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STUDY OF THE INFLUENCE OF BIOLOGICALLY
ACTIVE ADDITIVE USING MICROALGAE
ON THE GROWTH AND MICROFLORA OF RAINBOW TROUT

Abstract. The aim of this work was to study the effect of biologically active feed additive based on microalgae
on the growth parameters and microflora of fish.It was found that the growth rate of fish is directly depended on the
amount of chlorella suspension in the feed. Higher length and weight measurements of trout were observed in the
variant with the addition of a chlorella suspension in the volume of 10 ml/kg compared to the other variants of our
experiment. The variant grown with the addition of chlorella suspension in the amount of 10 ml/kg, had greater
increase in weight by 112.7, than the control and experimental variants grown with the addition of chlorella sus-
pension in the amount of 5 and 15 ml/kg, showing indicators of 98.2, 97.5, and 99.6, respectively.The survival of
fish during the study period remained at a high level (100 %) in the second experimental variant .Survival rate in the
control group was reported 97 % and the first variant showed 97.7 %. Despite a significantly high growth rate, the
survival rate of fish was amounted to 96.5% in the third variant, Perhaps this is due to the fact that in conditions of
excessive intake of chlorella suspension into the environment and with its incomplete assimilation by fish, there is a
high reproduction of microalgae in the aquatic environment. Quantitative and qualitative analysis of rainbow trout
microflora was carried out in control and experimental variants.The calculation of TMC (full abbreviation) in the
bodies of trout in the control variant showed that the number of bacteria ranging from 2,1x10° to 3,8x10°CFU/g in
the intestine.Bacterial contamination of the liver was insignificant, and the omch (full abbreviation) index is not
more than 1x10*> KOECFU/g wet weight.Gill contamination ranged from 2,1x10%0 3x10° CFU/g. In the experi-
mental variants with the addition of Chlorella vulgaris suspension, the omch indices of different trout organs did not
differ significantly from those of the control variant. In the intestine, the number of bacteria ranges from 3,1x10° to
3,8x10° CFU /g, in the liver no more than 2,6x10*CFU /g wet weight. The insemination of gills was reported from
3x10° to 5x10° CFU /g. The selected associations of microorganisms consist of both saprophytic and opportunistic
bacteria. The studies found that the qualitative composition of the microbiocenosis of trout in both control and
experimental versions/variants is represented by 4 main genera Lactobacillus, Aeromonas, Pseudomonas and Acine-
tobacter. But the numerical ratio of the bacterium of the genus Lactobacillus was much higher in the experimental
variants, in particular in the second variant of the experiment, compared with the control and other variants of the
experiment.In addition to the representatives of these genera, representatives of the genera Micrococcus, Sarcina,
Bacillus, Enterobacter, Escherichia, Serratia, Proteus and Vibrio were alsofound in different proportions in the trout
microflora.The results obtained in the course of the studies allow us to recommend the introduction/addition of feed
additives based on microalgae Chlorella vulgaris to the composition of feed for trout fish, which allows to increase
the growth rates and maintain the physiological state of fish at the appropriate level.

Key words: Chlorella vulgaris, rainbow trout, biological active additive, microflora.

Nutrition is the basis of life of fish and any other organism. It is known that fish feed with a large
variety should be available both from biological and physiological position [1]. From a biological point of
view, food should be available structurally and spatially so that fish can consume it without excessive
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energy consumption. From a physiological point of view, the food should be acceptable in taste and smell,
easily digested and provide all the energy and plastic needs of the body.

High productivity and rational use of feed are possible only when fish farming facilities are fully
provided with the necessary amount of protein, fat, carbohydrates, minerals and vitamins and receive
enough energy to carry out their vital functions. Abundant and complete feeding, especially at a young
age, contributes to an increase in weight, more rapid achievement of puberty, a clear manifestation of the
signs of the exterior. Studies have shown that, providing optimal conditions for metabolic processes in the
body of fish, you can achieve an increase in their growth rate with a decrease in 2-3 times the feed con-
sumption. Such results can be obtained through proper feeding, which involves the use of diets containing
all the necessary substances for the animal body [1].

Currently, the domestic feed industry is experiencing an acute shortage of quality feedstock. To
overcome the crisis in domestic feed production, a number of issues are considered, the main of which
are: improving feed formulations with the addition of various natural biologically active substances. At
the same time, the use of natural biologically active substances is promising, which provide correction of
the standard feed diet and composition of the resulting fish products for the missing nutrients [2].
Currently, the use of various microalgae as biologically active additives to feed is of great interest. It is
known that microalgae have a unique biochemical composition, contains a wide range of biologically
active substances — vitamins, macro-and microelements, amino acids and functional pigments [3]. In this
regard, the search for new, non-traditional sources of biologically active substances for feeding fish is one
of the most urgent problems of today.

In this regard, the aim of this work was to study the effect of biologically active feed additives based
on microalgae on the growth and microflora of fish. Rainbow trout (Oncorhynchus mykiss) is selected as
the object- the type that is attributed currently to the genus of Pacific salmon (Oncorhynchus) of the
salmon family (Sa/monidae). Rainbow trout meat is provided with easily digestible proteins, unsaturated
fatty acids, trace elements and vitamins that are important for human nutrition. Rainbow trout is one of the
first places in the world fish market.

Materials and methods of research. The study was conducted on the basis of Turgen trout farm,
located in Almaty region, Enbekshikazakh district, Turgen village. For the experiment in the aquarium
installation, rainbow trout fry were selected, the average mass of which at the beginning of the experiment
was about 50 — 54.1 g. [1, 7]. The control and 3 experimental groups of 10 individuals each were formed
by the method of analogues. The juveniles were grown in aquariums with a capacity of 250 1. the duration
of the experiment was 10 weeks. The control group received a complete feed Aller silver (Poland). The
composition of the feed included: vitamins, premixes and minerals, corn gluten, poultry flour, feather
flour, sunflower protein, blood products, wheat gluten, canola, rapeseed oil, fish oil, fish flour, soy
protein, soy. The nutritional value of this feed was: crude protein — 45 %, fat — 22 %, carbohydrates -20%,
fiber-2%, phosphorus 1%, energy value - 22.3 MJ. As a biologically active additive, Chlorella vulgaris
suspension and juveniles of the 1st, 2nd and 3rd experimental groups were used, the same compound feed
enriched with an additional suspension of Chlorella vulgaris microalgae was obtained at the rate of 5, 10
and 15 ml per 1 kg of fish weight, respectively.Chlorella vulgarissuspensionin 1 mlcontained 3 million/s.
Feeding rainbow trout during the experiment period was performed 6 times a day, in the daytime at
regular intervals. Weekly studies were conducted on the growth and development of rainbow trout on the
basis of the results of control catches. The weight method was used. According to the results of weighing,
the value of the absolute growth of juveniles was calculated. The absolute increase is calculated by the
difference between the initial and final weight of the fish for the period. The relative increase was
calculated by the formula:(1) where MO, MP — the average weight of fish at the beginning and end of the
period, respectively. To characterize the intensity of growth, indicators of fish fatness coefficient were
used [3]. At the end of the experiment, control and experimental groups of trout fish planting material
were collected for microbiological studies. Microbiological studies of gills, liver and intestines of control
and experimental groups of fish planting material were carried out. 3 fish specimens from each variant of
the experiment and control were selected for the autopsy. From selected samples made the seeding of the
environment General purpose and selective nutrient medium with three replications to determine
KMAFAnM and the number of conditionally pathogenic bacteria. To determine the total bacterial conta-
mination of fish organs, primary bacteriological crops were carried out on fish-peptonic and meat-
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peptonic agar media. Enterobacteriaceae bacteria were determined by fermentation in a storage medium
and were detected by incubation in an Endo medium at a temperature of 37 °C [4]. The study of morpho-
logical, cultural, biochemical properties of the isolated microorganisms was carried out according to the
General requirements and recommendations for microbiological studies GOST ISO 7218-2011 [5]. The
isolated bacteria were screened out for 1 % of simple agar in test tubes, assigned an individual culture
code, and then identified to the genus by conducting and determining the morphological, tinctorial, some
biochemical properties of the isolated microorganisms. Spent crops on differential nutrient media: Endo,
YSA. To determine the number of lactic acid microorganisms in the intestine of fish, the method of deep
sowing of the selected sample for cabbage agar was used. The crops were incubated for 5 days at a
temperature of 30 °C. the Number of microorganisms was determined from calculations for 1 g. Identifi-
cation to the genus was carried out by gram staining followed by microscopy, determination of the ability
to capsule and sporulation, tests for oxidase and catalase activity and mobility. At the same time, the
isolated microorganisms were identified by determinants [7,8]. Tests for oxidase and catalase activity
were performed in accordance with GOST 18963-73. Drinking water was used. Methods of sanitary —
bacteriological analysis. The resulting digital material was statistically processed using the program
Statistica 6.0.

Research results and discussion. As it is known, the rapid growth of fish and high productivity are
achieved only if the fish are provided with the necessary amount of nutrients —protein, fat, carbohydrates,
minerals, vitamins — and get enough energy to carry out vital functions [9]. Growth processes in hydro-
bionts depend on a whole complex of external and internal factors, among which one of the most impor-
tant is trophic, since the composition of food and the degree of its availability largely determine the linear-
weight characteristic of fish [10]. In terms of aquaculture, trout are grown on artificial animal feed, the
raw material for the production of which should best match the natural food of fish. Introduction of
rainbow trout components uncharacteristic for natural nutrition into the feed composition can have a
significant impact on fish metabolism and, as a result, lead to changes in their physiological state and
growth processes [11]. The study of the dynamics of the mass of rainbow trout fry in our experience
showed that the initial mass of the sample of juveniles in all groups was the same about 55.3-56.7 g.
Observations of the process of feed intake by rainbow trout showed that when feeding fish in control and
experimental containers, the time of feed intake was different. In General, the eating time of both control
and experimental fish ranged from 5 to 20 minutes.

According to the study of feeding rainbow trout feed with the addition of suspension of microalgae
Chlorella vulgaris found that the growth rate of fish was similar in the control and experimental versions
with a tendency to increase absolute growth (table 1).

However, between the experimental groups of fish, the weight gain and growth of rainbow trout
differed and depended primarily on the composition of the feed, since the other conditions of trout
cultivation were the same. It was found that the growth rate of fish directly depended on the amount of
Chlorella suspension in the feed. A high increase in the length and weight of the trout was observed in the
second variant compared to the other variants of our experiment. At the end of the experiment in the
variant with the addition of Chlorella suspension in the amount of 10 ml/kg, the trout weight gain was
112.7, and in the control and experimental variants with the addition of Chlorella suspension in the
amount of 5 and 15 ml/kg, these indicators were 98.2, 97.5, and 99.6, respectively. It is shown that in the
second variant there is 12.7% more weight gain compared to other variants.

There are a number of indicators to characterize the physiological state of fish. The most common
among them are: Fulton fatness coefficient. This indicator makes it possible to determine the effect of
feed used on metabolism and to identify the causes of its positive or negative action [3]. During the
research period, the determination of the Fulton fatness coefficient, reflecting the relationship between the
weight and length of fish, allowed to analyze the physiological state of rainbow trout (table 2).

The analysis of the obtained results shows that the feed enriched with Chlorella suspension used in
feeding did not have a negative impact on the physiological state of rainbow trout, which does not
contradict the data of other studies [12]. Moreover, it should be noted that the coefficient of fatness of
trout increased on average from 3 to 3.2 in the experimental versions.




News of the National Academy of Sciences of the Republic of Kazakhstan

Table 1 — Growth parameters of rainbow trout

Week Exper.iment Weight, Length, Increase of weight, Increase of length,
variant g sm g sm
Control 52,3+1,5 10,2 - -
1 variant 53,4+1,3 10,1 - -
! 2 variant 51,7+1,2 10,2 - -
3 variant 54,1+1,1 10,4 - -
Control 58,1+1,4 11,8 11 15,6
1 variant 60,2+1,2 11 12,7 8,9
2 2 variant 58,6+1,2 11,6 13,3 13,7
3 variant 60,1+1,1 11,1 11 6,7
Control 67,12 12,5 28,2 22,5
1 variant 68,0+1,2 12,5 27,3 23,7
! 2 variant 69,1+1,3 12,6 33,6 23,5
3 variant 69,8+1,1 12,5 29 20,1
Control 78,7+1,2 13 50,4 274
1 variant 81,5+1,3 12,8 52,6 26,7
¢ 2 variant 82+1,2 13,2 58,6 29,4
3 variant 83+2,4 13 53,4 25
Control 95+1,3 14,1 81,6 38,2
1 variant 95,8+1,2 13,8 79,4 36,6
5 2 variant 98+1,3 14,2 89,5 39,2
3 variant 97+1,2 14,4 79,2 38,4
Control 103,7+1,2 15,2 98,2 48
1 variant 105,5+1,3 15 97,5 48,5
10 2 variant 110+1,2 15.1 112,7 49
3 variant 108+2,4 15,1 99,6 45,1
Table 2 — Morpho-physiological characteristics of rainbow trout
Indicators Control Feed+Chlorellavulgaris | Feed+ Chlorellavulgaris | Feed+Chlorellavulgaris
(feed) 5 ml 10 ml 15 ml
Weight, g 103,7+1,2 105,5+1,3 110£1,2 108+2.4
Length, sm 15,2 15 15.1 15,1
Fatness coefficient 2.9 3,1 32 3,1

Thus, according to the results of studies, there was a significant positive effect of the Chlorella
suspension Supplement on the morpho-physiological parameters of rainbow trout growth and develop-
ment. [t was found that the most effective was the feed with the addition of Chlorella suspension in the
amount of 10 ml/kg. These data indicate a positive effect of feed additive in the form of Chlorella
vulgaris suspension on the growth of rainbow trout.

Survival of fish during the study period remained at a high level in the second experimental version
was 100 %. Survival in the control group was 97 % and in the first variant 97.7 %. In the third variant of
the experiment, despite a significantly high growth rate, the survival rate of fish was 96.5%. Perhaps this
is due to the fact that in conditions of excessive intake of Chlorella suspension into the environment and
with its incomplete assimilation by fish, there is a high reproduction of microalgae in the aquatic envi-
ronment. As you know, their excessive reproduction in the aquarium can lead to a deterioration in the
conditions of growing fish, which can thereby affect their survival [12].
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As it is known, the state of the microflora of any living organism, including fish, is a determining
factor in the normal functioning of the entire immune system as a whole. The microflora of fish is
concentrated mainly in the mucus on the scales, on the surface of the gills and in the digestive tract. At the
same time, the digestive system is of the greatest interest, since it is a kind of protective barrier between
the internal environment of the body and the foreign environment, a special role in which belongs to the
normal intestinal microflora, as well as the liver, where the toxic substances of food are detoxified, not
neutralized by its enzymatic cleavage.

In this regard, at the next stage of the study of the effect of biologically active feed additives on the
growth and development of fish, the study of the state of the microflora of rainbow trout when feeding
feeds enriched with suspension ofChlorella vulgaris microalgae.

Quantitative and qualitative analysis of rainbow trout microflora in control and experimental variants
was carried out. The calculation of TMN in trout organs in the control variant showed that the number of
bacteria in the intestine varies from 2,1x10°to 3,8x10°CFU / g. Bacterial contamination of the liver was
insignificant, the TMN index is not more than 1x10> CFUn/gof wet weight. The insemination of gills was
from 2,1x10%*o0 3x10° CFU /g.

In the experimental variants with the addition of Chlorella vulgaris suspension, the TMN values of
different trout organs do not differ significantly from those of the control variant. So in the intestine the
number of bacteria varies from3,1x10° to 3,8x10°CFU /g, in the liver no more than 2,6x10> CFU /g of wet
weight. The insemination of gills was from 3x10°to 5x10° CFU /g.

According to the literature, the microbial number on the gills can vary widely from 6x10*o
2,2x10°CFU /g. [13]. It is known that the composition of the microflora of the outer covers is closely
related to the conditions of fish [14]. In case of unsatisfactory water condition due to the measures taken
to intensify production or damage to the tissues of the Gill epithelium, the level of bacterial contamination
in fish increases.

The total number of bacteria in the intestine according to some authors, varies in different species of
fish within 10? to 10'%cl. per 1 gram wet weight. However, most authors point to the 10° — 10® cl/g [15].
This variation seems to be related not only to the species diversity of the fish studied, their habitat and
physiology, but also to the methods of counting bacteria used by different researchers. After all, it should
be noted that the methods for studying the attached intestinal microflora of fish are mainly based on the
homogenization of the intestine and subsequent crops of homogenates on various selective media, which,
as is known, can detect only microorganisms that can grow on specific environments. The intestine also
contains anaerobic bacteria, many of which are known to be resistant to cultivation in the laboratory. In
this connection, it is possible and there is a slight underestimation of the population of bacteria.

At the end of incubation of cups with crops from various organs of fish in general, 12 isolates of
bacteria with different morphotypes of colonies, from trout organs were isolated into a pure culture.

Morphological characters were studied in 12 selected isolates of bacteria (shape, motility, presence of
capsule and the ability to spore formation), identified by their Gram — and has explored some of the
cultural (the growth pattern of the selected cultures on solid and liquid media) and biochemical properties.

The study of cultural and morphological properties of the detected and isolated cultures of bacteria
found that the trout microflora is represented by mobile and non-mobile, gram-positive and gram-negative
cocci and sticks. At the same time, it should be noted the dominance of mobile gram-negative bacteria
(sticks) in the control variant, which is 67 % of all isolated microorganisms in trout. During the test to
determine the oxidase activity revealed 5 oxidase-positive, 5 oxidase-negative strains and 2 cultures with
questionable results in trout. The test for catalase activity of bacterial cultures isolated from trout showed
2 catalase-negative, 8 catalase-positive strains and 2 strains showed ambiguous results (table 3).

Bacteriological study of various organs of fish in experimental variants showed that gram-positive
sticks and cocci dominated in all variants of the experiment in the incidence.

Determination of isolated isolates of bacteria was carried out before the genus and, in some cases,
before the family. Selected association of micro-organisms are composed of both saprophytic and
opportunistic bacteria.
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Table 3 — Numerical ratio of belonging to the genera of selected microorganisms, %

Numerical ratio of belonging to the genera of selected microorganisms, %
F(Fl?l)r(l(()ir)l Control Feed+Chlorellavulgaris 5 Feed+ Chlorellavulgaris Feed+Chlorellavulgaris

(feed) ml 10 ml 15 ml
Sarcina 6+0,5 5+0,5 5,5+ 0,5 5+0,5
Micrococcus 5+£0,5 6+0,5 5+0,5 6+0,3
Aeromonas 16 +1 12+1,5 11£1,5 12+ 1
Vibrio 8+0,5 8+ 0,5 7+1 8+ 0,5
Acinetobacter 10+ 0,5 9+0,5 10+0,2 10+ 0,3
Pseudomonas 12 +1 11+1 10+ 1 12+ 1
Enterobacter 6+0,5 5+1 4+0,5 5+£0,5
Escherichia 7+ 1 5+0,5 4+0,5 5+£0,5
Serratia 6+1 7+£0,5 3+0,5 5+0,5
Bacillus 3+£0,5 3+0,5 3+0,5 3+1
Lactobacillus 11+2,5 18+ 2 22+25 17+ 1
Proteus 8+ 0,5 6+ 1 4+ 0,5 5+0,5

During researches it is established that the qualitative composition of the microflora of trout in the
control and experimental variants are represented by 4 major branches: Lactobacillus, Aeromonas,
Pseudomonas and Acinetobacter. But the numerical ratio of the bacterium of the genus Lactobacillus was
much higher in the experimental variants, in particular in the second variant of the experiment, compared
with the control and other variants of the experiment.According to literature sources, it is known that the
bacteria of the genus Lactobacillus are very demanding on food sources and do not grow on simple
media. Most bacteria in this family need "arginine, cysteine, glutamic acid, leucine, phenylalanine, trypto-
phan, tyrosine, valine". The suspension of Chlorella is rich in these substances and getting into the gastro-
intestinal tract of the macroorganism, first of all, becomes the optimal nutrient medium on which lactic
acid bacteria develop rapidly [16]. In addition to representatives of these genera in the microflora of trout
in different proportions were also representatives of the genera: Micrococcus, Sarcina, Bacillus, Entero-
bacter, Escherichia, Serratia, Proteus and Vibrio.

Despite the fact that Pseudomonas, Vibrio and aeromonad as opportunistic microorganisms under
certain conditions, can cause epizootics, they are representatives of normal microflora of fish.

In General, the results correspond to what is known from the literature. According to some authors in
the composition of the microflora of the fish in the norm encountered opportunistic microorganisms,
among which the representatives of families: Pseudomonadaceae (Pseudomonas kind), Vibrionaceae
(Aeromonas kind) and Enterobacteriaceae [17]. On the skin and gills are common bacteria of the genera:
Aeromonas, Pseudomonas, Citrobacter, Proteus, Enterobacter, Escherichia, Cytophaga, Flavobacterium,
Micrococcus, Staphylococcus, Enterococcus [18].

A balanced diet of fish is an important factor in ensuring their normal functioning and proper
metabolism. The correct organization of biologically complete feeding of fish contributes to the maximum
manifestation of their genetic potential. The data obtained allow us to conclude about the positive effect of
biological feed additives based on microalgae Chlorella vulgaris on fish microflora, morphophysiological
indicators of growth and development of rainbow trout, with the most effective volume of the Supplement
is 10 ml per 1 kg of live weight of fish.

As is known, Chlorella suspension is not only a source of proteins, vitamins, macro-and micro-
elements, but also a source of biologically active substances with a high antagonistic effect in relation to
opportunistic microorganisms [19]. It is known that the normal functioning of many systems and organs
of animals, including fish, largely depends on the species composition and inter-species ratio of
microorganisms that inhabit their intestines.The obtained positive effect of the Supplement on the growth
and development of fish can be explained by the fact that the use of feed supplements based on micro-
algae Chlorella vulgaris in the feed for trout increases the contamination of their intestines lactic acid
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bacteria, which, in turn, have an antagonistic effect on a wide range of pathogenic and opportunistic
microorganisms. Thus, the restoration of the microbiocenosis of the gastrointestinal tract allows to
increase the resistance of fish to adverse factors, increase growth rates, improve metabolism, increase the
digestibility of nutrients in the diet and increase the survival of fish by stimulating their growth and
development [20].

The results obtained in the course of the studies allow us to recommend the introduction of feed
additives based on microalgae Chlorella vulgaristo the composition of feed for trout fish, which allows to
increase growth rates and maintain the physiological state of fish at the appropriate level.

B. K. 3asinan’, H. P. Akmyxaﬂonal, J. H. MaTopmlz, A. K. CaaBakacosa',
M. M. Topexanosa', K. Boaarxan', X. Basioyu', M. O. bayenosa'

'on-Dapabu ateiHnarsl Kazak ynTTeIK yauBepcuteti, Anmarsl, Kaszakcras,
M. B. JIoMOHOCOB aThiHaFsl Mockey MEMIIEKETTiK yHHBepcHTeTi, Mackey, Peceii

MUKPOBAJIABIPJIAP HET'I3IHIEI'T BUOJIOT'UAJIBIK BEJICEH/II
KOCHAJAPABIH K¥BbBIJIMAJIBI BAXTAXTBIH OCYIHE KOHE
MUKPO®JIOPACBIHA 9OCEPIH 3EPTTEY

AHHOTauMsA. JKYMBICTBIH MakcaThl MHKpOOAJABIPJIAp HETI3iHIE albIHFaH OWMOJIOTHSUIBIK OENCeH/II KOEKTIiK
KocHajap/blH OalbIKTapIblH MUKPO(IOpackl MEH OCy MapaMeTpiepiHe ocepiH 3epTrey OOJbI TaObUIIbL. balbik-
TapIblH ©6CY KAPKBIHIBUIBIFBI JKEMJEr XJIOpEsUia CYCICH3USCHIHBIH MOJIIEPIHe TiKenel OailaHbICThl CKCHIIr
AHBIKTAJbl. baXTaxThIH Y3BIHJBIFBI MEH MAacCaChIHBIH OCYIHIH KOFapFbl KOPCETKIlli AKCIEPUMEHTIMI3IiH Oacka
HYCKaJIapbIMEH CaJbICThIpFaHaa KypaMmblHAa 10 MI/Kr MeJuepiHzie XJopeiula CYCIIEH3WsChl KOCBUIFaH HYCKaJa
Oarikangpl. Toxipube coHpiHma 10 MII/KT MeIIIEepiHET] XJIopeiia CyCIeH3UsIChl KOChIIFaH HycKaa 0axrax caiMa-
FBIHBIH ociMi 112,7 Kypassl, an mMemmepi 5 xoHe 15 MII/KT XJIOpeJuTaHblH CyCIICH3HSCHl KOCBUIFAH OaKbulay *KoHE
TOXKIpUOETIK HYCKamapaady1 kepceTkimrep tuicinme 98,2, 97,5 sxone 99,6 Kypaapl. 3epTTey Ke3iHae OambIKTapIblH
OMIpIICHAIrT eKIiHII ToXKipuOeNmiK HycKama >KoFapbl neHreine cakramei, 100% kypampl. bakpumay HyckachiHAa
eMipmeHIiK 97% sxoHe OipiHmn Hyckaza 97,7% xypansl. ToxipnOeHIH YIIIHIN HYCKACBIHIA ©CYAIH aWTapibIKTai
KOFaphl KOPCETKIlIiHe KapamacTaH, OaibIKTapaslH emipiieHairi 96,5% - apl Kypaasl. by xmopemna cycneH3ms-
CBIHBIH OQJIBIKTAp MEKEHICUTIH OpTara apThIK MeJIIIep/Ie TYCill, OHbI OaJbIKTAP/IbIH TOJIBIK UIepe aMaraHIbIFbIHAH
MHUKPOOATABIPIAPABIH CYIBI OpTaaa sKanmai keOeriMeH OaiylaHbICThI 00Tysl MYMKIH. bakputay xoHe ToXipnOemik
HYCKajlapJia KyObUIMasbl 0axTaXThlH MHUKPO(MIOPACHIHBIH CAHJBIK JKOHE CalalblK Tajlaaybl Kypri3iimi. baxrax
oprauzapeiaaa JKMK ecentey Gakpliay HyCKAachlHIa imek GaxTepusiapbiHbH caHbl 2,1x10° nen 3,8x10° KTB /r
apasbIFbIH/IA ayBITKBIFAHBIH KOPCETTi. baybIpAbIH OaKkTepHsIbIK TYKbIMIBUIBIFB! maMainsl, JKMK kepcerkimii bii-
Fanpl canmarsiasig 1x10* KTB Gipi./r Ten Gommsl. XKenGesexrepineri TykpivMmpuibrsr 2,1x10* mer 3x10° KTB /r.
apanbirbiH KamThbinbel. Chlorella vulgaris cycneH3usichl KOCBUIFaH TXIpHOeni Hyckanapia 0axTaXTbIH op Typui
oprannapeinbly, JKMK kepcerkimrepi 0akpuiay HYCKachlHaH aTapibIKTail albpMalIbUIbIFbl OosnMansl. [mieringe
Gaxtepus cambl 3,1x10° men 3,8x10° KTB /r apanbiFblHIa aybITKbICA, OaybIphIHIA BUIFAIIBI CAMAFbIHAH
2,6x10> KTh /r-nan ackan oK. JKenGesekTepinmeri GaKTepusmapaslH TYKbIMABUIbIFEL 3x10° men 5x10° KTH/r.
apasbIFbIH  Kypazbsl. MUKpoOpraHusMaepaiH O6eJiHreH accolualisuiapbl Campo(UTTI KOHE IAPTThI MATOTEHII
OakrepusuiapaaH Typansl. 3eprrey OapbIChiHAA 0axTax MHUKPOOHOIICHO3BIHBIH CallalibIK KypaMbl OakblIay KoHE To-
xKipubenik Hyckanapna Lactobacillus, Aeromonas, Pseudomonas >xone Acinetobacter Herisri 4 TybICBIHaH Kypall-
FaHbl aHBIKTANIBL. bipak Lactobacillus TyBICEIHBIH OaKkTepUsIIaApBIHBIH CAHABIK apaKaTHIHACHI TOXKIPHOEIIK HYCKa-
Japa, aTan aiTKaHga TOXIpUOEHIH eKiHIII HYCKAChIHAA, OaKbUIayMeH jKoHEe TaKipuOeHiH Oacka HyCKalaphIMEH
CaNBICTHIpFaHIa dJIeKalaa skoFrapel Oonasl. baxTtax MuKpodQopaceiHIa aTanFaH TybIC eKingepiHeH Oacka Micro-
coccus, Sarcina, Bacillus, Enterobacter, Escherichia, Serratia, Proteus >xone Vibrio Tybic ekiiuepi ae opTypii KaTbl-
Hacrta ke3necti.JKypriziiren 3eprreyiiep OapbIChIHIA aJbIHFAH HOTIDKEIEP ©CY KOPCETKIIITEPIH apTThIPyFa JKOHE
OasnbIKTapAbIH (U3MOJIOTHSUIIBIK XKaFIaiibIH THICTI JeHreiae ycrayra MmyMkinaik oeperin Chlorella vulgaris Mukpo-
Oannpipnap HeriziHge 6axTax OaybIKTaphl YIIIH Kypama »XeM KypamblHa jKeMJIK KOCla PeTiHJE EHTi3yli YChIHYyFa
MYMKIH/IK Oepe/i.

Tyiiin ce3nep: Chlorella vulgaris, kyObuiMaibl 0axTax, OHOJIOrHSIBIK OeNICeH Al Kocta, MUKpodIiopa.
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HCCJIIEJOBAHME BJIMSIHUSI BUOJTOTHYECKH AKTUBHOU AOBABKH
HA OCHOBE MUKPOBOJOPOCJIEN HA POCT U MUKPO®JIOPY PANYKHOU ®OPEJIN

Annoranus. llenpro Hactosmeld pabOTHl SBUIOCH M3YYCHHE BIHMSHUS OMOJOTMYECKH AKTHBHOW KOPMOBOWM
JI00AaBKY Ha OCHOBE MHUKPOBOOPOCIICH Ha MapaMeTPhl POCTa U MUKPOGUIOpY phIO. BBISBIEHO, UYTO TEMIIBI POCTA PHIO
HATIPSMYFO 3aBUCEIH OT KOJIMYECTBA CYCIICH3UHM XJIOPEIUTHI B KOpMe. BBICOKHMII MPUPOCT JUIMHBI U Macchl (openn
HaOIIOHaJCs B BapHaHTe C MOOABICHUEM CYCIIEH3WH XJIOpEUTsl B 00bemMe 10 MI/KT IO CpaBHEHHIO C OCTATbHBIMH
BapHaHTaMHM HAIIETO YKCIIEPUMEHTA. B KOHIIE ONbITa B BapUaHTE C A00aBICHUEM CYCIIEH3HH XJIOPEILIbl B KOJIHYECT-
Be 10 mi/kr mpupocT Macchl (openn coctaBmi 112,7, a B KOHTPOIBHOM H B ONBITHBIX BapHaHTaX C JOOaBICHHEM
CYCIICH3UH XJIOpEJUIbl B 00beMe 5 W 15 MII/Kr, 3TH IOKas3aTenud COCTABHIM cOOTBeTcTBeHHO 98,2, 97,5, u 99,6.
BbDKHBaEeMOCTh pbIO B EPHOJ MCCIIEA0BAHUI COXPAHSIIACh HA BHICOKOM YPOBHE BO BTOPOM OIBITHOM BapHaHTE H
cocraBuina 100 %. BepkuBaeMocTs B KOHTPOJIBHOH Tpymme coctaBmia 97 % u B mepBoM Bapuante — 97,7 %. B
TPETLEM BapHUAHTE OIlbITa, HCCMOTPA Ha 3HAYUTCIIBHO BI)ICOKI/II\/II IMpUPOCT poOCTa, BBDKUBAECMOCTDH pI)I6 COoCTaBuJIa
96,5%. B03MOXHO 3TO CBSI3aHO, C TEM YTO B YCJIOBUSAX M30BITOYHOTO MOCTYIUICHHH CYCIICH3UM XJIOPEIUIBI B CPEILY
OoOWTaHWS W MPHU HE TOJIHOM €€ YCBOCHHH phIOaMH HAOIIOJAcTCs BBICOKOC PAa3MHOMKEHHE MHKPOBOIOPOCICH B
BOJHOM cpene. [IpoBeieH KOMMYEeCTBCHHBIN 1 KaUeCTBCHHBIH aHAIN3 MUKPOQIIOPHI paayKHOU (Goperr B KOHTPOIb-
HOM U OTBITHBIX BapuaHTtax. [Togcuer OMU B opranax ¢opesiu B KOHTPOILHOM BapHaHTE MOKA3al, YTO B KUIIECYHHU-
KE KOJIMYEeCTBO OakTepuil KojeOiercs oT 2,1x10° mo 3,8x10° KOE /r. BakrepuanbHas 00CEMEHEHHOCTh TCUCHH
OblIa He3HAUNTENbHOI, mokasaTenms OMUY pasen He Gonee uem 1x10% KOE en/r BmaxkHoro Beca. O6CeMEHEHHOCT
%abp cocrabmma oT 2,1x10* 10 3x10° KOE /r. B ombITHBIX BapHaHTax ¢ go6asienuem cycrensun Chlorellavulgaris
nokazarernst OMY pa3muYHBIX OpraHoB (POpPENH HE CYIIECTBCHHO OTIMYAIOTCS OT TAKOBBIX KOHTPOJIHHOTO BApUAHTA.
B KHIIEYHHKE KONMYECTBO OakTepuii komebiercs ot 3,1x10° o 3,8x10° KOE /r, B medenn He Gonee dem
2,6x10? KOE /r Bnaxuoro Beca. OGceMeHeHHOCTB kabp coctamia ot 3x10° 1o 5x10° KOE/r. BeigeneHusie acco-
[UAIlMd MHUKPOOPTaHW3MOB COCTOSAT KaK W3 CampO(pUTHBIX, TaK U W3 YCIOBHO-NIATOTCHHBIX OakTtepuii. B xome
WCCIICIOBAHMIA YCTAaHOBJICHO, YTO KaYECTBEHHBIH COCTaB MHKpOOMOIIeHO3a (hOopeir Kak B KOHTPOJIBHOM, TaK U B
OTIFITHOM BapHaHTaX IMpeJCcTaBlIeH 4 OCHOBHBIMU poxaMu Lactobacillus, Aeromonas, Pseudomonas n Acinetobacter.
Ho umcnenHoe cootHomenue O6akTepun pona Lactobacillus OGbI0 HAMHOTO BBIIIEC B OINBITHBIX BapHaHTaX, B YaCT-
HOCTH BO BTOPOM BapHaHTE OIIbITA, [I0 CPABHEHUIO C KOHTPOJIEM U OCTAIBLHBIMH BapHaHTaMu ombita. Kpome mpen-
CTaBUTEJCH MMEePEYnCIICHHBIX POJIOB, B MUKpoduiope (opesn B Pa3HOM COOTHOILICHUH BCTPEYAIHCh TAKKE MPeAcTa-
BUTENHN pooB Micrococcus, Sarcina, Bacillus, Enterobacter, Escherichia, Serratia, Proteusn Vibrio. Ilomy4deHHbIe B
XOJIe TIPOBEICHHBIX MCCIIEOBAHUI PE3ybTaThl MO3BOJIAIOT PEKOMEH/IOBATh BBEIICHUE B COCTAB KOMOMKOPMOB JIJIst
(dopeneBbIX pbIO KOPMOBOH 100aBKM Ha OCHOBe MuKpoBogopociein Chlorellavulgaris, mO3BOJSIONICH MOBBICUTH
MoKa3aTesy POCTa U MOANCPKUBATh (PU3UOJOTHUSCKOE COCTOSIHUE PHIO HAa COOTBETCTBYIOIIIEM HOPMaM YPOBHE.

Kirouessie cioBa: Chlorella vulgaris, panyxnas gopens, Onosorinyeckast akTuHas 1o06aBka, MUKpodiopa.
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