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Under conditions of intensive fish cultivation, phytobiotic consumption will neutralize such phenomena as a
decrease in the immune and antioxidant status of the body, an increase in productivity by improving consumption,
digestibility, assimilation of feed, normalization of intestinal microflora, and homeostasis in general. The purpose
of this work was to evaluate the influence of the phytobiotic "Probiocid-Phyto" on the growth performance and
gut microbiome of common carp (Cyprinus carpio). The inclusion of the phytobiotic "Probiocide-Phyto" in the diet
of fish had a productive effect on the growth of fish, for eight weeks of the experiment there was recorded an
increase in fish weight relative to the control up to 17.3 % (P<0.05). An analysis of the composition of the intestinal
microbiota showed that changes in the ratio of the main groups of microorganisms may be one of the factors
contributing to the rapid growth of fish. The introduction of Probiocide-Phyto into the diet of fish contributed to
an increase in the intestinal microbiota of bacteria of the taxa Pseudomonadota and Bacteroidota by 17.2% and
10.7%, respectively. The main changes in the intestinal microbiota of fish were associated with changes in the
number of bacteria of genus Aurantimicrobium (- 23%), unclassified_Bacillota (- 10.1%), genus Polynucleobacter
(- 17.3%), genus Aeromonas (+ 33.1%) and genus Pseudaeromonas (+ 5.97%). A decrease in the number of
bacteria was noted in the classes unclassified_Bacillota, Betaproteobacteria and Actinomycetota.
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INTRODUCTION

The effectiveness of fish cultivation depends on many factors related to both
its content and feeding. At the present stage of aquaculture development, the
question of using plant-based feed additives (phytobiotics) as a substitute for
synthetic antibiotics in fish feeding is increasingly being raised. However, the
effectiveness of their use should be justified.The factors determining the relevance
of the use of phytobiotics include the fact that their global use as an alternative to
various antimicrobial drugs will not only protect the health and maximize the
productivity of animals, but will also provide a solution to public health problems
and improve food safety by food safety, by eliminating the cumulative effects of
antibiotics in animal products (Kiczorowska et al., 2016).

Phytobiotics contain plant complexes with antimicrobial, antiviral, antifungal,
anti-inflammatory, as well as immunomodulatory and growth-stimulating
properties, which allows to minimize medication, including the load of antibacterial
drugs (antibiotics) on the fish organism. It has been established that a number of
phytobiotics contribute to an increase in the overall resistance of the organism,
normalization of the intestinal microflora, and an increase in productivity due to
better digestibility of feed nutrients. However, it should be noted that the number
of phytobiotic preparations is growing every year and a detailed study of their
properties and the possibility of using them in fish feeding is necessary.

Medicinal plants have been used all over the world to prevent and treat
human and animal diseases for centuries. Common wormwood (Artemisia vulgaris),
eleutherococcus prickly (Eleutherocdccus senticdsus), yellow milkwort (Polygala
rugelli), rhodiola rosea (Rhodiola rosea L.), echinacea purpurea (Echindacea
purpurea), laminaria japonica (Laminaria japonica Aresch.), milk thistle (Silybum
marignum) and many other plants have proven to be antimicrobial agents.
Numerous literature sources note that the essential oils of oregano (Origanum
vulgare) and lemongrass (Cymbopogon flexuosus), as well as citric and lactic acids,
are able to exert an antibacterial effect and modulate the intestinal microbiota (Busti
et al., 2020; Rashidian et al., 2021; Sun et al., 2021; Chowdhury et al., 2023). In this
regard, the production of more productive and healthy fish should include the
assessment of changes in the composition of the intestinal microbiota as one of
the priorities in dietary adjustment. The gut microbiome plays an important role in
the functioning of the whole organism (Zhang et al., 2020; Wang et al., 2021).

Based on the above, the aim of our study was to evaluate the effect of
phytobiotic "Probiocid-Phyto" on growth performance and on the intestinal
microbiome of carp.

MATERIALS AND METHODS

Animals

The research was conducted in the conditions of the aquarium stand of the
«Biotechnology of animal raw materials and aquaculture» Department of the
Orenburg State University. The research objects were carp yearlings reared under
the conditions of LLC «Irikla-fish» (Russia, Orenburg). Two groups (n=20) were
formed to conduct research by the method of pairs of analogues: control and
experimental. The fish of the control group received the main diet (OR) - compound
feed "KRK-110" of JSC "Orenburg Feed Plant" (Russia, Orenburg), and the
experimental group additionally included the phytobiotic "Probiocid-Phyto" in a
dosage of 2 g/kg of feed. The main diet was KRK-110-1 fodder produced by
Orenburg Feed Mill (Russia, Orenburg). Phytobiotic feed additive «Probiocid-
Phyto» was produced by BIOTROF Ltd.

The daily feeding rate was determined weekly depending on fish weight,
water temperature and dissolved oxygen values. Feeding was carried out 6 times
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a day. Live weight was monitored weekly by individual weighing in the morning
before feeding during the reference period.

Animal care and experimental studies were carried out in accordance with
the instructions and recommendations of Russian regulations (1987; Order of the
Ministry of Health of the USSR No. 755 of 12.08.1977 "On measures to further
improve organizational forms of work using experimental animals") and "Guide for
the Care and Use of Laboratory Animals" (National Academy of Sciences, 1996).
During the research, measures were taken to ensure a minimum of animal suffering
and to reduce the number of experimental samples studied.

Hematological analysis

Morphological and biochemical parameters of blood (hemoglobin (Hb), red
blood cells (RBC), white blood cells (WBC), glucose (GLU), total protein (T-Prot))
were evaluated according to standard methods using an automatic hematology
analyzer URIT-2900 Vet Plus (URIT Medial Electronic Co., China) and an automatic
biochemical analyzer CS-T240 (Dirui Industrial Co., Ltd., China) with using
commercial biochemical kits for veterinary medicine (DIAKONDS, Russia; Randox
Laboratories Ltd, UK).The results obtained in the studies were processed using the
software package “Statistica 10.0,” including the determination of the arithmetic
mean (M), the standard error of the mean (m). Differences at p < 0.05 were
considered significant. To create an illustration, we used MS Office Excel.

Extraction of total DNA bacteria and archaea

Samples were homogenised on a TissueLyser LT (Qiagen, Hilden, Germany)
with a Lysing Matrix Y (MP Biomedicals, Solon, USA). DNA extraction from samples
was performed using QlAamp Fast DNA Stool Mini Kit (Qiagen, Hilden, Germany)
according to the manufacturer instruction. The quality of the extracted DNA was
assessed with electrophoresis in 1% agarose gel and a Nanodrop 8000 (Thermo
Fisher Scientific, Waltham, MA, USA). The DNA concentration was quantified using
a Qubit 4 Fluorometer (Life Technologies, Carlsbad, CA, USA) with dsDNA High
Sensitivity Assay Kit (Life Technologies, Carlsbad, CA, USA).

Preparation, sequencing and bioinformation
processing of DNA

Preparation of the DNA libraries was performed according to the lllumina
protocol (Part #15044223, Rev. B.) with primers targeting the V3-V4 regions of the
SSuU ribosomal RNA  (rRNA) gene, S-D-Bact-0341-b-S-17 (5'-
CCTACGGGNGGCWGCAG-3’) as the forward primer and S-D-Bact-0785-a-A-21
(5"-GACTACHVGGGTATCTAATCC-3’) as the reverse primer. The reaction mixture
(25 pL) contained both primers, 0.2 uM each; 80 uM dNTPs; 0.2 U Q5 High-Fidelity
DNA Polymerase (New England Biolabs, Ipswich, MA, USA). The Following PCR
program was used: 95 °C for 3 min, 25 cycles; 95 °C for 30 s, 56 °C for 30 s; 72 °C
for 30 s; final extension 72 °C for 5 min. The DNA libraries were cleaned up using
Agencourt AMPure XP beads (Beckman Coulter, Brea, CA, USA) and were
validated with capillary electrophoresis on a Qiaxcel Advanced System (Qiagen,
Hilden, Germany) using the QlAxcel DNA Screening Kit (Qiagen, Hilden, Germany).
Paired-end 2 x 251 bp sequencing was performed on the MiSeq platform (lllumina,
San Diego, CA, USA) with the Reagent Kit v.2 (lllumina, San Diego, CA, USA).

DNA libraries preparing, sequencing and bioinformatics treatments were
performed in the Center of Shared Scientific Equipment “Persistence of
microorganisms” of Institute for Cellular and Intracellular Symbiosis UrB RAS
(Orenburg, Russia). All stages of preparation, sequencing and bioinformatic
processing of DNA libraries are performed according to the previously described
methodology (Sizova et al., 2022).
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Ethics Statement
The Local Ethics Committee of the Orenburg State University, Orenburg,
Russia, has approved the report about this research.

Statistical analysis

The resulting OTUs, after filtering and assigning taxonomic affiliations, were
used to calculate alpha (chao1, Fisher’s alpha, - statistical method: ANOVA) and
beta (ordination method: NMDS; distance method: Bray-Curtis index; statistical
method: PERMANOVA) diversity.

RESULTS

The inclusion of the phytobiotic "Probiocide-Phyto" into the diet of fish had
a productive effect on the growth of fish starting from the fourth week of the
experiment. We found an increase in fish weight relative to control: on the fourth
week - by 11% (P<0.05), on the fifth week - by 11.1% (P<0.05), on the sixth week
- by 17.3% (P<0.05), on the seventh week - by 12.1% (P<0.05), and on the eighth
week - by 9.9% (P<0.05) (Table 1).

To assess the functional state of the fish organism, an analysis of
hematological blood parameters was carried out (Table 2). The number of
leukocytes in the experimental group was 55.05% lower than the control (P<0.001).
Hemoglobin and erythrocyte counts had no significant differences between the
groups, while the number of erythrocytes in the experimental group was 27.45%
lower than the control. The experimental group recorded an increase in glucose
levels by 45.16% (P<0.01) and total protein by 8.81% compared to the control
values.

As a result, 39,729 and 47,359 reads were obtained for control and
experimental groups, which corresponded to 56 and 46 OTUs. Based on the
obtained sequences and OUT, the discharge curves were constructed (Figure 1).

A study of the intestinal microbiota of the control fish showed that the main
taxa at the phylum level were Pseudomonadota and Actinomycetota, which
accounted for more than 70% of the total number of bacteria (Figure 2). Among
small groups, bacteria of the phyla Bacillota (15%) and Bacteroidota (11%) were
noted.

The main number of classified microorganisms belonged to the classes
Actinomycetes,  Betaproteobacteria,  unclassified_Bacillota,  Chitinophagia,
Alphaproteobacteria and Gammaproteobacteria. The dominant group of bacteria
at the genus level were microorganisms belonging to the classes
Betaproteobacteria and Actinomycetes (Figure 3).

The introduction of Probiocide-Phyto into the diet of fish contributed to an
increase in the intestinal microbiota of bacteria of the taxa Pseudomonadota and
Bacteroidota by 17.2% and 10.7%, respectively. The increase in the number of
these phyla was directly related to the increase in the number of representatives of
the classes Chitinophagia and Gammaproteobacteria. A decrease in the number of
bacteria was noted in the classes unclassified_Bacillota, Betaproteobacteria and
Actinomycetota (Figure 2).

The main changes in the intestinal microbiota of fish were associated with
changes in the number of bacteria of genus Aurantimicrobium (- 23%),
unclassified_Bacillota (- 10.1%), genus Polynucleobacter (- 17.3%), genus
Aeromonas (+ 33.1%) and genus Pseudaeromonas (+ 5.97 %) (Figure 3).

Calculations of alpha diversity indices showed greater richness and
abundance of taxa in the intestinal microbiota of control fish (Table 3).

Analysis of PERMANOVA (Figure 4) to assess beta diversity did not show
any cardinal differences in the organization of bacterial communities in the
intestines of fish from the control and experimental groups (p-value = 0.03).
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Table 1 Dynamics of fish growth, g

Week of the accounting period Control Experimental

The beginning of the Experiment 15.0+1.2 151 +1.2
1 17.3+1.4 174 +£1.3
2 206 £ 1.7 20.7+1.6
3 23.8+2.0 24.8+1.9
4 26.3+24 29.2 +2.5*
5 30.6 = 3.1 34.0 £ 3.1*
6 34.6 £ 3.7 40.6 + 3.6*
7 40.6 + 4.2 455 £ 4.2*
8 47.7 £ 4.7 524 £ 4.7

Note: * - P<0.05 compared to the control group

Table 2 Hemato-biochemical parameters of Cyprinus carpio

Blood parameters

RBC g T-Prot

Hb (g/dL) (x102/L) WBC (x10°/L) GLU (mg/dL) (g/dL)
Control 11.5+0.8 0.51+0.05 99+5.5 104.04+ 2.34 2.78+0,1
Experimental 10.1+£0.7 0.37+0.07 44.5+5.0" 151.02+5.3* 3.03+0,2

Note: ** - P<0.01; *** - P<0.001 compared to the control group

Table 3 Indices of alpha diversity of the intestinal microbiota of fish from the control and experimental
groups

Index Group . P-value
Control Experimental
chaot 18.6 13 0.14
Fisher’s alpha 1.85 1.43 0.12
20- a
a
" b
5 a
2
~
g b
3
A
0 5000 10000 15000 20000

Sequence Sample Size

Figure 1 Sequence-based resolution curves for gut microbiota samples of control (a) and

experimental (b) groups
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Figure 2 Relative abundance (% of all reads), at various taxonomic levels, A, of identified
microorganisms in the gut of control fish; B, of identified microorganisms in the intestines of fish

that received Probiocide-Phyto as part of the diet. *Other - taxa, the number of each of which
did not exceed 2% of the total number of identified microorganisms
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Figure 4 Beta diversity of gut microbits in fish of study groups using the PERMANOVA statistical
method, non-metric multivariate scaling, and Bray-Curtis dissimilarity. K - control group; P -
group that received the phytobiotic supplement "Probiocide-Phyto" in the diet.
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DISCUSSION

The inclusion of a phytobiotic in the diet of fish had a positive effect on the
intensity of growth, which may be due to the fact that the phytobiotic "Probiocide-
Phyto" contains essential oils in its composition that may improve digestion and
metabolism in the body, and which is confirmed by the data on the positive effect
of phytobiotics on growth and fish health (Estaiano de Rezende et al., 2021).

A wide range of studies in the field of fish production (Safari et al. 2018;
Godrati et al., 2021) highlight the relationship between industrial products and
hematological indicators. The established decrease in the number of leukocytes in
the experimental group may indicate a low level of inflammatory processes in the
body of fish. An increase in blood glucose levels manifests itself in the form of
analgesic metabolism and assimilation of nutrients from fish feed (Kondera et al.,
2020; Gayed et al., 2021).

In general, the results obtained indicate a positive effect of the phytobiotic
"Probiocid-Phyto" on the growth and metabolism of carp. Modern fisheries
consider fish health in close relationship with the effective functioning of the
intestinal microbiota (Rimoldi et al., 2018; Messina et al., 2023). Analysis of the gut
microbiota of carp showed the predominance of four taxa: Pseudomonadota,
Actinomycetota, Bacillota and Bacteroidota, which is similar to the results of other
studies and shows a high relationship with the diet used in nutrition (Ke et al., 2020;
Fan et al., 2022; Wasiu et al., 2023).

The use of phytobiotics in the fish diet stimulated an increase in the number
of mainly gram-negative microflora in the intestine. The microorganisms of the
Pseudomonadota phylum were the most responsive, their number increased
markedly. The most pronounced increase was noted in the number of P.
Aeromonas bacteria, some representatives of which are pathogens of fish
(Hayatgheib et al., 2020). Similarly, the most significant decrease in the number of
microorganisms was observed in the taxon Actinomycetota. Such changes are of
interest since changes in the number of these taxa are associated with the
development of inflammatory reactions in the intestine and a decrease in the level
of beneficial metabolites produced by microorganisms (Litvak et al., 2017; Shelton
et al.,, 2020; Sarmiento-Vizcaino et al., 2021). In our study, there was no
deterioration in the physiological parameters of fish, but an increase in the number
of bacteria in the intestines of fish, which are markers of inflammation in the
intestine, which suggests that there are no negative consequences of an increase
in the number of genus Aeromonas in the microbiota. The absence of negative
consequences of the increase in genus Aeromonas bacteria is probably due to the
ability of individual components of the Probiocide-phyto phytobiotic to suppress
their metabolic activity (Hayatgheib et al., 2020).

A number of studies have shown that the change in the number of
microorganisms in the intestinal microbiota of the Bacillota phylum correlates with
changes in growth indicators in fish. In mammalian studies it was shown that
indicate that high energy absorption in the intestine are associated with an increase
in the number of bacteria of the taxon Bacillota and a decrease in the number of
microorganisms of the phylum Bacteroidota (Li et al., 2013; Magne et al., 2020; Fan
et al.,, 2022). In the study on the model of the white cupid (Ctenopharyngodon
idella), it was shown that in the group with a high weight gain, there was a decrease
in the values of the Bacillota/Bacteroidota ratio and lower values of alpha diversity
than in the fish in the group with a low weight gain (Wang et al., 2020). It is assumed
that microorganisms of the Bacteroidota phylum may be an important factor in
increasing the digestibility of nutrients and increasing weight gain. Similarly, in our
studies, a decrease in the values of the Bacillota/Bacteroidota ratio and alpha
diversity indices was accompanied by an increase in fish growth rates.

Inclusion of phytobiotic "Probiocid-Fito" in the dosage of 2 g/kg feed in carp
diet as an alternative to antibiotics promotes the increase of general resistance and
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normalization of intestinal microflora, which in tum improves productivity due to
better assimilation of feed nutrients.
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