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Abstract. The relevance of the study is conditioned by the defining role of the stage of early
development in the ontogenesis of young fish in the formation of their growth rate potential.
The physiological and biochemical status of the body determines the adaptive capabilities of
hydrobionts, so the use of biologically active substances when rearing fish was chosen as one of
the vectors for improving the development parameters. The purpose of the study was to determine
the effectiveness of introducing technological elements (supplementary feeding, rearing) in
the early stages of the ontogenesis of young fish. The study was based on theoretical (analysis,
synthesis, comparison, modelling), experimental, and laboratory methods adopted in fisheries,
physicochemical studies. A clinical examination of fish, monitoring of growth rates, weight gain,
survival rate, and physiological state was carried out. The results show an increase in the viability
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of young fish, activation of metabolic processes, and improvement of blood morphological
and functional parameters. The average weight of fingerlings exceeded the parameters in the
control group for carp by 3.5% and for silver carp by 3.8%. The total number of red blood cells
in the silver carp experimental group was 7.4% higher than the control (p < 0.05), haemoglobin
content - by 4.7%, haematocrit — 9.9%. The total number of red blood cells in the blood of carp
in the experimental group was 4.9% higher, and the haemoglobin content was 3.1% higher than
in the control group. In the experimental group, the total protein content exceeded the value in
relation to the control group for silver carp by 15.9% (p<0.05), and for carp - by 23.9% (p<0.01).
Enzymatic activity in the experimental group was higher compared to the control group. The
proposed method of feeding helps increase the growth rate of fish. The practical value of the
study is to help improve qualitative and quantitative parameters, in particular, the biochemical
composition of the muscle part for carp and silver carp in samples in the experimental group in

comparison with control values
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Introduction

Rational fisheries management, both the ac-
tual aquatic bioresources and the potential of
fisheries enterprises, is one of the key aspects
in the context of effective compensation pro-
grammes for stocking and replenishment of
the ichthyofauna with resilient fish planting
material. Improvement of the strategy for the
development of fisheries, harmonisation of fish
production in natural and artificial reservoirs
with the maximum use of the potential of water
resources, and consideration of physiological,
ichthyological, and breeding aspects are dom-
inant vectors in this area. Therefore, complex
research on optimising technological elements
and rational use of industry resources come
to the fore (Buzevych, 2012; Bekh et al., 2014;
Heina et al., 2015). Rearing fish planting ma-
terial, increasing the level of resistance of the
body of hydrobionts to the influence of various
factors, and improving the development pa-
rameters of young fish are a prerequisite for the
promising and sustainable development of the
fisheries industry as a whole (Sen et al., 2017;
Honcharova et al., 2019; Tsurkan et al., 2019).

In the context of modern realities, many
studies focus on the need and expediency of
reloading individual elements and technologi-
cal systems of the fisheries industry. Moreover,
it should be borne in mind that the transfor-
mation of a number of parameters of differ-
ent nature: physicochemical, hydrobiological,
physiological and biochemical, ecological and
biological in aquatic ecosystems occurs in ac-
cordance with the adaptive capabilities of the
aquatic organism (Honcharova et al., 2021).
Aquatic ecosystems form a certain number of
parameters in accordance with climatic trans-
formations in modern conditions. At the same
time, the mechanisms of neuro-humoral reg-
ulation in the body of hydrobionts are aimed
at maintaining the parameters of homeostatic
balance. A single functional system in the body
of introduced hydrobionts or native ichthyo-
fauna should be aimed at regulating and ensur-
ing the constancy of vital parameters, increas-
ing adaptive capabilities, and in some cases, the
ability to globally rebuild a link of adaptive and
compensatory mechanisms in order to stabilise
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vital functions. Under stressful situations that
may be caused by the discrepancy between neu-
ro-humoral regulation on the influence of abi-
otic and biotic factors, the functional status of
the fish body will have a decrease in resistance
to negative effects, low development parame-
ters, and deterioration of the reproductive abil-
ity of hydrobionts. Under such conditions, it is
important to implement comprehensive system
solutions with a vector of corrective and mod-
elling effects on the fish body. In this context,
the course of metabolic processes in their body
forms qualitative and quantitative parameters:
the rate of development in ontogenesis, surviv-
al, productivity, etc. These aspects are among
the priorities in the development of strategic
programmes for optimising the production of
viable young fish for effective stocking of reser-
voirs of various shapes and purposes.

Some researchers emphasise the need for
rational use of water resources, harmonisation
of trophic relations, and qualitative and quanti-
tative parameters of fish against the background
of environmental conditions of a certain water
area (Sherman et al., 2017; Korzhov & Hon-
charova, 2020). Climatic transformations, tech-
nogenic load on ecosystems, rapid development
of technologies and their introduction into the
technological scheme often contribute to the
“discrepancy” of physiological and biochemical
mechanisms, and adaptive capabilities of the
body of hydrobionts. As a result, there is a chain
of consecutive changes: stress reactions in the
body of hydrobionts, a decrease in the indica-
tors of effective management of the industry,
irrational exploitation of resources, etc.

Under these conditions, one of the solution
cases is the need to reconstruct the ichthyofau-
na of water areas and develop certain compre-
hensive recommendations. In the conditions of
rearing and introducing resilient fish planting
material of commercial fish species, there are
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opportunities for successful implementation of
the programme to achieve positive results and
solve a considerable number of issues of fisher-
ies activities. Researchers provide informative
and objective data on a significant reduction in
fish planting material for carp stocking in wa-
ter areas, the need to review the main aspects
of strategic programmes for the development
of the fisheries industry. Given these aspects,
there is an urgent need to update the ichthy-
ofauna, thereby determining the topic and
relevance of research in this line (Buzevych &
Heina; 2019; Averchev et al., 2019; Shcherbak
et al., 2020).

Summarising these aspects, it is worth
noting the relevance of scientific and prac-
tical work in optimising certain elements at
the stage of rearing young hydrobionts. Given
that there is a rapid development of technolo-
gies, transformations in the context of abiotic
and biotic factors, and the body of hydrobi-
onts must adapt to the leading factors, studies
on the possibilities of improving the adaptive
capabilities of the body, activating metabolic
processes, improving the speed of development
of hydrobionts acquire practical and scientific
value. To achieve these objectives, the aim was
to study the influence of the technological fac-
tor on the main physiological and biochemical
parameters in the carp organism at the rearing
stage through a comprehensive study.

Literature Review

The researchers substantiate the importance of
increasing the production of fish planting ma-
terial in modern ecological and technological
conditions for the purpose of further stocking
of water areas, restoration of ichthyofauna, and
rational fisheries management of reservoirs for
various purposes (Shcherbak et al., 2020; Re-
gional report on the state of the environment of
the Kherson region 2001-2021, n.d.). Adaptive
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and compensatory mechanisms of hydrobionts
are rearranged in their body depending on the
abiotic and biotic factors of the environment
where they are located. Introduced hydrobi-
onts should occupy the corresponding trophic
niches of the aquatic environment. Admittedly,
it depends on the availability of the food re-
source of the aquatic ecosystem and their eco-
logical and biological characteristics. Rational
exploitation of water bodies, considering the
biological needs of water bodies, will ensure ef-
ficient fishery use of water areas (Buzevych &
Heina, 2019; Sherbak et al., 2020).

Given the practical value of the outlined
range of problems, the decisive role of optimis-
ing the technological and biological aspects of
fish farming can be noted, in particular, carp in
polyculture in the context of the growing cycle.
The researchers focus on revising the main pa-
rameters and technological aspects in the con-
ditions of modern climatic transformations, in-
cluding fish wintering and the stages of rearing
(Boychenko et al., 2016; Tsurkan, 2022). There
are authors who focus on the prospect of using
enzymatic compounds, prebiotics, and drugs
aimed at correcting the feed conversion rate
and improving the overall fish-biological indi-
cators (Hoseinifar et al., 2017; Ziétkowska et al.,
2020). However, it is important to consider the
bioavailability of each of the ingredients for the
body of hydrobionts, the specificity of action
and the features of physiological and biochemi-
cal processes. In this context, the issue of using
“environmentally friendly” substances as part
of additives or separately in aquaculture is rele-
vant. This method brings technological aspects
closer to “organic production”, which in mod-
ern conditions tends to increase demand among
producers of aquaculture products and consum-
ers. It is proposed to introduce various prob-
lem-solving cases at certain stages, when the
potential for the development of hydrobionts is

formed. In particular, the introduction of com-
ponents in the feeding of hydrobionts of active
substances are of natural origin, as close as pos-
sible to environmentally friendly ones. Promis-
ing results on the introduction of biologically
active, specially processed or non-traditional
components of the general diet of hydrobionts
in the general technological scheme are reflect-
ed by some researchers (Pivovarov et al., 2017;
Palamarchuk et al., 2018; Pratiwy et al., 2020).

The effectiveness of optimisation meas-
ures in the context of technological aspects is
ensured by comprehensive in-depth studies of
the environment for hydrobionts and condi-
tions of resource feed potential (Korzhov, 2020).
N.I. Kulbida (2004), O. Honcharova et al. (2021)
focused attention on the expediency of devel-
oping strategic solutions for restarting the fish-
eries sector, considering the impact of climate
parameter transformations both at the regional
and global levels (FAO, n.d.; Intergovernmental
Panel on Climate Change, n.d.).

Based on the above, there is a need to de-
velop and implement innovative and ecological
technology for the production of fish farming
products and rational operation of reservoirs.
Comprehensive optimisation measures of the
technology of rearing fish planting material, de-
pending on modern environmental and techno-
logical factors, will contribute to complement-
ing the general idea and successful search for
the optimal model for growing young fish. The
relevance of obtaining high-quality viable fish
planting material remains even in modern con-
ditions of development of the fisheries industry.

Materials and Methods

The research is focused on the main exper-
imental part of the component, which was
performed at the premises of the Department
of Water Bioresources and Aquaculture of
KSAU (Ukraine), laboratories at the Faculty of
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Fisheries and Nature Management of KSAU and
state institution (SI) “Kherson production and
experimental plant for breeding and rearing
young common freshwater fish. The Depart-
ment of Aquaculture of the National University
of Life and Environmental Sciences of Ukraine
(NUBIP) analysed and developed the feed mix-
ture, which, after the preparatory stage, was
transferred to the Department of Water Biore-
sources and Aquaculture of KSAU for the main
part of research: feeding and rearing carp in
an experimental study. Copyrights for the use
of technological elements of supplementary
feeding, the composition of the feed mixture,
and the use of a method to increase the viabil-
ity of young fish are secured by the authors of
developments of the Department of Water Bi-
oresources and Aquaculture of Kherson State
Agricultural University.

The fish diet was optimised in compliance
with generally accepted recommendations
(Zheltov, 2003; Hrytsyniak, 2007;). For the pro-
duction needs of the operation of pool systems,
a solar panel was used as an additional energy
source with the installation of elements for the
use of additional filtration in fish pools using
agricultural crops and materials capable of fil-
tering water coming from the reservoirs of the
system at a certain level. The developed scheme
for rearing fish planting material of young carp
Cyprinus carpio is proposed in polyculture with
a silver carp hybrid Hypophthalmichthys hybrid
was used in the research group. The results
were compared with the control group. Tech-
nological aspects of the experimental study are
as follows: a system of recirculation pools, for
the experiment, 250 m® tanks with appropriate
equipment, elements of filtration sections, a
built-in autonomous section (unit) for the cul-
tivation of microalgae with a timer for the cor-
rection of light and hydrochemical conditions.
All parameters were monitored systematically
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and recorded in the work log. In each tank, there
were Cyprinus carpio larvae for rearing in poly-
culture with Hypophthalmichthys hybrid with
initial weight up to 400 mg (average 0.325 mg).
When planting fish for rearing, samples of 260
specimens were selected into the formed groups
to analyse the parameters of the physiological
and biochemical state of their organism. Blood
and other biological samples were taken from
50 specimens (Dehtiarov, 2001). At the end of
the experimental study, the functional state of
the body of carp and silver carp fingerlings was
studied before and after stocking water areas.

At the beginning of the preparatory stage of
experimental work, the model basin system was
installed and tested in the conditions of labora-
tory research of KSAU and SI KPEP. Feeding at
various stages of fish ontogenesis was carried
out in accordance with the current standards
in fish farming. At the same time, the size and
dispersion of particles and granules were grad-
ually changed to increase their bioavailability.
At the time of the transition of fish larvae to
mixed nutrition, these components were intro-
duced gradually. They were cultivated in a bi-
oreactor, followed by filtration and processing.
The culture obtained from the mother liquor of
its own cultivation in a medium based on wa-
ter treatment was develop for introduction into
the fish diet based on the calculation of 1:3 and
1:2 working solution of S. Platensis: humic sub-
stances of a commercial preparation of 15 mg
per kg of feed, while the feed particles were
evenly distributed and sprayed. The technolog-
ical factor was thus a feed mixture and filtration
conditions involving not only classical energy
sources, but also alternative ones (solar panels).

The hydrochemical state of the tanks was
monitored according to standard parame-
ters based on the monitoring schedule. The
aquatic environment is a single ecosystem
for hydrobionts, which has a direct impact on
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the formation of all processes and the level of
functionality of their body. At this stage, mon-
itoring studies were carried out systematically
in accordance with the planned schedule, which
allowed analysing the trend towards changes
and fluctuations in each of them. Consequent-
ly, the temperature regime and the level of free
hydrogen ions (PH) had an average value of
24.3-24.4°C (with a gradual decrease) and 7.3
units. With the development and stabilisation
of the main homeostatic indicators of the body
of young fish Cyprinus carpio and Hypophthal-
michthys hybrid, the actual temperature value
was reduced to gradually adapt to hydrochem-
ical changes in parameters after stocking of al-
ready grown juveniles. The actual values of the
hydrochemical state for the leading parameters
were within the maximum permissible concen-
trations (MPC). At the time of the introduction
of the feed mixture, the pH of the aquatic envi-
ronment in the basins of the system fluctuated
slightly, which is a reasonable phenomenon,
the difference did not exceed 1.0 units. The ox-
ygen regime had an average value of 3.8-4.0 mg
0, against the background of nitrite concen-
tration NO-, 0.02-0.03 and nitrates NO-, 0.14-
0.15 mg N/dm3. In general, the hydrochemical
regime during the rearing of hydrobionts in
reservoirs created an ecosystem of the aquatic
environment optimal for the life of young fish
in terms of basic parameters.

In addition, in parallel with laboratory
studies, systematic sampling and monitoring
of hydrochemical parameters of the water area
where it was planned to carry out stocking of
reared young fish were carried out. During the
growing season, the average temperature of the
aquatic environment ranged from 20.8 reach-
ing peak maximum individual actual values of
28.2°C. The content of oxygen dissolved in wa-
ter ranged from 6.8 to 7.2 mg/dm?, at the same
time, the level of hydrogen ions pH was in the

range of 7.6-7.9 units, ammonium nitrogen had
values at the level of 0.3 to 0.4 mg/dm>. The
content of nitrites did not exceed the maxi-
mum permissible concentration of 0.001, and
nitrates — 0.4 mg N/dm?>.

The studies of the main parameters were
guided by generally accepted methods (Hryt-
syniak, 2001; Dehtiarov, 2001; Zheltov, 2003;
Arsan et al., 2006). All the necessary equipment
was available in the conditions of a certified lab-
oratory of KSAU, SI KPEP, ThermoMix was used
to transport biological samples. The functional
status of the fish body was assessed by the lead-
ing parameters of biological material: biochem-
ical analysis of samples to study the level of
enzymatic activity of alanine aminotransferase
(ALT), aspartate aminotransferase (AST), total
protein content, and glucose concentration was
carried out in the laboratory of the Department
of Water Bioresources and Aquaculture of KSAU
on the Humalyzer 3000 analyser using Human
GmbH unified kits. Catalase activity was deter-
mined by spectrophotometric method, based
on the ability of hydrogen peroxide to form a
stable colour with the reagent. Morphological
and functional parameters of blood (total num-
ber of red blood cells, white blood cells, hae-
moglobin content, corpuscular parameters of
blood) were analysed using standard methods
using test kits and counting method. Against
the background of the outlined parameters, the
ethology of hydrobionts was monitored during
the day. All manipulations with experimental
objects corresponded to the “European Con-
vention for the Protection of Vertebrate Ani-
mals Used for Experimental and Other Scientif-
ic Purposes” (1986).

Results and Discussion

The functional status of the fish body reflected
the course of metabolic processes and the level
of resistance to various environmental factors.

Animal Science and Food Technology. 2023. Vol. 14, No. 2
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Therefore, first of all, the hydrochemical regime
in the system of cultivation of research objects
should be noted. The results of monitoring the
rate of fish development are presented as a di-
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agram in Figure 1. The average weight of carp
and silver carp corresponded to the general rec-
ommendation parameters and was higher than
in the control group.

Control group

Experimental group

Hypophthalmichthys hybrid

Figure 1. Comparative analysis of development parameters
Cyprinus carpio and Hypophthalmichthys hybrid fingerlings, (M *m, n=260)

Source: developed by the author based on own research

In addition, against the background of high-
er development parameters, the survival rate of
hydrobionts in the experimental group after
feeding was higher than in the control group, as
evidenced by higher growth rates in the group
where the feed factor played the role of a stim-
ulator of metabolic processes. Admittedly, the
aquatic environment creates optimal or oppo-
site unfavourable conditions for the viability
of hydrobionts, maintaining the parameters of
theirhomeostatic equilibrium, however, the feed
factor also indirectly corrects these parameters.

Physiological and biochemical parameters
of the carp body in the experimental group,
where the juveniles were grown using sever-
al technological factors (improved filtration,

optimisation of feeding conditions), were not-
ed as the highest indicators in comparison with
the parameters of the control group. Since the
entire system functions in symbiosis, with a
certain appropriate reflection on the influence
of abiotic and abiotic factors, the carp blood
test is an informative and important study. It
informs about certain changes in neuro-hu-
moral regulation in the body of fish, which
affect the speed of development. The results
of the study of the leading morphological and
functional parameters of blood in fish in on-
togenesis allowed identifying the adaptive
capabilities of their body and assessing its
functional status under the conditions of using
technological factors (Table 1).

Table 1. Functional status of the body of carp fingerlings under the influence
of a technological factor a when rearing before stocking, (M*m, n=50)

Carp Cyprinus carpio

Silver carp Hypophthalmichthys hybrid

Parameters
Control group

Experimental group

Control group  Experimental group

Number of red

blood cells, T/1 2.25%0.031

2.36+0.092

2.29%0.039° 2.46%0.055

Animal Science and Food Technology. 2023. Vol. 14, No. 2
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Table 1. Continued

Carp Cyprinus carpio

Silver carp Hypophthalmichthys hybrid

Parameters

Control group  Experimental group Control group  Experimental group

Haemoglobin .
content, g/l 83.20£0.512 85.81+1.201 82.23+1.291 86.08+1.380

MCV, mkm? 142.38+2.308 161.97+3.355 140.65+1.953 158.50+3.279™
MCH, pg 37.07£0.414 36.64%1.481 35.91£0.675 35.15+1.030
MCHC, % 24.56£2.078 22.62%0.119 23.39£0.823 22.17%0.334
Glucose, mmol/1 17.89%0.625 18.10+1.425 14.92+1.218 15.03+0.716
Total protein, g/1 17.97£0.547 22.26%1.016™ 18.88£0.704 21.88+0.746°

Note: ® — technological factor - feeding of carp with feed mixture + improved rearing conditions; "0.05 (P <0.05);

“0.01 (P<0.01); " 0.01 (P<0.001)

Analysing the general picture of the lead-
ing parameters of homeostatic equilibrium in
the fish body, there is a complete correspond-
ence between the physiologically acceptable
actual values of blood parameters that were
studied for fish (Dehtiarov, 2001). However, the
course of metabolic processes under the con-
ditions of using the technological factor in the
experimental group was more active in relation
to the control parameters. This is actually evi-
denced by the higher indicators of the process-
es of haematopoiesis, synthesis, and accumu-
lation of body weight in young carp and silver
carp of the experimental group.

An increase in the content of red blood cells
and hemoglobin in the blood of carp and silver
carp confirms the activation of erythropoiesis
systems in their body with an improvement in
the respiratory surface of red blood cells. Each
of the parameters corrects a certain functional
system in the body, so the study of concentra-
tions, analysis of the difference between exper-
imental and control values provides an oppor-
tunity to more comprehensively consider the
influence of the factors under study and eval-
uate their effectiveness in introducing young
carp into the technological scheme of rearing.

As can be seen from the results presented
in Table 1, a high level of blood oxygenation

can be achieved due to a larger number of red
blood cells and an increase in the content of
haemoglobin in them, that is, its transport. It is
important to analyse and interpret the outlined
processes at the morphological level. Therefore,
the analysis of microcorpular blood parameters
is informative and provides an opportunity to
consider the parameters of haemoglobin con-
centration in cells, which will be discussed later
in the paper.

Based on the data in Table 1, the indicators
of the morphological and biochemical compo-
sition of blood are within the limits of physi-
ological norms. In the experimental groups,
there is an increase in red blood counts. Thus,
the total number of red blood cells in the fish
in the experimental group on silver carp signif-
icantly (p < 0.05) exceeded similar data in the
control group by 7.4%; the haemoglobin con-
tent — by 4.7%, respectively, the hematocrit was
also higher, the difference was 9.9%.

The study of morphological and functional
parameters of carp blood provided the follow-
ing results: the total number of red blood cells
in the blood of fish that received additional bio-
logically active components during feeding and
were reared under the conditions of additional
energy-saving elements in the technological
map was higher by 4.9% with a higher hae-

Animal Science and Food Technology. 2023. Vol. 14, No. 2
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moglobin concentration of 3.14% than in the
control group. The functionality of metabolic
processes also reflects the positive dynamics of
microcorpular parameters of blood: there is a
certain correlation with the content of red blood
cells, haematocrit, and one of the important
buffer systems — haemoglobin content. The ac-
tual value exceeded the parameters in the con-
trol samples of silver carp by 12.7% (p<0.001).
Morphological and functional parameters
according to the corpuscular index MCV in
the blood of carp in the experimental group
were 13.8% higher than in the control group.

The study of protein metabolism processes
in the body of experimental fish complements
the picture of the state of physiological and bi-
ochemical systems, in addition, it provides an
opportunity to analyse the course of synthetic
processes, the reserve of amino acids for pro-
tein synthesis in their body. Thus, in the ex-
perimental group, the total protein content
exceeded the value in relation to the control
group in the silver carp blood sample by 15.9%
(p < 0.05). The study of this parameter in the
carp group also showed higher values in the
experimental group by 23.9% (p < 0.01) in re-
lation to the control values. Analysis of blood
glucose concentrations in experimental and
control fish supplemented the study of meta-
bolic processes under the influence of abiotic
and biotic factors. Carbohydrate metabolism
provides the level of energy resources in the
body of hydrobionts, catabolic processes of car-
bohydrate metabolism. The concentration of
glucose depended on the level of activity of fish
against the background of the course of meta-
bolic processes. In the experimental group, this
parameter tended to have lower values relative
to the control. The parameters did not exceed
the maximum permissible physiological values,
however, attention should be paid to the ten-
dency to increase the concentration of glucose

Animal Science and Food Technology. 2023. Vol. 14, No. 2

in the blood of fish of the control group, which
can identify as one of the options, the occur-
rence of a stressful state.

The parameters of metabolic processes
in the body of carp and silver carp fingerlings
were studied using one of the leading enzymat-
ic complexes: alanine aminotransferase (ALT)
and aspartate aminotransferase (AST). Since
ALT and AST provide an opportunity to analyse
the level of metabolic processes, in particular,
protein, carbohydrate and lipid, the function-
ing of organs and systems in the fish body. The
results of a study of protein metabolism activ-
ity, liver function, and resistance of young fish
under the influence of a technological factor
demonstrated that there was no significant dif-
ference between the groups. However, the level
of AST according to the measurement results in
the experimental groups significantly differed
from the values in the control group (P < 0.05).
The activity of the studied enzymes is widely
used in the analysis of the functional status
of the body as a whole, as a physiological and
biochemical indicator of resistance to stress
factors of various origins, and therefore, the
adaptive capabilities of the fish body. The ac-
tivity of the enzyme complex according to one
of the marker parameters - liver catalase in the
experimental group was higher than in the con-
trol group, both when sampling Cyprinus carpio
and Hypophthalmichthys hybrid.

Notably, at the end of the growing period
of hydrobionts, one of the important qualita-
tive and quantitative parameters is the chem-
ical composition of biological products. The
analysis of the muscle part of carp and silver
carp from the control and experimental groups
is shown in Figure 2. One of the most impor-
tant links is the quality of products delivered to
the average consumer. In the context of scien-
tific research concepts, the parameters of the
functional status of the fish body ensure the




Honcharova et al.

37

development of resistance of the body to the in-
fluence of abiotic and biotic factors, the growth
and development parameters in ontogenesis,
weight gain, output, etc. The analysis of the
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biochemical composition of the muscle part of
the selected carp samples showed a higher pro-
tein content of 4.5% and fat content of 6.4% in
the experimental group.
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Figure 2. Analysis of the muscle part of Cyprinus carpio (a), Hypophthalmichthys hybrid (b) under
the conditions of experimental research before and after stocking against the background of the
introduction of the supplementary feeding of fingerlings (M*m, n=50)

Source: developed by the author based on own research

The selected silver carp muscle samples
also had higher actual values in the experi-
mental group than in the control group. The
difference was in protein content of 4.8% and
fat content of 7.8%. Comparative analysis of the
biochemical composition of the muscular part
of carp and silver carp before stocking and after
stocking by grown young fish showed a positive
effect of introducing technological elements of
supplementary feeding and improving aspects
of fish cultivation.

It can be noted about the stimulating ef-
fect on the processes of growth and develop-
ment of hydrobionts under the conditions of
supplementary feeding in the early stages of

ontogenesis. Improving the parameters of
the morphometric composition of blood also
contributes to an increase in the growth rate
of cyprinids. This stage of development is cru-
cial for hydrobionts, since the potential for
the future is being developed. In particular,
the qualitative and quantitative parameters
of products in aquaculture directly depend on
the conditions of growing and feeding hydro-
bionts, and not just on their genetic potential.

Summarising the results of the experimen-
tal study, it is advisable to focus on the stim-
ulating, corrective effect of the feed mixture
when feeding young carp at the early stages of
ontogenesis. The non-aggressive effect of each
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of the elements contributes to the gradual re-
structuring of metabolic processes in the carp
body, which has an important physiological and
biochemical significance. Under the conditions
of a mismatch of action and reaction to abiotic
and biotic factors, stress reactions can occur in
hydrobionts. It was the combination of all the
components in the feed mixture that provided
a positive effect. It is known that certain com-
ponents, when ingested by aquatic organisms,
also have a catalytic effect.

The available literature contains informa-
tion reflecting the effectiveness of using mi-
croalgae and protein components in feeding
the general diet. Such substances, when ingest-
ed, contribute to the restructuring of individu-
al-level reactions, protein, carbohydrate, and li-
pid metabolism (Kovalenko & Polishchuk, 2018;
Bekh et al., 2020; Hryhorenko et al., 2021). How-
ever, against the background of the use of alter-
native energy sources, a successful combination
of all the components for feeding carp presented
in this paper was investigated for the first time.

S. Nagappan et al. (2021), analysing the ef-
fect of microalgae on the rate of development
of hydrobionts, note that a high concentration
of microalgae in feed can contribute to the op-
posite effect — inhibition of fish growth rate.
However, the researchers practised including
Arthospira biomass in fish meal. But the meth-
od proposed by the authors of this study pro-
vides for a separate use of the manufactured
feed mixture in the general economic diet. This
creates the possibility of symbiosis of the pro-
posed biologically active substances with the
effect of synergy, and not vice versa. In addi-
tion, there are judgments of some researchers,
supported by experimental studies, where the
effect of transformation of enzymatic activity
in fish was obtained under conditions of pro-
longed and uneven use of microalgae for feed-
ing as an additive (Dallaire et al., 2007). At the
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same time, emphasis is placed on the method of
microalgae cultivation, a certain type and ratio
of the proportion of components of natural feed
when feeding hydrobionts. The proposed meth-
od and ingredients of the feed mixture in this
sex do not affect the leading indicators, in par-
ticular morphological and functional param-
eters of blood and enzymatic activity in carp,
which is confirmed by the results obtained. In
the context of a comprehensive study of the ef-
fectiveness of using natural feed to increase the
resistance of fish organism, metabolic process-
es, enzymatic activity, and immunomodulatory
effect, it is possible to note the positive effect
of such components on metabolic processes in
fish. The Spirulina platensis and Isochrysis gal-
bana biomass function as prebiotics: when they
enter the body, they contribute to the develop-
ment of beneficial bacteria (Dineshbabu et al.,
2019). In numerous studies, it is mainly repre-
sented by monocomponent mixtures. Under the
conditions of the proposed method of increas-
ing the functional activity of the fish body, sev-
eral elements occur, in particular, biologically
active substances of humic nature, microalgae
S. Platensis. Thus, there is a complex effect of
such composites. Accordingly, the effect has
a wider range, covering neuro-humoral locus
processes in the fish body.

The information presented in the reviews
and research papers mentions low fermen-
tation and assimilation of microalgae such
as Chlorella sp., Nannochloropsis sp., which is
explained by the presence of non-starchy sub-
stances, rather rigid cell walls (Skrede et al.,
1998). Regarding S. Platensis, it can be noted
that it is included in the feed mixture in com-
bination with biologically active substances
of humic nature. In turn, humic substances
have a number of properties that support oth-
er components, after entering the body, indi-
vidual processes are restructured, activated,
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and corrected. Therefore, the additive proposed
in this paper to increase the viability of young
hydrobionts has a number of advantages among
already known composites.

The experimental results indicate that mi-
croalgae in the composition of supplements,
due to their high protein content, can be an
alternative to fish meal or a supplement to ad-
just the nutritional qualities of ingredients in
the general fish diet (Abdulrahman et al., 2018).
There are positive results on the example of
microalgae Chlorella regarding a significant in-
crease in the parameters of development in carp
ontogenesis. Q. Zhang et al. (2014) used 0.8%
chlorella, which increased the fish body weight
in the experimental group from 29.90 £ 0.08 to
63.75+1.96 g with WG 33.85%1.96 g, which was
higher than in the control group (P <0.05). At
the same time, previous studies have shown
that Chlorella can participate in the regulation
of adaptive and innate immunity, and increase
the level of immunoglobulins and enzymatic
activity in the carp body (Zhang et al., 2014).
Undoubtedly, each element of microalgae has
typical characteristics, and is active and effec-
tive under certain conditions of cultivation,
processing, and introduction to the general
economic diet. However, the results of experi-
mental studies present an unambiguously pos-
itive effect on the functional status of the body
of hydrobionts, in particular, physiological and
biochemical parameters, indicators of the rate
of development, and the yield of hydrobionts.

The results of such experiments on the
correction of feeding conditions are often
ambiguously interpreted, since the “mixing”
effect of other components and additives to
the diet occurs precisely in conditions of het-
erogeneity of the use of similar components by
other researchers. Therefore, considering this
effect, it is advisable to annotate the results of
the use of humic substances and spirulina with

positive dynamics in the context of optimising
the conditions for supplementary feeding and
growth of aquaculture objects.

Conclusions

Summing up the whole complex of results ob-
tained, it can be noted that the body of hyd-
robionts is a complete functional system that
shows a certain reaction to each factor. The
parameters of the development rate of fish
are adjusted with the main physiological and
biochemical processes in their body. Neurohu-
moral regulation of all vital functions reacts
reactively to the intake of biologically active
substances of various origins. The results ob-
tained demonstrate positive indicators of im-
provement in fish resistance to abiotic and bi-
otic factors. Annual stocking programmes will
be effective if viable carp juveniles are used
in polyculture. Based on generally accepted
classical methods of growing hydrobionts, it
is possible to improve individual links of the
technological process. The introduction of
such elements of the feed factor and the ele-
ment of technological operation of basin mod-
els in the context of the filtration system and
an additional element of alternative energy
sources contribute to the achievement of the
goals set. Young fish have a higher resistance
to the negative effects of abiotic and biotic
factors. In particular, the erythrocyte blood
picture reflects the course of positive func-
tional processes in the body of fish of the ex-
perimental group. As a result, the effective use
of the potential capabilities of the body of ex-
perimental carp youth and the best respiratory
function was noted, which positively affects
the development processes, body weight ac-
cumulation, and resistance to various factors.
The development potential positively corrects
the physiological and biological status, growth
rate, and output.
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Improvement of metabolic processes and
increase in the parameters of carp develop-
ment occurred as a result of transformations
and morpho-metric parameters of fish blood. In
particular, the total number of red blood cells
in the group where the technological factor un-
der study and its direct impact on the function-
al status of the organism exceeded the actual
values of the control parameters. In turn, this
was reflected in the corpuscular parameters of
the blood, the concentration of haemoglobin.
Consequently, synthetic processes in the body
of fish of the experimental group were more
active and effective in relation to carp from
the control group. Since the functional system

of metabolic processes, increasing the synthe-
sis of complex and simple compounds in the
body of hydrobionts, stabilisation, increased
resistance and development occurred in fish in
the experimental group.

Based on the results of the positive impact
of the studied factor on improving the viabil-
ity of young fish, the authors note the line of
future research that will provide a deeper un-
derstanding of the effectiveness. Consequently,
histological studies of biological material from
the control and experimental groups will com-
plement the understanding of the mechanism
of action of the feed mixture under study.
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AHoTauisg. AKTYaJIbHICTb JOCTIIPKeHHS 3yMOBJ/IeHa BM3HAUaIbHOIO POJIIIO €TaIly PAHHBOT'O PO3BUTKY
B OHTOTeHe3i MoJiofii pu6 nmpu popMyBaHHi ITOTEHIIiaTy iX HIBUIKOCTI pocTy. Dizionoro-6ioxiMiuHmii
CTaTyC OpraHi3My BM3HAYA€ afamTalliliHi MOXKIMBOCTI TifpOOiOHTIB, TOMY OIHMM i3 BEKTODiB
TIOJTIMIIIeHHSI TapaMeTpPiB pO3BUTKY 6y/10 06paHO BUKOPUCTAHHS 6i0JI0TiYHO aKTUBHUX PEUOBMH MTPU
MigpoieHHi. MeToo TocTimKeHHS 6y/10 BU3HAUEHHS e(DeKTUBHOCTI BIIPOBAIKEHHST TEXHOIOTTUHMUX
efleMeHTiB (MiAromiByi, MiAPOIIEHHS) Ha PaHHIX CTaisIX OHTOreHe3y Mojofi pub. JOCTimKeHHs
I'PYHTYBAJIOCh HA TEOPETUYHMX (aHAJi3, CMHTE3, TOPiBHSIHHS, MOJIe/TIOBAHHS) eKCIIepUMeHTaTbHUX,
71a60paTOPHMUX METOHAX, MIPUMHATUX Yy PUOGOTOCTIOAAPCHKUX, (DisMKO-XiMIUYHUX AOCTiAKeHHSIX. B
XOAi JOCTiIsKeHHS MPOBOAMBCS KITiHIUHMI OIS, pyb, KOHTPOJIb TEMITIB POCTY, MACOHAKOTIMYEHHS,
piBHS BUsKMBaHHS, (izionoriuHoro crany. Pe3ynbTaTyi 1eMOHCTPYIOTD MigBUIIEHHS SKUTTE3HATHOCTI
Monmoni pub, aKTMBAIiID MeTabOoNMiUYHMX TIPOLIECiB, TOJMIMIIeHHS MOpP}O-GYHKIIIOHATBHUX
rapaMeTpiB KpoBi. CepemHsl Maca I[bOTOJIITOK MepeBUINyBala MapaMeTpy B KOHTPOJbHIN rpyri
10 KOpOITy Ha 3,5 % Ta IO TOBCTOJIOOMKY Ha 3,8 %. 3arajibHa KiJIbKiCTb epUTPOIIUTIB JOCTiIHOL
TPYIIN 110 TOBCTO/O6MKY OyJia Buille 3a KOHTPOsb Ha 7,4 % (p < 0,05), BMicT reMomio6iHy — Ha 4,7 %,
reMaToKpuUT — 9,9 %. 3arajibHa KiJIbKiCTb epPUTPOIIMTIB B KPOBi KOpOIIa AOCTiTHOI IpyIiy Gy/1a BUIIE Ha
4,9 %, BMicT reMom1o6iHy — Ha 3,1 %, Hixk B KOHTPOJTi. B ekcriepyMeHTaIbHili IpyIIi, BMiCT 3araJbHOTO
6i7IKy IepeBMUIIyBaB 3HAUEHHS 110 BiJHOIIEHHIO 10 KOHTPOIBHOI IPYIIN MO TOBCTOMOOUKY Ha 15,9 %
(p <0.05), mo kopomy - Ha 23,9 % (p <0.01). ®epMeHTaTUBHA aKTUBHICTh B JOCTiIHIi Tpymi 6yia
BUILIOIO I[OJI0 KOHTPOJIO. 3alpOIIOHOBAHMIA CIOci6 miAromiBii crpusie 36iNbIIEHHIO HMIBUIKOCTI
pocty pub. IIpakTHUHA I[iHHICTb MOCTIIKEHHS TIOJISTAE y CIPUSHHI TOMIMIIEHHIO SKiCHUX Ta
KiTbKICHMX TapaMeTpiB, 30KpeMa, 6iOXiMiUHOrO CKIamy M’S30BOI YACTMHM IO KOPOMY Ta IO
TOBCTOJIOOMKY y Mp06ax B eKCIIEPMMEHTAIbHIN TPyIli B MOPiBHSIHHI 3 KOHTPOJIbHMMY 3HAYEHHSIMU

KirouoBi citoBa: GyHKITIOHAIbHMIA CTATYC; TiAPOOIOHTH ; TEXHOIOTIUHi €7IeMEHTH ; PE3UCTEHTHICTh;
MiAPOLIeHHS

Animal Science and Food Technology. 2023. Vol. 14, No. 2




	_GoBack
	_Hlk136336536

