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номічного прибутку для проведення відповідних природоохоронних заходів на 
території заповідника.

З метою залучення більшої кількості вітчизняних і зарубіжних туристів необ-
хідно поліпшення якості інфраструктури; підвищення пропагандистської, реклам-
ної діяльності; підвищення професійного рівня екскурсоводів.
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The growth of the world's population poses a number of challenges to fish industry 
professionals to provide people with a sufficient amount of quality, primarily protein 
products. Ukraine has a sufficient resource of reservoirs and has potential opportunities for 
the construction and development of a powerful fisheries complex. This makes it necessary to 
find ways, first and foremost, to restore inland fishing and increase the productivity of fisheries. 
One of the ways to solve this problem is to organize a large-scale introduction of valuable fish 
species into natural and transformed reservoirs. The latter should be based on the annual supply 
of a sufficient amount of quality and viable young fish. This is not possible without the presence 
on specialized farms of their own replacement and broodstock population, able to ensure effective 
artificial reproduction of fish. Under this problem, the main result of effective fish farming is 
the preservation of offspring, their quality and the ability to quickly restore reproductive potential 
after technological work. One way to overcome this problem may be the use of immunostimulants, 
which became the basis of our research.

The main purpose of the study was to improve the methods of preserving the offspring 
of herbivorous fish after factory reproduction, associated with the use of immunostimulants on 
farms in southern Ukraine. The place of special research was the incubation shop and summer 
stock ponds of the State Institution of the Novokakhovka fish factory. The research material 
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was the broodstock of white silver carp grown on the farm. Data are presented as mean values 
and standard error (x ± SE). Statistical analysis was performed by means of analysis of variance 
(one-way ANOVA). The research used commonly used methods in fish farming.

The analysis allows us to conclude on the feasibility of treatment of fetuses with the drug 
as an antimicrobial and stimulant. The use of the experimental immunostimulant Anfluron 2 
IU significantly increases the resistance of silver carp breeders after operations on artificial 
reproduction in the factory. Females of white silver carp injected with immunostimulants showed 
higher growth and survival throughout the observation period.

Key words: immunostimulant, fish, silver carp, reproduction, resistance, survival, broodstock.

Оліфіренко В.В., Корнієнко В.О., Козичар М.В. Вплив імуностимуляторів на 
виживання добрив овочевої риби

Зростання населення нашої планети ставить перед спеціалістами рибної галузі низку 
проблем, спрямованих на забезпечення людей достатньою кількістю якісних, насампе-
ред білкових, продуктів. Україна має достатній ресурс рибогосподарських водойм і має 
потенційні можливості для формування та розвитку потужного рибогосподарського 
комплексу. Це зумовлює необхідність передусім відновлення рибного господарства у вну-
трішніх районах і підвищення ефективності рибного промислу. Одним із шляхів вирішення 
цієї проблеми є організація масштабної інтродукції цінних видів риб у природні та тран-
сформовані водойми. Останнє має базуватися на щорічному отриманні достатньої кіль-
кості якісного й життєздатного посадкового матеріалу цінних видів риб. Це неможливо 
без наявності в спеціалізованих господарствах власного ремонту та маточних стад, 
здатних забезпечити ефективне штучне розмноження. У рамках цієї проблеми голов-
ним результатом ефективного вирощування риби є збереження потомства, його якість 
і здатність плідників швидко відновлювати репродуктивний потенціал після технологіч-
них робіт. Одним зі способів подолання цієї проблеми може бути використання імуности-
муляторів, що стало основою дослідження.

Основною метою дослідження було вдосконалення методів збереження плідників рос-
линоїдних риб після заводського розмноження, пов’язаних із використанням імуностиму-
ляторів у господарствах півдня України. Місцем спеціальних досліджень був інкубацій-
ний цех і літньоматочні стави ДУ «Новокаховський рибзавод». Матеріалом дослідження 
виступали плідники білого товстолобика, вирощеного в господарстві. Дані представлені 
як середні значення та стандартна похибка (x ± SE). Статистичний аналіз проводили за 
допомогою дисперсійного аналізу (односторонній ANOVA). У дослідженні використовува-
лися загальновживані методи в рибництві.

Аналіз дає змогу зробити висновок про доцільність лікування плідників препаратом як 
протимікробним і стимулятором. Застосування експериментального імуностимулятора 
Anfluron 2IU значно підвищує стійкість плідників товстолобика після операцій зі штуч-
ного відтворення в заводських умовах. Плідники, що ін’єктувалися імуностимулятором, 
показували вищий ріст і виживання протягом усього періоду спостереження.

Ключові слова: імуностимулятор, риба, товстолобик, розмноження, стійкість, 
виживання, плідники.

Formulation of the problem. The current state of aquatic bioresources in inland 
waters in recent years should be described as tense – due to the threat of extinc-
tion of certain species and populations, due to irrational fishing and pollution 
of the aquatic environment, reducing the efficiency of natural reproduction. Against 
the background of a sharp decline in the effectiveness of fishing within the inland 
waters, Ukraine is making significant efforts to meet the Sustainable Development 
Goals of the planet, both in the direction of preventing hunger and conserving aquatic 
living resources [1]. This situation makes it necessary to find ways, first of all, related 
to the restoration of fish catches in inland waters and the provision of affordable fish 
products to the population. There are hopes for the preservation and replenishment 
of biological resources associated with the artificial breeding of herbivorous fish, 
which allows to maintain industrial stocks and increase the production of marketable 
aquaculture products under regulated conditions. The progressiveness and impor-
tance of this area is repeatedly emphasized in the publications of a number of authors 
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[2–4]. The real large-scale introduction of herbivorous fish into the Dnieper-Bug 
estuary was started in 1974, and representatives of the Far Eastern ichthyofauna – 
white and variegated silver carp, grass carp – were chosen as priority introducers. 
The basis for this was the fact that the lower reaches of the Dnieper and Southern 
Bug, as well as the Dnieper-Bug estuary have significant forage resources, which 
representatives of aboriginal ichthyofauna practically do not use and the introduction 
into the reservoirs of the Dnieper-Bug estuary. increasing fish productivity in these 
areas [5; 6]. At the same time, given the biology of reproduction of herbivorous fish, 
the creation of their powerful industrial herd is impossible without their artificial 
reproduction and cultivation and subsequent introduction of planting material into 
reservoirs of different origin and purpose. At the same time, the systematic growth 
of industrial stocks is largely constrained by the lack of sufficient planting material, 
the production of which is quite difficult even in the presence of the required num-
ber of broodstock. Despite all the apparent study of various aspects of assessing 
the quality of offspring in fishery science has not yet conducted a comprehensive 
study, which would be analyzed on a single methodological basis, the triad “quality 
of producers – quality of sexual products – quality of youth” [7].

In this aspect, there are several important problems, one of which is the need to 
preserve the offspring during the production operations of artificial reproduction against 
the background of a possible improvement in the quality of sexual products. One 
of the ways to overcome this problem may be the use of immunostimulants, which 
became the basis of our research.

Analysis of recent research and publications. A series of recent studies allows 
us to talk about the important role of the quality of broodstock and obtained sexual 
products to obtain high-quality viable planting material for introduction into natural 
and artificial reservoirs [8; 9; 10].

Traditional methods of breeding and evaluation of mature fish on the basis of exter-
nal features do not fully reflect the qualitative characteristics of broodstock in the condi-
tions of artificial reproduction, as they are weakly related to fish hatching and subsequent 
embryonic development [3; 7; 9]. Selection work in combination with the assessment 
of the quality of broodstock in the chain of functional relationships “metabolism 
of mature fish – fertility – quality of sexual products – viability of young people” can be 
one of the ways to increase the efficiency of artificial breeding [7; 9; 11].

Improving existing biotechnologies of artificial reproduction involves finding 
ways to improve the efficiency of work with mature fish. These pathways are based on 
the achievements of fisheries science, including scientifically sound methods of pre-
serving broodstock and their reproductive potential during factory reproduction [7; 12]. 
From a practical point of view, there is no single approach to assessing the quality 
of offspring and methods of their preservation during factory reproduction. One way 
to overcome this situation may be the use of immunostimulants to increase the level 
of resistance of the offspring.

Immunostimulants are substances that stimulate non-specific resistance 
of the organism (NRO) and immunity (humoral and cellular immune responses). In 
the literature, the term “immunomodulatory” is often used as a synonym for the term 
“immunostimulant”.

The most common use of immunostimulants in fish farming is mainly associated 
with feeding fish to alleviate infectious diseases or increase growth rates [13; 14; 
15; 16].
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Problems of increasing productivity and survival in the cultivation of fish of different 
ages are also called various kinds of feed additives that increase the body's resistance. 
There are methods of introducing into the main diet of biennials carp saponite, analcym 
and bentonite [17], inactivated baker's yeast to the diet of young Russian sturgeon [18], 
bentonite clays in the cultivation of marketable fish [19], studied the effect of selenium 
on the metabolism of selenotoid and selenoprote of aquaculture [20].

At the same time, there are almost no data on the use of immunostimulants to 
improve fish performance in artificial reproduction operations, which are characterized 
by high trauma to the offspring against the background of a significant deterioration 
of their physiological condition. The use of modern highly effective drugs to preserve 
broodstock can make a significant contribution to improving the biotechnology of arti-
ficial fish farming.

Setting objectives. The purpose and objectives of the study were to improve methods 
for preserving the offspring of herbivorous fish after factory reproduction, associated 
with the use of immunostimulants in farms in southern Ukraine. The experimental part 
was aimed at studying the effect of the drug with a typical immunostimulant of recombi-
nant interferon. In our studies, we used the drug recombinant human interferon Anfluron. 
This drug is the first and only recombinant interferon created in Ukraine from scratch, 
from the stage of scientific development, after the stage of long-term research.

Interferons (IFNs) are a group of biologically active proteins or glycoproteins syn-
thesized by cells in the process of protective reaction to foreign agents – viral infection, 
antigenic or mitogenic effects.

IFN of different species of animals, despite minor interspecific differences in amino 
acid composition, work effectively in the bodies of heterogeneous animals. When IFN 
comes into contact with various cells of the body, the latter become immune to almost 
all known viruses and many toxins of protein and other nature. IFNs, in contrast to 
immunostimulants (inducers of IFNs), are powerful modulators of the immune sys-
tem. a-IFN is produced by lymphoid cells in response to foreign agents – viruses, bac-
teria or neoplastic agents. Activates almost all cells of the immune system, promotes 
the production of antibodies. Modulates B-cell immunity. g-IFN is produced by acti-
vated T lymphocytes. Activates cells of the immune system, especially macrophages 
(increases activity by 1000 times). Modulates T-cell immunity. Antiviral activity is 
lower than in a-IFN.

The place of special research was the incubation shop and summer uterine ponds 
of the State Institution of the Novokakhovka fish factory of partial fish. The research 
material was the broodstock of white silver carp grown in the farm. The research was 
guided by the principles of bioethics. The studies were carried out in accordance with 
the European Convention for the Protection of Vertebrate Animals used for Experimen-
tal and other Scientific Purposes ETS No. 123 and approved by the Science Council 
of the Kherson State Agrarian and Economic University.

Experimental and control groups of 28 individuals were formed to conduct an exper-
iment to study the effect of immunostimulants on the quality of broodstock. The forma-
tion of the study groups and the calculation was performed on the principle of groups 
of analogues [21; 22]. As an experimental immunostimulant we used Anfluron 2 IU, in 
vials with a capacity of 10 ml. It was a sterile isotonic (0.15 NaCl, 0.1 Na, K-phosphates 
pH 7.2-7.4) aqueous solution of recombinant a- and g-interferons – analogs of human 
a-2a- and g-interferons, total protein <15 mcg/ml.

The drug was administered according to the current method, intramuscularly, once, 
immediately after the selection of sexual products. The injection was made into the dor-
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sal muscles at an angle of 45° at the anterior edge of the dorsal fin. The injection site was 
treated with 75% ethyl alcohol.

After injection, the offspring of the experimental group were placed in a sum-
mer-uterine pond with an area of 0.9 ha. A control group was landed in a similar pond. 
The final control of the survival of the experimental material was performed during 
the unloading of summer uterine ponds by the method of direct accounting [21; 22]. 
Morphological studies of offspring were performed according to commonly used meth-
ods with the definition of the main indices of physique [22].

Data are presented as mean values and standard error (x ± SE). Statistical analy-
sis was performed by means of analysis of variance (one-way ANOVA). A value of  
P <0.05 was considered statistically significant. Analysis of the variance of the influence 
of technological and environmental factors on the growth of larvae was carried out 
using the MANOVA.

Presentation of the main research material. Given the pharmacodynamics 
of the drug, its effect on fish, according to our research and material sources, the effect 
of recombinant interferon can be divided into 2 phases: the first is a strong bacterio-
static and bactericidal effect on all known groups of bacteria, fungal diseases and even 
viruses. acts as an antibacterial and anti-inflammatory agent, this action lasts for at least 
eight days.

It is at this time that the fish's body has the least resistance and is able to be exposed 
to both pathogenic microflora and secondary microorganisms. Even inflammations that 
occur naturally after receiving sexual products in the internal organs, muscles, due to 
the introduction of pituitary drugs and on superficial formations, as a result of trauma 
during catching and manipulation during the spawning campaign often lead to vari-
ous pathological processes in the body of broodstock. Due to the physiological state 
of the above processes have a very negative effect on the survival of the offspring of her-
bivorous fish, mainly causing their death.

The second phase of the drug is due to the peculiarities of the main active substance. 
In terms of pharmaceutical properties, it has a stimulating and immunoprotective effect. 
These properties are extremely necessary at the post-spawning maintenance of brood-
stock. If during the first phase the preservation of offspring is determined by the pre-
vention of infectious diseases and post-spawning complications of infectious ethnology, 
then in the second phase it is desirable to stimulate the immunostimulant as the main 
component of the drug. This effect is manifested in the stimulation of immunity, result-
ing in increased resistance of the body of the offspring, stimulates the processes of diges-
tion, respiration and, importantly, tissue regeneration.

In experimental studies of the quality of the immunostimulant, we used Anfluron 
2 IU, which was injected into the muscular part of the body of the offspring before 
landing them for feeding. As our research has shown, due to the stimulating effect 
of the immunostimulant, the period of physiological rehabilitation after receiving sex-
ual products is reduced. The stimulating effect of the drug allows fetuses to start feeding 
at an earlier date, which has a positive effect on the growth of fish and the development 
of their gonads. All this can be easily traced when comparing the linear-weight indica-
tors of the offspring of the experimental and control groups obtained during the autumn 
inventory restock.

As a result, the final weight of the offspring of the experimental group exceeded 
the similar rate of fish in the control group by 5.4–10.0%, which averaged about 7.7%. 
A slightly smaller difference was observed in the linear indicators – 1.9–5.1% (Table 1).
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Table 1
Qualitative assessment of white silver carp females (x ± SЕ, n = 56)

Indicators x ± SE σ Mdiffexperiment control experiment control
Weight, kg 5.92±1.41 5.46±1.86 1.79 1.87 0,22
Full length L, см 79.91±3.60 79.45±2.54 7.05 7.82 0,13
Short length l, см 66.17±6.55 65.97±11.43 7.21 7.31 0,02
Body height Н, см 22.83±0.70 19.89±1.68 3.39 3.02 1,65
Body girth О, см 41.28±2.40 40.19±4.37 6.35 6.27 0,22
Index І/Н 34.50±0.99 30.15±1.07 2.25 2.02 3,68
Index І/О 62.38±0.15 60,92±0.23 2.09 2.01 5,32

The most strikingly stimulating effect of the drug was manifested when compar-
ing the physique indices of the broodstock involved in the experiment. According to 
the indicators of high-back and body girth index, the broodstock of the experimental 
group exceeded the similar indicator of fish of the control group by 12.6 and 2.3%, 
respectively. There was a significant mathematical difference between these indicators, 
the coefficient of differentiation of the series ranged from 3.68 to 5.32.

The antimicrobial and stimulating effect of the drug was also reflected in the survival 
rates of offspring, as shown in table 2.

Table 2
The effect of the immunostimulant on the survival of female silver carp

Groups of 
females

Mortality in 
the first three days 

after spawning

Mortality during 
the period of summer 

detention

Mortality in total 
during the observation 

period
copy % copy % copy %

experiment 5 17,2 1 3,4 6 20,6
control 8 27,5 8 27,5 16 55,0

Already in the first three days, the mortality of the offspring of the experimental 
group decreased by 12% compared with the norm. At the same time, the offspring 
of the control group showed almost regulatory death rate. This trend persisted during 
the summer season. It is during the summer maintenance and feeding of broodstock that 
all the negative consequences related to the quality of broodstock and the level of their 
resistance are manifested. The overall survival of the offspring of the experimental 
group for the entire observation period reached 79%. At the same time, the mortality 
of fish in the control group exceeded 55%.

Conclusions. The conducted analysis allows to draw a conclusion about the expe-
diency of treatment of ovaries with the drug as a promicrobial and stimulant. The use 
of the experimental immunostimulant Anfluron 2 IU significantly increases the resis-
tance of silver carp breeders after operations on artificial reproduction in the factory. 
Females of white silver carp injected with immunostimulants showed higher growth 
and survival throughout the observation period. The treatment itself easily fits into 
the technology of factory reproduction of herbivorous fish and can be offered for intro-
duction into the technological scheme of artificial reproduction.
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Проблема поводження з твердими побутовими відходами є надзвичайно актуаль-
ною для регіонів України. Звалища відходів займають цінні в сільськогосподарському 
значенні земельні ресурси. Особливу небезпеку створюють несанкціоновані звалища 
твердих побутових відходів, які забруднюють землі сільськогосподарського призна-


