples according to the experimental

variants.

62




Vestnik of Astrakhan State Technical University. Series: Fishing industry. 2024. N. 3

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

Commodity aquaculture and artificial reproduction of hydrobionts

1.55
1.5

1.451

CIF. %o

1.4 4

1.354

1.3 -

Control

Group 1 Group 2

Fig. 2. Diagram of the value of the CIF, %o, in each of the groups

For a more detailed analysis of the data obtained
for this indicator, a boxplot diagram was constructed
(Fig. 3, a), as well as a procedure for analysis of vari-

a

1.50
I

145
I

Cardiosomatic index, %o

T T T
Group 1 Group 2 Control

Group

ance, the results of which, adjusted for multiple com-
parisons using the Tukey’s HSD a posteriori criterion,
are presented in Fig. 3, b.

b 95% family-wise confidence level

Group2-Group1 o ——————)

Control - Group 1 -

Control - Group 2 —

02 -01 0.0 0.1 02

Linear Function

Fig. 3. Visualization of data analysis results for three groups:
a —boxplot for cardiosomatic index in each group; b — ANOVA results, performed by using Tukey’s HSD test

The boxplot diagram illustrates the key statistical
features of each group under investigation. The median
is represented by a horizontal line, while the upper and
lower borders of the rectangles depict the upper and
lower quartiles for each sample, respectively. The
height of the rectangle indicates the interquartile dis-
tance. Additionally, the conditional boundaries of the
samples are marked by a dotted line. Any data points
located beyond these limits are considered outliers.

A preliminary analysis using the boxplot diagram
clearly demonstrates that the difference in the values
of the cardiosomatic index between the control group
and option 2 is most significant. Conversely, the dif-
ference for option 1 is minimal. These findings are
also supported by the results of analyzing sample aver-
ages using analysis of variance with the post-hoc Tuk-
ey’s test (Tukey’s HSD) — all-pairs test for multiple
comparison procedure.

The results in Fig. 3, a illustrate the differences in
average values between each pair of compared groups.
The groups being compared are indicated on the verti-
cal axis.

A 95% confidence interval is calculated for these

differences in average values. If the zero difference
falls within the boundaries of this confidence interval,
it means that there is no statistically significant differ-
ence between the groups. In other words, the H, hy-
pothesis, which states that there are no significant dif-
ferences, is accepted. However, if the zero difference
is not included in the confidence interval, it suggests
that there is a statistically significant difference be-
tween the groups at a p-value of less than 0.05.

The analysis results shown in Fig. 3, » demonstrate
that there are no statistically significant differences
between the average values of the cardiosomatic index
for the control group and option 1. However, in the
case of option 2, statistically significant differences
were confirmed.

Considering the absolute values of the average
sample, it can be argued that option 2 has recorded
a statistically significant decrease in the cardiosomatic
index (by 8.05% compared to the control). This indi-
cates that a diet with the addition of Ziziphora vulgaris
at a concentration of 1% improves the quality of sterlet
yearlings and ensures more efficient cultivation.

The data on the cardiosomatic index confirm the
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significant level of cardioprotective effect of this sup-
plement.

Analysis of blood parameters. To assess the over-
all health status of the sturgeon fish and detect the po-
tential development of various diseases, a comprehen-
sive analysis of their blood was performed. This in-
cluded physiological, biochemical, and hematological
examinations.

The physiological and biochemical parameters of the
sturgeon fish that were fed with the proposed diets

were not always within their optimal reference ranges.
For example, an imbalance in the nutritional compo-
nents of the compound feeds, such as low protein con-
tent, can lead to a deficiency in the diet. This imbal-
ance affects the proportion of hemoglobin in the blood,
resulting in a decrease in its level, which can cause
anemia in aquaculture facilities.

The monitoring of the blood parameters obtained
from the control group of sturgeon fish showed minor
deviations from their physiological norm (see Table 3).

Table 3
Physiological and biochemical parameters at the end of cultivation
Indicators Norm Control Group 1 Group 2

Hemoglobin, g/l 45.0-75.0 53.77 +4.39 61.77 £7.37 77.58 £11.57*
Total protein, g /1 20.0-60.0 17.34 £ 1.59 20.14 £ 1.15* 24.68 £2.37*
ESR, mm/h 3.0-6.0 4.00 +0.52 1.50 + 1.16* 2.83 + 1.26%*
Cholesterol, mmol/l 1.0-5.2 1.69+0.27 1.87 +£0.46 1.84 +£0.35
Glucose, mmol/I 1.0-6.0 3.49 £0.57 3.33+0.40 2.70 £ 0.62%*
AST, umol/(s - 1) 1.017-2.933 0.083 £ 0.006 0.18+0.016* 0.17 £0.022*
ALT, pmol/(s - 1) 0.10-0.38 0.075+0.019 0.226 £0.023* 0.287 £ 0.054*
Cortisol, ng/dl 10-40 14.55+0.91 11.15 £ 0.69* 16.71 £1.07*
De Ritis ratio 0.9-1.73 0.91 1.26 1.68

* The differences are significant at p < 0.05.

In the experimental group, there was an increase in
hemoglobin levels from 61.77 to 77.58 g/1. This corre-
sponds to an increase of 1.1 to 1.4 times compared to
the control group. The observed hemoglobin levels are
within the normal range, which eliminates the risk of

20 22 24 26
1 1 1 1

Total protein, g/1

18

—

Group 1 Group 2 Control

Factor

Fig. 4. Boxplot for concentation of total protein values

The calculated interquartile distances and sample
boundaries indicate significant differences in the indicator
between the control group and both experimental groups.

The analysis of variance confirms that there are
statistically significant differences between the control
group and the experimental groups at a significance
level of p < 0.05.
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hypoxia and heart problems.

The Fig. 4 and 5 show the results of the experiment
regarding the total protein content in blood serum. The
designations in these figures are similar to those in
Fig. 3, a, b.

95% family-wise confidence level

Group 2 — Group 17 )
Control — Group 1 - )
Control - Group 2 | t————

T T

5 0 5

Linear function

Fig. 5. Results of analysis of variance
for total protein values using Tukey’s HSD test

It should be noted that in both experimental
groups, the total protein concentration was higher than
in the control group: by 16% in the first group and by
42% in the second group. These findings confirm that
the conditions for keeping the fish in the first and se-
cond experimental groups are optimal or at least much
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closer to optimal. They also indicate a high level of
adaptive capabilities of the fish in these groups.

The protein content in the control group was record-
ed at the lower limit of the physiological norm (20 g/1).
This level is proportional to the level of stress and is
likely related to the quality of the tested feed.

Looking at the table, we can see that the erythro-
cyte sedimentation rate (ESR) is higher in the control
group. This may indicate some inflammatory process-
es in the fish's body, which were more intense in these

e ‘
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=

|

< e |
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< T T T

Group 1 Group 2 Control
Factor

Fig. 6. Boxplot for ALT values

These differences were observed in both cases:
when using a feed variant containing motherwort and
when using a feed with an additive in the form of
ziziphora.

The boxplot diagram for the AST indicator (Fig. 8)

=
B
E
3 2|
e o
%)
<
e
T T T
Group 1 Group 2 Control

Fig. 8. Boxplot for AST values

For ALT, the highest value of the indicator was
recorded for the first experimental group, although it
does not differ statistically significantly from the simi-
lar indicator of the second experimental group. On the
other hand, for AST, the highest value was observed in

individuals. In option 1, the corresponding value of the
indicator is below the norm — 1.50 mm/h. The second
group of studied individuals had ESR values close to
the norm, averaging 2.83 mm/h.

The ALT boxplot diagram (Fig. 6) shows essential
differences between the control and experimental
groups. This finding is supported by the results of the
analysis of variance (Fig. 7), which confirms that dif-
ferences between the average values of the samples are
significant (p < 0.05).

95% family-wise confidence level

Group 2 — Group 1

Control = Group | 1 &

Control — Group 2 -

Linear function

Fig. 7. Analysis of variance
of ALT values using Tukey’s HSD test

also demonstrates a significant difference between the
control and experimental samples. The analysis of
variance (Fig. 9) reveals statistically significant differ-
ences between the control and experimental groups, as
well as among the experimental groups themselves.

95% family-wise confidence level

Group 2 — Group 17

Control — Group 1+

Control — Group 24 ————

T T T T T T T
025 020 -015 010 -005 000 0.05 010

Linear function

Fig. 9. Analysis of variance of AST
using Tukey’s HSD test

the second experimental group.

It is worth noting that both indicators showed an
increase compared to the control group. Moreover, the
de Ritis ratio (AST/ALT ratio) in the control group
was at the lower limit of the normal range. In contrast,
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in the first and second experimental groups, this ratio
increased, with the second experimental group ap-
proaching the upper limit of the normal range.

At the beginning of the experiment, the levels of
two enzymes were measured: alanine aminotransferase
(ALT) and aspartate aminotransferase (AST). The
ALT level was 0.159 £ 0.019 umol/(s - 1), and the AST
level was 0.182 £ 0.02 umol/(s - 1). These values were
used to calculate the de Ritis coefficient, which came
out to be 1.145.

By the end of the experiment, in the control group,
this coefficient had dropped to 0.91, which was at the
lower limit of the physiological norm. According to
the authors, this is a sign of an unfavorable course of
pathology related to liver function. It also suggests that
the quality of the feed used was poor.

In contrast, the first and second experimental groups
showed optimal values. Their ALT levels were 2 times
higher than in the control group (0.318 + 0.035 pumol/(s - 1)
and 0.345 + 0.032 umol/(s - 1) respectively). Their AST
levels were also higher, but within the normal range.
The first experimental group had an AST level that was
3 times higher than in the control group, while the se-
cond group had an AST level that was 3.8 times higher.
This proves that Leonurus cardiaca has pronounced
cardioprotective functions.

The first experimental group had the lowest cortisol
index, which suggests that the motherwort supplement
has a strong sedative effect.

Compound feed. The expected increase in capacity
for the production of aquaculture products makes it
necessary to solve the related problem of increasing
the production of domestic aquaculture feeds with
a high level of involvement in the turnover of the local
raw material base, including to ensure independence
from imports, partially or completely stopped under
severe sanctions pressure. The lack of feed is currently
one of the main factors limiting the development of
aquaculture [21]. To an even greater extent, the prob-
lem of providing feed of domestic production is signif-
icant for enterprises that provide themselves with feed
independently, making small batches from raw materi-
als presented on the domestic market.

Despite the fact that the quality of the components
was confirmed by quality certificates, the actual study
of ready-made compound feeds showed their low qual-
ity as part of each of the formulation options.

During the analysis of the nutritional properties of
compound feed according to its own developed formula-
tion, a conclusion was made about the low quality of the
feedstock (Table 4), despite the fact that quality certifi-
cates have been obtained for the incoming components.

Table 4
Nutritional value of experimental compound feeds
Value
. s .
Weight proportion, % Norms* Projects values | Experienced compound feed Method of testing
Crude protein 42.0 43.27 23.1-24.4 Standard 32044.1 — 2012
Crude fat 12.0 10.33 9.35-9.83 Standard 1346.15 —2016
Crude ash 10.0 9.5 28.0-29.0 Standard 26226 — 95
Crude cellulose 3.0 4.7 2.9-23 Standard 31675 — 2012

* Standard 10385-2014.

When experimentally using the obtained compound
feed without compensatory additives, a low content of
whey protein, a high index of the cardiosomatic index
and low activity of the ALT enzyme were noted,
which negatively affected the De Ritis ratio and the

intensity of biochemical processes in the liver. On the
contrary, the use of compound feeds with cardiopro-
tective additives had a positive effect [11], which is
reflected in Table 5.

Table 5
Fishery-biological indicators and physiological-biochemical effects
Plant ingredients Fishery-biological effects Physiological-biochemical effects
WG g +5%
WG % +3% Hemoglobin, g/l +14%
Leonurus cardiaca WGR, % +7.5% Blood serum protein content, g/l +16%
FCR —7.6% De Ritis ratio +39%
CIF, %o 0%
WG, g +16%
WG % +12% Hemoglobin, g/ +44%
Ziziphora tenuior WGR, % +22.7% Blood serum protein content, g/l ~ +42%
FCR — 18.2% De Ritis ratio +85%
CIF, %o —8.05%
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Conclusion

Cardioprotective additives of natural origin enhance
the digestibility of feed components, leading to improved
fish product quality. The research revealed that when
feeding sterlets weighing 100 grams with the developed
feed and rationing the daily feed amount to 4% of body
weight, adding Ziziphora tenuior to the feed formulation

at a 1% content level significantly improves heart
condition indicators. This experimental formulation has
promising potential as a preventive feed. Additionally,
when motherwort (Leonurus cardiaca) is added to the
feed, the corresponding additive exhibits a sedative
effect, as indicated by a decrease in cortisol levels in
farmed individuals.
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