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EVALUATION OF THE EFFECTIVENESS OF INTRODUCTION
OF ELEMENTS OF INNOVATIVE TECHNOLOGIES
AT STOCKING OF THE TRANSFORMED RESERVOIRS
BY VIABLE JUVENILE FISH ON PHYSIOLOGICAL
AND ECOLOGICAL INDICATORS

Honcharova O. V., Korzhov Ye. I., Kutishchev P. S.

INTRODUCTION

The program of fisheries development provides for the rational use of
inland waters, replenishment of ichthyofauna, which necessitates full-
scale stocking of viable juvenile fish. Abiotic factors in aquatic
ecosystems for ichthyofauna are one of the determining factors under the
influence of which the efficiency of stocking is formed23,

Intensification measures provide for an effective combination of
parameters of aquatic organisms and the environment, taking into account
the mechanisms of adaptive-compensatory processes. Given the scale of
one of the main issues for fisheries — improving the quality of fish stocking
material for stocking, it remains important to find and optimize
technologies for raising young fish*®.
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Depending on the level of adaptive-compensatory mechanisms in the
body of aquatic organisms is the formation of their potential for
developmental activity, resistance to abiotic and biotic factors. During the
ontogenesis of aquatic organisms at each stage homeostatic parameters to
some extent identify and adjust the intensity of mass accumulation, the
balance of morpho-functional indicators of fish, in the aggregate of which,
during commercial cultivation formed qualitative characteristics of fish
products to customers®.

Certainly, the aquatic environment for aquatic organisms is an
ecosystem with a range of parameters of different origin and nature, which
affects the qualitative and quantitative indicators of cultivated objects. In
the context of the global impact of "technological modernization", which
is not always able to adapt the "physiological capabilities” of aquatic
organisms to the technological aspects of the cultivation process,
innovation and technological aspects can become one of the cases.

In the context of development of intensification, integrated, innovative
technologies it is necessary to note the role of technological aspects and
their selection to production units taking into account biological and
economic characteristics of cultivation objects. Under the influence of
rapid transformations of climatic parameters to the forefront are large-
scale scientific and experimental studies to improve certain aspects of the
technological map (from hydrobiological monitoring of stocking objects
to feeding, rearing fish stock) before stocking to water areas.

Implementation of the maximum harmonization of the hydrochemical
regime of water areas with ecological and physiological characteristics of
fish stocking material used for stocking (while maintaining the quality
characteristics of finished products (commodity)) necessitates
optimization of technology for rearing young fish before stocking.

1. The problem’s prerequisites emergence
and the problem’s formulation
There is information demonstrating the positive impact of optimization
of cultivation technology and the efficiency of breeding aquatic organisms
using the feed factor, where the emphasis is on the catalytic function of

6Tonuaposa O. B., Sekiou O., Kyrimes II. C. ®izionoro-6ioximiuni acnexktu
aJlanTalifHO-KOMICHCATOPHUX IPOLECIB OpraHi3My TifpoOiOHTIB TiJ BIUIMBOM
TEXHOJIOTIYHUX UYHHHUKIB. Puboecocnodapceka nayxka Yxpainu. Ne 4(58). 2021.
C. 101-114.
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the components of the general diet of fish and supplements’. Scientific
works are presented, which reflect the results of the use of intellectual
cases as part of the technological map of fish farming and breeding with
the possibility of remote adjustment, control of aquatic parameters and
aquatic environment &, Interestingly, based on such data, a "model object"”
is formed, a design image in the prototype of a "digital fish" with artificial
intelligence. This "digital fish model” then sends a message to the
monitoring system, and the manager (farmer) receives a summary report
with all parameters and predicted values (subject to the introduction of a
feed factor or fluctuations in hydrochemical parameters).

The advantage of this method is that the time spent on monitoring,
decision-making and response will be much faster than possible for a
person who would carry out control, accounting and monitoring, which
becomes practical in all respects of profitable operation of such an
enterprise. The model of technological process optimization proposed in
the work acquires relevance, although it provides a number of technical
shortcomings and some adaptation to the conditions of its implementation.
Other scientific articles contain information on the relevance and urgent
need for the use of rearing and additional feeding at certain stages of fish
development. Excess or lack of certain mineral elements leads to a
decrease in the resistance of fish and metabolic disorders in their body and,
as a consequence, to a decrease in fish productivity and increase feed
costs®!%. When ensuring the development of the natural base of water
bodies in the body of aquatic organisms, optimal metabolism occurs. If
there is a lack of elements, they should be compensated by the introduction
of feed, supplements, biological stimulants, immunomodulators,
hepatoprotectors, etc.

Most of the research centers in the European space are focused on the
development of technologies for the use of natural feed, microalgae in

"Xenros 0. O., Onekcienko O. O., I'pex B. I. PekoMenanii i3 3acTocyBaHHs
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aquaculture, excluding the use of antibiotics and aggressive catalysts, etc.
Among them are French, German and our Ukrainian researchers!t121314,
Such scientific research and experiments contribute to the emergence of
improved diets for feeding aquatic organisms. Taking into account the
properties of biologically active substances of the ingredients consumed
by the object of cultivation, there is an activation of metabolic processes,
improvement of all parameters that determine the quality of cultivation®®,

The results of experiments on the use of enzymatic, synthetic
preparations for feeding fish in ontogenesis show positive developmental
parameters. However, such drugs are usually metabolized at different
levels, which is reflected in the qualitative characteristics of the finished
product. Probiotics, hormonal drugs also activate the effect on the rate of
accumulation of body weight of fish, however, the scheme of their use is
usually practiced as a separate technological system, and natural sources
of such additives do not determine environmental safety 161,

One of the cases is to increase the viability of young fish during
stocking in the literature are the experimental work of the authors on the
use of different ages, weights, and the strength of planting fish planting
material in the water area. At the same time, a number of advantages noted
certain disadvantages of different nature in this technological plan of
cultivation and rearing in the interaction with abiotic and biotic
parameters.
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2. The analysis of existing methods for solving the problem

and formulating a task for the optimal technique development

If the aquatic environment maintains the optimal balance between all
parts of the hydrobiocenosis, does not disrupt the biochemical processes
that occur with the participation of aquatic organisms, both in the water
column and in the bottom layers that promote water purification, it can be
argued representatives of ichthyofauna. Therefore, the current scientific
and practical research is the development of programs to improve the
ecosystem of the Dnieper-Bug estuary, its hydrological and
hydrochemical regimes, adaptation of freshwater ichthyofauna through
stocking programs for viable young®8°,

The Dnieper-Bug estuary is located from the Kakhovka dam and the
mouth of the Southern Bug to the Kinburn Strait, which connects the
Dnieper-Bug estuary with the Black Sea?>??2, Recent studies of abiotic
parameters of the Dnieper-Bug estuary region prove that the
transformation of river runoff along with significant anthropogenic load,
led to deterioration of hydrological and hydrochemical regime of waters,
negatively affected not only the conditions of ichthyofauna, but also the

18 Kopsxos €. 1. HaykoBO-TIpaKTHYHiI peKOMEH/AIlil MO0 TOKPAIIEHHS CTaHy
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conditions of existence which is the basis of the natural base of water for
ichthyofauna®242%,

Problem statement: to determine the quality of the aquatic environment
and to assess the ecological status of water masses of the mouth of the
Dnieper in the place of stocking by hydrochemical parameters. To study
the influence of elements of innovative technology on the functional state
of the organism of fish planting material of the hybrid
Hypophthalmichthys molitrix/Hypophthalmichthys nobilis and Cyprinus
Carpio during rearing.

3. Materials and methods of research and experimental part:

to analyze the ecological and physiological parameters of fish planting
material during rearing in order to stock the Dnieper-Bug estuary. Develop
and carry out a comparative analysis of the effectiveness of the
Hypophthalmichthys molitrix/Hypophthalmichthys nobilis and Cyprinus
Carpio hybrid rearing system in the context of a single system (cultivation,
feeding, cultivation of components for fish feeding). Sampling of
hydrochemical samples was carried out in autumn 2021 in the channel
network of the mouth of the Dnieper near the recreation center "Frigate"
(Konka River) in Hola Prystan — a typical stocking area of the
research region?%%’.

23 Kopyos €. 1. AHTpororeHH1ii BIUTMB Ha eKocHCTeMY MoHuM33s1 JIHINpa Ta MOXJTHBI
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Chemical analysis of water samples was performed according to
standard methods in hydrochemistry and hydrobiology in the certified
hydrochemical laboratory of Kherson State Agrarian Economic
University, Department of Aquatic Bioresources and Aquaculture and in
the expedition by express method of oxygen concentration, free hydrogen
ions, temperature?8.29:3031,

Juveniles Hypophthalmichthys molitrix/Hypophthalmichthys nobilis
and Cyprinus Carpio were formed into two experimental and one control
groups according to experimental recommendations®>®, Fish farming
conditions: recirculation systems with mechanical and biofiltration. For
two weeks, the biomass was cultured (biomass was added) to form a feed
mixture using a special medium for each of the Chlorella (Chlorophyta)
and Arthrospira (A. Platensis) cultures. The formation of the final
product — feed mixture was carried out in the following ratio: Chlorophyta
(30%) and Arthrospira (40%), nanoparticles of iron oxide (10%),
selenium (20%). The culture was filtered, formed into a mass, processed
if necessary, the part was frozen, the rest was dried and packed in separate
portions for further use.

Experimental group 1 received twice a day in the form of a powder,
which when entering the aqueous medium dissolved. Experimental group
2 received an identical ingredient, but pre-treated by spraying a solution
with iron oxide nanoparticles and adding selenium. The control group met
the standard conditions without additional feeding, only the general ration
(GR). There were 100 juveniles of hybrids Hypophthalmichthys
molitrix/Hypophthalmichthys nobilis and Cyprinus Carpio in each

28 Pomanenxo B. [I., ykuncekuii B. M., Okcitok O. I1. MeToauka eKoaoriasoi
OIIIHKU SKOCTI TIOBEPXHEBUX BOJX 3a BimmoBimHumu Karteropismu. K. : Cumon-T,
1998. 28 c.

2 Korzhov Ye. I, Kucheriava A. M. Peculiarities of External Water Exchange
Impact on Hydrochemical Regime of the Floodland Water Bodies of the Lower
Dnieper Section. Hydrobiological Journal. Begell House (United States). Vol. 54,
Issue 6, 2018. P. 104-113

30 Meromu TigpoeKOJOriYHMX NOCHIKEHb IOBEPXHEBMX BOx/3a  perl.
B. . Pomanenka. K. : JIOI'OC, 2006. 408 c.

31 Kopskos €. 1., Kyuepsisa A. M. OcoGMHBOCTI BIUTHBY 30BHIIIHEOTO BOJOOOMIHY
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1969. 256 c.
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experimental group. Tanks with a volume of 200 cubic meters of
recirculation system were equipped with an aeration unit, automatic
heating if necessary, a block of different levels of filtration. One of the
active components of the feed mixture are nanoparticles (nanotechnology
provides a set of methods and techniques that ensure the ability to create
and modify objects in a controlled way, including components smaller
than 100 nm., Which have fundamentally new qualities and allow their
integration into macro-scale systems)34.

The substances were dissolved in the prepared medium using distilled
water and a diffuser. The algorithm of scientific and practical research is
presented in the following figure. 1.

Analysis of the state of the aquatic environment by hydrochemical
parameters at the place of release before stocking

!

Study of the influence of technological factors (growth befm't;\
stocking) on the functional state of the body of young hybrids
Hypophthalmichthys molitrix / Hypophthalmichthys nebilis and
Cyprinus Carpio on physiological and biochemical parameters of
aquatic organisms

j

1!

Study of the influence of technological factor (before stocking) on
the morphometric parameters of the hybrid Hypophthalmichthys
molitrix / Hypophthalmichthvs nobilis and Cyprinus Carpio

.

I

Comparative analysis of the influence of technological factors on the

biochemical composition of the muscular part of the hybrid

Hypophthalmichthvs molitrix / Hypophthalmichthys nobilis and
\C‘}pn’nm Carpio

Fig. 1. Algorithm of research work during the experimental part

34 Kutishchev P., Honcharova O., Korzhov Y. Technological aspects of the introduction
of nanotechnology in aquaculture for stocking of reservoirs Scientific Collection
«InterConf», (56): 2 International Scientific and Practical Conference «Science, Education,
Innovation: Topical Issues and Modern Aspectsy (May 11-12). Tallinn, Estonia : Uhingu
Teadus juhatus, Biology and biotechnology. 2021. p. 209-212
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Fish from the experimental groups were selected for systematic
weighing, blood sampling, biological material for further biochemical,
morpho-functional studies in in-chamber conditions. Blood from the heart
and tail vein was obtained using a Pasteur needle and a heparinized
syringe, and the sampling methods met the general requirements. The
number of erythrocytes (T/I) was calculated by the conventional method
using the Goryaev chamber, the hemoglobin content (g/l) by the
hemoglobin cyanide method using acetone cyanhydrin, microcorpuscular
blood parameters: erythrocyte indices (mean hemoglobin content in
erythrocytes (MCH), mean hemoglobin concentration in erythrocytes
(MCHC), mean erythrocyte volume (MCV) by calculation method.

Also in the research, a Micromed MDC-500-5MP eyepiece camera and
ThermoMix equipment were used in the research.

The scientific and practical part of the research was performed on the
basis of research laboratories (Kherson State Agrarian-Economic
University): “Aquaculture Perspectives” Scientific Research Laboratory,
“Scientific Research Laboratory of Physiological and Biochemical
Research named in honor of S. Pentelyuk”, Scientific Research
Laboratory on ecological and chemical analysis and water monitoring and
in the laboratory of the “Kherson Production and Experimental Plant for
Breeding of the Ordinary Fish.

All manipulations of the object of scientific research were carried out
in accordance with the rules of the "European Convention for the
Protection of Vertebrate Animals Used for Experimental and Other
Scientific Purposes” (Strasbourg, 1986).

4. Research results

The interaction of aquatic organisms with the environment occurs as a
result of the corresponding response to the influence of abiotic and biotic
factors. In this case, the organism in fish is the only coordinated functional
system with consistent physiological and biochemical processes and
reactions in response to the influence of factors of different nature.
However, the integrated parameters of the aquatic environment are
unimportant in assessing effective stocking programs.

Under the conditions of high-quality fish stocking material, its high
resistance to the influence of negative environmental factors, the fish
organism must interact with the hydrochemical parameters of the
environmental ecosystem. In this case, the aquatic ecosystem provides a high
adaptability of the fish, which after stocking must adapt to each of the factors
that have different threshold effects on the overall functional system.

Therefore, the analysis of hydrochemical parameters in the planned place
for stocking is one of the important prerequisites for achieving high results.
The results of the analysis of hydrochemical samples of natural waters taken
at the site of the planned release of the stock are presented in table 1.
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Table 1
Hydrochemical parameters of water masses at the site
of planned stocking

Unit of Ecologically —
Parameters Actual values | optimal values of
measurement the parameter”
Water temperature °C Q’%& 17,0-20,0
Dissolved oxygen mgO2/dm? Q’%’g 7,1-7,5
Hydrogen ions, pH units L%é 7,6-7,9
Biochemical consumption 3 29-39
of oxygen (BCOs) mgO/dm 3,1 1,0-16
Permanganate oxidation mgO2/dm? &%’g 3,0-5,0
Total mineralization mg/dm3 4504%5459 ! < 400
Ammonium nitrogen, 3 0,3-0,7
NH"s, mg N/dm 05 0,1-0,2
Nitrites, NO"2 mg Nidm? | 0:002-0.014 0,002-0,005
Nitrates, NO"3 mg N/dm? 03-10 0,20-0,30
Phosphorus phosphates mg P/dm3 0 0%9620083 0,015-0,030

Note: * — the values of the parameters were determined for natural waters on the
basis of works and typical climatic parameters of the aquatic environment in the
autumn in the study region taking into account its natural features3%36.37.38:39.40,

% Oxcurok O. I, Tumuenxko B. M, TMomumyx B. C. u ap. 3aKoHOMEpHOCTH
MIPOAYKLUOHHO-ECTPYKLINOHHBIX MPOLIECCOB B MOWMEHHBIX BOJOEMAX YCTHEBOTO y4acTKa
[LHenepa [IPU pa3HOM BOAHOM pexxume. [ uopobuon. scypu. 1998. 34, Ne 3. C. 17-29

% Okcutox O. I, Kykunckuit B. H., Bparunckuit JI. T1., Junnux I1. H. u ap.
KommnekcHas skoioruyeckas KJ'IaCCI/I(l)I/IKaLII/IH KadyeCTBa MOBEPXHOCHBIX BOJ CYIIH.
Tuopobuon. scypn. 1993. 29, Ne 4. C. 62-76.

7 HaykoBO-TIpaKTHYHi pPEKOMEHIAIii IWIOJ0 TOKPANIEHHS €EKOJOTIYHOTO CTaHy
cnabonpoToyHux BojgoiM noHussst Juinpa / C. B. Oseuko, €. 1. Kopxos, B. JI. T'ineman.
Xepcon, 2015. 28 c.

38 Korzhov Ye. |, Kutishchev P. S., Honcharova O. V. Influence of water balance
elements change on the salinity regime of the Dnieper-Bug estuary. Innovative development
of science and education. Abstracts of the 3rd International scientific and practical
conference. ISGT Publishing House. Athens, Greece, 2020. P. 225-231

39 Kopxos €. 1. HaykoBo-NpaKTHYHI peKOMeHAAIlii 010 MOKPAIEHHS CTaHy BOJHHUX
€KOCHCTEM TUpJIOBOI JUISIHKY JIHINpa MIIIXOM PEryJItoBaHHS iX 30BHIIIHBOIO BOJOOOMIHY.
Xepcown, 2018. 52 c.

40 Timchenko V. M. Korzhov Y. 1., Guliayeva O. A. Dynamics of Environmentally
Significant Elements of Hydrological Regime of the Lower Dnieper. Hydrobiological
Journal. Vol. 51, Issue 6, 2015. P. 75-83.
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Hydrochemical parameters of water masses in the place of planned
release of stock were characteristic of the autumn season and had their
own regional features. Due to the preservation of sufficiently warm water
temperatures and the continuation of vegetation processes in the water
masses of the mouth of the Dnieper, they were more important nitrogen-
containing and organic substances and phosphates. Other indicators were
within the norm*42,

The results of the analysis of natural water samples by hydrochemical
parameters indicated that the conditions for the release of young fish,
although it has a number of deviations, however, are quite acceptable to
maintain the viability of aquatic organisms. Due to the short life cycle of
phyto- and zooplankton organisms and their mass development and
extinction, there is an accumulation of their products, which increases
oxidation, which, in turn, leads to a shift in the hydrogen index of water
(pH) in the alkaline direction.

Therefore, the obtained parameters of the hydrochemical regime
correspond to the permissible normative values for reservoirs for fishery
use. Due to this, the trophic structure of the reservoir is formed, which is
favorable for the renewal of ichthyofauna by stocking with grown fish*,
Comparative analysis of recirculation systems by hydrochemical
parameters showed generally favorable optimal for carp farming under
such conditions. The results of the analysis are presented in the following
table 2.

The parameters of hydrochemical evaluation in all reservoirs of the
experimental groups and the control group to a greater extent
corresponded to the optimal indicators for growing young fish in
recirculation systems. The results of feeding the larvae of the hybrid
Hypophthalmichthys molitrix/Hypophthalmichthys nobilis feed mixture
are presented in table 3, where you can analyze the trend of changes in the

4 Kyrimes I1. C., Kopxos €. 1., Fonuaposa O. B., Kosnos JI. B. Exonoriuna ouinka
sskocTi  Boau  JIHIMpoBChKO-By3bKOi  e€CTyapHOi eKOCHCTEMH 3a  TiAPOXiMIYHUMHU
nokasHukamu. TaBpificbkuii HaykoBuil BicHHK. Cepisi : CLIBCHKOrOCIIOapChKI HAYKH.
XJAEYVY. Xepcon : BunaBanunii aim «I'enpBerrkay, 2021. Bun. 120. C. 323-335.

2 Kopsxos €. L., Tonuaposa O. B. ®opMyBaHHs peskUMy COJIOHOCTI Boal JIHIPOBCHKO-
By3bkoi rupnoBoi obnacTi mif BIUIMBOM KJIIMAaTHYHUX 3MiH y CydacHuil mepioa. Actual
problems of natural sciences: modern scientific discussions: Collective monograph. Riga :
Izdevnieciba «Baltija Publishing», 2020. P. 315-330

4 Bimuk I'. B., Kopxos €. 1. OTsz 0CHOBHUX aCTIEKTiB BINTUBY KIIMATHIHUX 3MiH HA
cy4yacHui ctaH ixtiodaynu J[HinpoBcbko-By3bkoi rupioBoi obnacti. Haykoei uumanmsi,
npucesueni [[nio nayku. Exonoeiuni oocnioxcenns [{ninposcoko-bysvkoeo peciony. Bum. 12.
36ipHHK HayKoBHUX Hpars. XepcoH, 2019. C. 3—10.
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functional state of the organism. The erythrocyte picture of circulating
blood to some extent reflects the morpho-functional parameters of carp,
which in turn correlates with body weight and growth.

Table 2
Hydrochemical parameters of RAS reservoirs of young growth of
hybrids Hypophthalmichthys molitrix/Hypophthalmichthys nobilis
and Cyprinus Carpio in different experimental groups

. Actual values, group
Parameters Unit of control experimental | experimental
measurement pen Xperi
group group 1 group 2
o 23,1-232 23,1-232 23,1-23,2
Water temperature C 2315 2315 2315
. 3941 3941 3941
3 94, 94,
Dissolved oxygen MgO2/dm 40 40 40
. . 71-73 74-76 73-75
Hydrogen ions, pH units 72 75 74
Permanganate 0,/dm? 13,3-13,5 13,3-13,5 13,3-13,5
oxidation Mgh2 134 134 13,4
Ammonium ma N/dm? 0,12-0,15 0,12-0,15 0,12-0,15
nitrogen, NH"s, g 0,135 0,135 0,135
. 0,02-0,06 0,02-0,06 0,02-0,06
- 3 ) 1 1 1 ) 1
Nitrites, NO~ mg N/dm 0.04 0,04 0,04
. 0,15-0,18 0,15-0,18 0,15-0,18
- 3 1 1 1 1 1 1
Nitrates, NO3 mg N/dm 0.165 0,165 0,165
Phosphorus ma P/dm? 0,019-0,023 | 0,019-0,023 | 0,019-0,023
phosphates 9 0,021 0,021 0,021
Table 3

Comparative analysis of the functional state of the organism of the
hybrid Hypophthalmichthys molitrix/Hypophthalmichthys nobilis
under the influence of technological factors, n = 30

Parameters | Control group | Experimental group 1 | Experimental group 2
Erythrocytes, T/l | 2,17+0,128 2,367+0,156 2,717+0,223
Hemoglobin, g/l | 82,83+1,447 87,84+2,599 91,833+0,946™"
Total protein, g/l | 26,33+1,054 28,267+0,636" 31,183+0,722™

Glucose , mg/l | 110,50+2,172 119,433+0,855" 124,833+1,621™
MCH, pg 38,89+0,678 38,149+3.257 35,076+3,145
MCHC, % 27,049+0,678 27,058+0,852 27,176+0,536

MCV, mkm3 143,95+8,638 140,450+9,765 128,547+10,180

Note: Correlationis Significant at the 0.05 level (P<0.05); 0.01 level (P<0.01);
0.001 level (P<0.001) relative to the control parameters

121




Thus, the greater the mass, the greater the total number of erythrocytes
and the higher the oxidative properties of fish blood. It can be assumed
that the proposed method of intensification measures with innovative
elements of rearing contributes to the activation of these parameters in the
body of experimental fish.

Hemoglobin is one of the main protein parts of carp blood, in the
experimental groups there was a more active course of oxidation processes
in fish, respectively, and better oxygen capacity of the blood. Hematocrit
indicates the general state of homeostasis of carp, in particular the
functional stability of the red bone marrow. It is established that in all
groups this parameter varies, but does not exceed the limit values.

Based on the actual values, we can conclude that the activation of
metabolic processes in fish in accordance with higher values of
physiological and biochemical parameters, high levels of mass
accumulation, morphometric parameters of fish in experimental groups in
relation to the control. Based on the results obtained, it is possible to draw
a conclusion about the higher adaptive-compensatory mechanisms in fish
in the research groups in relation to the control. Instead, most of the
parameters of experimental group 2, given the assessment of physiological
balance, the activity of catabolic processes exceeded the actual values of
experimental group 1.

Such functional transformations in the organism of the hybrid
Hypophthalmichthys molitrix/Hypophthalmichthys nobilis under the
conditions of using elements of growth in experimental group 2 cause
some stabilization of neurohumoral regulation, increase of resistance of
their organism to influence of abiotic and abiotic environmental factors.

Comparative analysis of homeostatic balance by morpho-functional
and biochemical parameters of the blood of young Cyprinus Carpio during
rearing showed positive results in the development of fish given the
physiological state (table 4).

The functioning of the body of fish on physiological and biochemical
parameters corrects the course of their development in ontogenesis,
reproductive capacity, rate of mass accumulation. In the experimental
groups, such specific physiological and biochemical mechanisms of the
regulatory system occur at a more active and catabolic level than in the
control group. As a result of the study of blood buffer systems on one of
the main parameters — indicators, it was found that one of the largest —
hemoglobin system in hemoglobin concentration in erythrocytes,
erythrocyte saturation level, average hemoglobin content in erythrocytes
was better in samples from experimental groups.
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Table 4

Comparative analysis of the functional state in the body
of the Cyprinus Carpio under the influence

of technological factors, n = 30

Parameters | Control group | Experimental group 1 | Experimental group 2
Erythrocytes, T/1| 2,05+0,118 2,483+0,154 2,850+0,134™
Hemoglobin, g/l | 83,02+0,696 87,833+0,937 91,417+2,093™
Total protein, g/l | 25,82+0,561 30,933+1,025 31,101+0,587"

Glucose, mg/I 110,50+5,743 119,350+4,618 125,733+2,060"
MCH, pg 41,12+2.200 35,989+2,032 32,324+1,152™
MCHC, % 26,20+0,836 26,705+0,739" 29,137+0,694"
MCV, mkm® | 158,86+13,125 134,854+6,889™ 111,056+3,604"

Note: Correlationis Significant at the 0.05 level (P<0.05); 0.01 level (P<0.01);
0.001 level (P<0.001) relative to the control parameters

Which in turn demonstrates the positive dynamics of erythropoiesis,
stabilization of homeostatic balance in the body of carp, which
additionally received when feeding the feed mixture.

Regarding the morpho-functional parameters in the body of carp,
which was raised in experimental group 2, there is a positive dynamics of
catabolic processes at different levels of the body. Hematopoietic function,
metabolism (protein, carbohydrate) were more active in the group, which
used all components of the feed mixture Chlorophyta (30%) and
Arthrospira (40%), nanoparticles of iron oxide (10%), selenium (20%).

It can be assumed that each of the ingredients had an activating and
stabilizing function for the whole system. Each organism of aquatic organisms
has a specific development potential, according to which energy reserves are
used to form qualitative and quantitative parameters that are important in fish
farming. The results of the experimental part give grounds to note that the
proposed intensification measures with elements of innovation, improve the
composition of carp blood, thereby activating the potential (resource) in their
body. The following results of the study of the qualitative parameters of the
muscular part of silver carp, which additionally received the feed mixture in
experimental group 1 and experimental group 2 showed the excess of the
actual values in the control (Fig. 2).

As can be seen from the diagram shown in Figure 2, there is an
increase in the relative protein content in the muscle part of silver carp
from the experimental groups compared to the group where fish were
raised using only the general ration. For experimental group 2, the
studied parameter was higher than in experimental group 1 and,
accordingly, in the control group.
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At the end of the experimental part, this year's hybrid of silver carp in
the experimental groups weighed more than in the control: in relation to
experimental group 1 — by 14.3 %, in experimental group 2 — by 19.2 %.

29.5

K fatness CD, % P, % F %

¥ Controlgroup % Experimentalgroupl # Experimentalgroup2

Fig. 2. Comparative analysis of the muscular part of this year's hybrid
Hypophthalmichthys molitrix/Hypophthalmichthys nobilis, n=15: CD —
Concentration of dry matter in the muscle part, %; P — protein content in the
muscle part, %; F — fat content in muscle, %

Comparative analysis of body weight accumulation in this year of carp
presented a similar positive trend: in the experimental groups carp
weighed more than in the control: in relation to experimental group 1 — by
15.5 %, in experimental group 2 — by 19.5 %. The established active mass
accumulation is justified by positive changes of homeostatic balance on
physiological indicators. Against the background of activation of the main
metabolic processes is the formation and productive characteristics of fish.

Analysis of the muscular part of this year's Cyprinus Carpio also
provided positive results in the study of the influence of technological
factors as fertilizer in experimental group 1 and experimental group 2 in
relation to control values. The results of the study of the studied indicator
are presented in Fig. 3.

Analysis of the biochemical composition of the studied samples of the
muscular part of the carp demonstrates the positive impact of intensification
measures with elements of innovation not only on the morpho-functional
parameters of carp blood, but also on the quality of fish products.
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Fig. 3. Comparative analysis of the muscular part of this year's Cyprinus Carpio,
n = 15: CD — Concentration of dry matter in the muscle part, %; P — protein
content in the muscle part, %; F — fat content in muscle, %

The use of intensification measures with innovative elements of carp
growth in experimental groups contributes to the fact that their body has
the ability to maintain the stability of homeostasis parameters against the
influence of many external and internal factors better than in the control
group. This is convincingly evidenced by the positive results of the
experimental part.

CONCLUSIONS

Assessment of the aquatic environment by hydrochemical parameters
reflects positive results on fishery use, renewal of ichthyofauna by grown
viable young carp. The established favorable regime of the aquatic
ecosystem for the development of aquatic organisms provides for the
coordination of trophic relations between the representatives of the
ichthyofauna and under the conditions of rearing young fish before
stocking provides for the efficient use of the reservoir.

Hydrochemical parameters of the aquatic environment is one of the
determining conditions, which demonstrates how many aquatic organisms
after stocking are able to adapt to new conditions. Sharp fluctuations and
deviations from the optimal values of the actual value of each of the
parameters are a stress factor for the adaptive-compensatory processes of
the carp organism during stocking. Therefore, the introduction of
intensification methods into the technological map with innovative
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elements of silverfish and carp breeding material with the use of
nanotechnology elements and processed natural components contributes
to the improvement of adaptive-compensatory mechanisms. In the context
of activation of catabolic processes, homeostatic balance in experimental
groups of carp developmental parameters in ontogenesis there is an
improvement of morpho-functional parameters of blood. Positive results
of the analysis of the biochemical composition of the muscular part of
silver carp and carp indicate the effective use of the potential of young
people, resulting in the harmonization of qualitative and quantitative
parameters.

SUMMARY

The results of experimental research on the use of intensification
methods with elements of innovative aspects in aquaculture are presented.
The introduction of elements of additional feeding for Cyprinus Carpio
and hybrid Hypophthalmichthys molitrix/Hypophthalmichthys nobilis into
the technological map helps to improve viability. A method of stocking
with increasing adaptive-compensatory mechanisms in fish against the
background of the influence of abiotic and biotic factors is proposed. The
proposed intensification measures with elements of innovative solutions
provide a comprehensive opportunity to improve the qualitative and
guantitative parameters in fish farming. The research results confirmed the
best parameters in the experimental groups in comparison with the control
group. In the experimental group where the Cyprinus Carpio and hybrid
Hypophthalmichthys  molitrix/Hypophthalmichthys nobilis  received
processed ingredients with feed according to scheme 2 (experimental
group 2), development and physiology indicators were higher than the
value. The obtained actual data will allow to increase the activity and
resistance of juvenile fish before stocking in the transformed reservairs.
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