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Abstract. The system analysis of the phytobiotic “Probiocid®-Phyto” and
zinc ultradispersed particles (Zn UDP) effect on growth dynamics,
chemical composition of muscle tissue and structural microbiome of the
common carp gut (Cyprinus carpio) was carried out in this article. The use
of modern genetic methods of investigation (polymerase chain reaction
with specific 16S prokaryotic primers and with Nextera XT protocol
adapters and indices) allowed to determine that the main phylogenetic
groups entering the intact group gut microbiome are Proteobacteria (40.49
%), Actinobacteria (28.67 %), Firmicutes (19.01 %) and Bacteroidetes
(10.28 %). The most significant effect on the carp microbiome was exerted
by Zn UDP, which was expressed by an increase in the specific weight of
two types — Proteobacteria 66.64 % and Fusobacteria - 31.18 %, while in
the bivalent application group the biodiversity of types was represented as
follows: 57.08 % — Proteobacteria, 14.17 % — Firmicutes, 11.86 % —
Actinobacteria, 7.85 % — Fusobacteria and 7.43 % — Bacteroidetes. The
most significant effect of the preparations on the carp productivity was
observed when the compared preparations were fed together; in this case,
by the end of the experiment, the increase in carp live weight was 18.45 %.
The research allows recommending the combined use of “Probiocid®-
Phyto” (2 g/kg feed) and Zn UDP (10 mg/kg feed) as growth activators for
common carp (Cyprinus carpio).

1 Introduction

The symbiotic microbiota has a significant impact on the host organism. In this case, one of
the main roles in the organism functioning is played by the intestinal microflora, which
provides not only metabolic processes and is involved in the formation of humoral
immunity and also allows the host to cope flexibly with changing environmental conditions.
The biodiversity of the intestinal microbial community is influenced by a variety of factors.
The microbiome is significantly influenced by nutrition, metabolic rate and host life stage.

The species diversity of gastrointestinal tract microorganisms is represented by different
microbial communities (microbiome) which are unique to the host symbiont, driven by
taxonomic, ecological, phylogenetic and dietary characteristics [1]. In aquaculture
vertebrates, the structural microbiome is significantly influenced by environmental
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interactions, the degree of digestion, the nutritional and energy value of feed components.
A number of studies provide evidence that during the initial post-embryonic stage, the host
fish body is virtually sterile and the structural gut microbiome is formed as a result of the
initial colonization by environmental microorganisms, that in turn could be hypothesized to
form the gut microbial community by regulating environmental factors. The science has
accumulated extensive data on the marked dependence of microbiome biodiversity on
environmental factors, both at the individual and population levels.

Host fish organisms demonstrates the autonomous selection of structural microbiota,
which is hypothesized to be due to the evolution of an innate and adaptive immune system
that regulates not only species diversity but also microbial population.

The analysis of the meta-analytical literature shows a marked species diversity of the
structural gut microbiome according to fish species, diet type (predators, omnivores,
herbivores), geographical distribution and environmental conditions [2]. However, it should
be noted that despite the biodiversity high level of the intestinal normoflora, some certain
groups of microorganisms are identified. These groups form the bulk of the biomass, such
as Proteobacteria, Bacteroidetes and Firmicutes, with dominant families, including
Vibrionaceae and Clostridiaceae, which are specific to all the studied aquaculture
representatives. It should be noted that dermal mucus communities are also dominated by
Proteobacteria and other less common types such as Bacteroidetes, Actinobacteria,
Firmicutes and Verrucomicrobia.

One of the main factors in the formation of the gut microbiome is the use of various

feed additives that can stimulate and inhibit the growth of microbes that have already been
found in the gut (residents). The response of gut residents can be related to both changes in
community structure and metabolic cascades associated with food breakdown. Bacteria and
enzymes specialized in the catabolism of complex carbohydrates may be present in
abundance in the early stages of digestion, creating products that can be used as energy by
different microorganisms in the later stages of digestion [3].
Based on the above, the objective was to assess the impact degree of phytobiotic
“Probiocid®-Phyto”, zinc ultradispersed particles (Zn UDP) preparation and their
combined use as feed additives on the gut microbiome, growth dynamics and chemical
composition of the muscle tissue of common carp (Cyprinus carpio).

2 Materials and methods

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"
(Orenburg region).

The scheme of the experiment

Four groups (n=20) were formed for the paired-analysis studies. After the preparatory
period (7 days) the groups were transferred to the conditions of the reference period (56
days). The control group received the basic ration (BR), the experimental group I - BR +
phytobiotic “Probiocid®-Phyto” in the amount of 2 g/kg of feed, group II - BR + Zn UDP
(10 mg/kg of feed), group III - BR + phytobiotic “Probiocid®-Phyto” (2 g/kg of feed) + Zn
UDP (10 mg/kg of feed).

The daily feeding rate was determined weekly depending on fish weight, water
temperature and dissolved oxygen values. Feeding was carried out 6 times a day. Live
weight was monitored weekly by individual weighing in the morning before feeding (+1 g)
during the reference period.
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3 Results and discussion

The main taxonomic groups of the fish gut microbiome of the control group (Fig. 1) were
Proteobacteria (40.49 %), Actinobacteria (28.67 %), Firmicutes (19.01 %) and
Bacteroidetes (10.28 %).
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Fig. 1. Phylogenetic Distribution of the Structural Gut Microbiome of the Study Groups

The main Proteobacteria are Polynucleobacter, Schlegelella and Pseudaeromonas,
which accounted for 17.56 %, 7.29 % and 4.96 % of the total biomass of the intestinal
microbiome. Actinobacteria are represented mainly by Aurantimicrobium (23.90 %),
Bacteroidetes genus Hydrotalea (7.66 %), respectively. It should also be noted that the
microbiome structure of the intact group contained a small amount (less than 1 %) of
Cyanobacteria, Ascomycota and Chytridiomycota.

Using the “Probiocid®-Phyto” feed additive the species diversity of the microbiome has
undergone some changes, as in the intact group, the basis of the microbiome consists of
Proteobacteria with 65.67 % (Fig. 2), represented mainly by the genera Aeromonas (38.41
%) and Pseudaeromonas (14.74 %).

Bacteroidetes accounted for 17.58 %, the species diversity of this phylogenetic group is
represented mainly by the genus Hydrotalea (17.48 %), that was 99.46 % compared to
65.72 % in the intact group. The level of Actinobacteria in the study group was 8.99 %,
while Aurantimicrobium accounted for only 1.32 %. The most abundant representative of
the Actinobacteria phylum is the Rubrobacter genus, accounting for 2.35 % of the total
intestinal population. Firmicutes accounted for 4.27 %. However, it should be noted that the
absence of Cyanobacteria, Ascomycota and Chytridiomycota was registered on the
background of “Probiocid®-Phyto” application.
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Fig. 2. Generic Distribution of Proteobacteria Representatives in the Structure of the Intestinal
Microbiome of the Studied Fish

The use of Zn UDP has a significant effect on the structural microbiome. The
Proteobacteria phylum, amounting to 66.64 % is represented mainly by genera Vibrio
(41.09 %) and Aeromonas (24.07 %) while in the intact group their level was 0.09 % and
2.12 %, respectively.

The second main difference from the intact group was the high percentage of
Fusobacteria, represented by the Cetobacterium genus, which accounted for 31.18 % of the
total number of identified microorganisms, against the complete absence of this
phylogenetic group in controls. It should also be noted the significant effect of Zn UDP
application on Firmicutes, amounting to only 0.51 %, Actinobacteria to 0.38 % and
Bacteroidetes to 0.48 %, respectively.

The combined use of “Probiocid®-Phyto” and Zn UDP has the closest to the intact
group distribution of the structural microbiome with a significant stimulation of the
individual representatives number of the microbial population. The main phylogenetic
groups accounted for 57.08 % of Proteobacteria, 14.17 % of Firmicutes, 11.86 % of
Actinobacteria, 7.85 % of Fusobacteria and 7.43 % of Bacteroidetes (Fig. 3).

The main representatives of Proteobacteria are Schlegelella genus, which accounted for
21.77 % of the total mass of identified microorganisms, Aeromonas - 11.05 %, Caulobacter
- 6.83 %, Lawsonia - 5.37 %, respectively
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One of the effectiveness criteria of “Probiocid®-Phyto”, Zn UDP and their combined
use as feed additives in carp ration was the evaluation of dynamometric indicators of
growth (table 1) and the determination of chemical composition.

Table 1. Growth dynamics of experimental fish on the background of the studied feed additives, g

Timing of | Group

measurements,

one week Control I II I
Background 15.0+1.2 15.1£1.2 15.1£1.0 15.0+1.3
measurement

1 17.3£1.4 17.4+1.3 17.4+1.3 18.2+1.5
2 20.6+1.7 20.7+1.6 21+1.8 22.2+1.8
3 23.842.0 24.8+1.9 25.4£2.0 26.7+£2.1
4 26.3+2.4 29.242.5 29.0+£2.7 30.9+2.7%
5 30.6+3.1 34.0£3.1%* 34.3+£3.2%* 36.4+3.3%
6 34.6+3.7 40.6+3.6* 39.9+3.7* 42.34+3.6*
7 40.6+4.2 45.544.2* 44.244.0* 48.844.1*
8 47.7+4.7 52.4+4.7* 52.5+4.6* 56.5+4.9%*
*p<0.05 - L, IL, I1I in comparison with control

The data presented in Table 2 show significant differences in growth rates in all studied
groups in relation to the same indicator of the intact group. Thus, against the background of
“Probiocid®-Phyto” application on the eighth week of the experiment, the experimental
group indicators exceeded the control values by 9.85 % (p<0.05), in the group with Zn
UDP by 10.06 % (p<0.05) and in the group of combined application of the tested additives
by 18.45 % (p<0.05), respectively. It should be noted that significant differences in
monovalent application were recorded from the fifth week of the experiment (p<0.05),
while bivalent application significantly increased weight from the fourth week of the study
(p<0.05).

The correlation analysis between the indicators of the main phylogenetic groups of
microorganisms isolated in the intestinal microbiome with growth dynamics and chemical
composition of muscle tissue of common carp showed a significant direct relationship
between the level of Proteobacteria with Verrucomicrobia, live weight, total mineralization
level (ash residue) (p<0.01), and Fusobacteria (p<0.05). There was also a significant
positive dynamic relationship between Fusobacteria and dry matter (p<0.05), Firmicutes
and Actinobacteria (p<0.01), Verrucomicrobia with live weight (p<0.01) and ash content
(p=0.05), Spirochaetes with fat content in muscle tissue (p<0.01) and Actinobacteria level
(p<0.05), Bacteroidetes with moisture content and protein in fish meat (p<0.05). Live
weight values had positive correlation indicators with protein concentration (p<0.05) and
ash (p<0.01) in the studied samples, the moisture level in muscle correlated with protein
content (p<0.05).

The analytical study also found significant negative correlations between Proteobacteria
with Spirochaetes (p<0.01) and fat content (p<0.05) in the samples studied, Fusobacteria
with Firmicutes, Spirochaetes, the moisture level (p<0.05), Actinobacteria and
Bacteroidetes (p<0.01). The inverse correlation was recorded between Firmicutes with ash
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content (p<0.05), Verrucomicrobia with Spirochaetes (p<0.05), Spirochaetes, the ash level
and live weight (p<0.01), Actinobacteria with ash content in tested samples (p<0.01). The
analysis of the relationship between the chemical parameters of meat and live weight
revealed an inverse relationship of dry matter content with moisture (p<0.05), fat with the
ash level, protein and live weight (p<0.01) in the samples obtained from fish of the
experimental groups.

Against the background of using feed additives, no reliably significant differences in the
chemical composition of muscle tissue were found in all the studied groups. It
hypothetically indicates that there is no effect on the nutritional value of fish meat. At the
same time, it should be noted that the application of the “Probiocid®-Phyto” and Zn UDP
combination significantly reduces the feed conversion ratio, which is one of the key
economic indicators in modern fish farming.

Summarizing the above, it should be noted that the use of feed additives “Probiocid®-
Phyto”, Zn UDP and their combination has a significant impact on the biodiversity level of
the gut microbiome, but it should be noted that in all studied groups the phylum
Proteobacteria is of key importance, ranging from 40.49 % to 66.64 %. It was also
experimentally determined that the bivalent use of the tested additives contributed to the
significant increase in the identified forms of microorganisms in all studied groups by 29.90
% relative to the intact group, by 42.86 % for “Probicide®-Phyto” and by 31.10 % for Zn
UDP, respectively. The presence of a significant biological effect against the
representatives of the phylum Cyanobacteria, Ascomycota and Chytridiomycota was
experimentally established, that in turn could hypothetically be due to the presence of a
significant antifungal action, as well as the stimulation of the body defence functions.

Discussion

Currently, the study of the intestinal microbiota has received much attention, due to the
fact that it, along with other physiologically relevant systems, is an integral part of any
living organism. Despite the large amount of bibliometric data, the information on the
microbiota of both animals and fish is scarce. Understanding the factors influencing the
species diversity of the digestive tract of the microbial community is necessary to manage
or improve the composition of the microbial community [4]. The structural microbiome of
the fish gut differs significantly from that of other animals and the microbial communities
of water and soil. Numerous studies indicate that the fish gut microbiome is dominated by
Proteobacteria, Firmicutes, Bacteroidetes, Actinobacteria and Fusobacteria types.
Developments in metagenomics and high-throughput amplicon sequencing technologies
have demonstrated that classical microbiological methods of microbiome studies cannot
reflect the overall biodiversity [5].

The representatives predominance of phylogenetic groups Proteobacteria, Fusobacteria,
Firmicutes and Bacteroidetes in the intestinal microbiota of freshwater fish promotes the
active decomposition of plant polymers, the fermentation of organic compounds, thus
providing the host with nutrients and energy. It should also be noted that a number of
microorganisms, although pathogenic for some fish species, can act as a probiotic
component for others, e.g. some members of the genus Aeromonas have pronounced
cellulose degrading characteristics, Cetobacterium are involved in production of
cyanoblamin and are abundantly present in the intestinal tract of Cyprinus caprio [6].

Bacteria of the genus Vibrio are the dominant facultative gut microbiota of a wide range
of marine fish. The ability of specific bacteria to occupy the attachment sites in the larval
intestine, preventing the reproduction and the colonization by opportunistic bacteria, is an
important protective mechanism, especially in the early larval stages when the immune
system is not yet fully developed. Vibrio populations in water have a greater influence on
the composition and structure of vibrio gut populations than those in feed (Blanch et al.
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2009). Several researchers have found that the presence of bacteria of the genus Vibrio
significantly increases the content of some primary metabolites such as thymine, adenine,
guanine, cafestol, cortisol, valine, proline, serine, lysine leucine, adenine, glutamine,
proline, piperidine, guanosine and propionic acid [7]. The occurrence of symbiotic bacteria
of the genera Bradyrhizobium and Mesorhizobium in the structural microbiome is usually
due to fish omnivorousness, as these genera are usually associated with the roots of plants
acting as food [8].

Dominant taxa contribute to the maintenance of the immune function and the metabolic
activity. The importance of metabolic properties is consistent with the functions of gut
bacteria in freshwater fish, which have shown relatively large numbers of genes related to
cofactor and vitamin metabolism, suggesting that the availability of essential nutrients in
the environment determines the choice of fish gut microbiota to correct for host nutrient
deficiencies [9].

Actinobacteria are well known to produce various secondary metabolites, many of
which are potent antibiotics. These bacteria are widespread in both terrestrial and aquatic
(including marine) ecosystems, especially in soils where they play a key role in recycling
refractory biomaterials through the decomposition and humus formation. However, this
type usually accounts for a small proportion of the bacterial sequences extracted from fish
guts involved in cellulose decomposition. The phylogenetic groups Firmicutes and
Bacteroidetes are the primary agents responsible for bacterial degradation of cellulose in
eutrophic habitats with neutral pH, whereas Actinobacteria dominate aerobic cellulose
degradation in sphagnum peatlands in acidic conditions (pH) from 3.5 to 5.5. Fibrobacter
spp. are the main cellulose-degrading bacteria in the rumen, while a similar function has
been established for Bacillus, Vibrio, Aeromonas and Enterobacter in the gut of white
amur. There is also evidence in the literature that Anoxybacillus, Leuconostoc, Clostridium,
Actinomyces Streptococcus and Prevotella have cellulose-degrading activity [10].

The presence of Nitrobacter, Rhodobacter and Roseomonas in the structure of the
intestinal microbiome ensures the active degradation of nitrates and pesticides. The
members of the genus Paludibacter possess enzymatic metabolism and can break down
oligofructose (raftylose P95), the genus Planctomycetes is involved in the polysaccharides
degradation, Cyanobacteria are an important food source for some fish species, in predatory
fish, Chitinophagales are involved in the degradation of chitin and some organic
substances, Lactobacillus are actively involved in the breakdown of polyunsaturated fatty
acids, contribute to glucose and lipid metabolism in the host fish [11].

In our study it was found that the use of phytobiotic “Probiocid®-Phyto” and Zn UDP
as feed additives, both as a single component and as their complex, has a significant effect
on the species diversity of the gut structural microbiome of common carp (Cyprinus
carpio). Thus, in the intact group the major types forming the normoflora are Proteobacteria
(40.50 %), Actinobacteria (28.67 %), Firmicutes (19.07 %) and Bacteroidetes (10.28 %)
while the phylogenetic group of Proteobacteria was represented mainly by genera
Polynucleobacter and Schlegella which comprised 17.56 % and 7.29 %, respectively.
Actinobacteria is mainly represented only by the genus Aurantimicrobium, accounting for
23.90 % of the total number of identified species. The type Firmicutes is represented by
unclassified group Firmicutes constituting 15.61 % from all biodiversity of intestine. The
genus Hydrotalea belonging to the phylum Bacteroidetes constituted 7.66 %. It should be
noted that the populations inhabiting the intestine also included Cyanobacteria,
Ascomycota, Chytridiomycota and Fungi incertae sedis [12].

Against the background of the “Probiocid®-Phyto” application there was a slight
decrease in intestinal biodiversity by 14.58 % relative to the intact group, mainly due to the
suppression of Cyanobacteria, Ascomycota, Chytridiomycota and Fungi incertae sedis.
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Here we should note, that the maximal colonization rate of intestine, as well as in controls,
was registered in phylum Proteobacteria (65.67 %) represented mainly by genera
Aeromonas (38.41 %) and Pseudaeromonas (14.74 %). The second most numerous
phylogenetic group is Bacteroidetes (17.58 %), represented by the genus Hydrotalea, which
comprised 99.46 % of the total number of isolated representatives of this type. Among the
main types, Actinobacteria (8.99 %), represented by genera Corynebacterium (1.90 %),
Aurantimicrobium (1.32 %), Micrococcus (1.67 %) and Rubrobacter (2.35 %) should also
be noted [13].

The maximum differences in species diversity were recorded in the experimental group
in which Zn UDP were included in the diet. The Proteobacteria type (66.64 %) was
represented mainly by the genus Vibrio and it comprised 41.09 % of the total number of
species isolated, that is radically different from the figures of other groups, where
representatives of this genus constituted from 0.09 % to 1.61 %, the second most numerous
genus in this phylum was Aeromonas (24.07 %). Also we should note high percentage of
Fusobacteria representatives (31.18%) represented by genus Cetobacterium (31.17%),
which is one of the main differences from the intact group in samples of intestines of which
this phylogenetic group was absent. The other groups accounted for less than 1% each [14].

The combined application of “Probiocid®-Phyto” (2 g/kg food) and Zn UDP (10 mg/kg
food) had the most beneficial effect on the formation of structural microbiome without
cardinally significant changes in the indicators of biological diversity of the main
phylogenetic groups in comparison with the intact parameters, that along with maximum
growth dynamics indexes (p<0.05) and minimal differences in chemical composition of
muscle tissue, manifested only by reliably significant decrease of fat level by 16.36 %
(p=0.05), allows to recommend this complex as a growth activator in conditions of
commercial carp (Cyprinus carpio) feeding. The species diversity of identified gut
microorganisms of this group was represented by Proteobacteria (57.08 %), Firmicutes
(14.17 %), Actinobacteria (11.86 %), Fusobacteria (7.85 %) and Bacteroidetes (7.43 %). It
should also be noted that this group has the highest rate of isolated specimens, exceeding
the intact values by 42.65% [15].

4 Conclusion

Summarizing the above, it should be noted the presence of positive growth dynamics in all
experimental groups in relation to the intact indicators (p<0.05), which hypothetically may
be due, firstly, to the presence of significant inhibitory effect of compounds tested in the
experiment in relation to individual representatives of microbiome Cyanobacteria,
Ascomycota, Chytridiomycota and Fungi incertae sedis, that in turn may indicate the
presence of antifungal action. Secondly, this positive effect of the studied food additives in
activating fish growth indices can be caused by disturbance of intercellular communication
(Quorum Sensing) of separate representatives of the microbial community, which results in
higher adaptation and antagonistic characteristics (determined by resistance to the tested
food additives) of other microbiome species with higher metabolic and enzymatic activity
indices.

5 Acknowledgements

The research was made with the financial support of the Russian Science Foundation, grant No. 22-
26-00281



E3S Web of Conferences 462, 01002 (2023) https://doi.org/10.1051/e3scont/202346201002

AFE-2023

References

1.

10.

11.

12.

13.

K. C. Bierlich, C. Miller, E. DeForce, A. S. Friedlaender, D. W. Johnston, A. Apprill,
Temporal and Regional Variability in the Skin Microbiome of Humpback Whales
along the Western Antarctic Peninsula. Applied and environmental microbiology,
84(5), €02574-17 (2018) doi.org/10.1128/AEM.02574-17

K. Budd, J. C. Gunn, T. Finch, K. Klymus, N. Sitati, L. S. Eggert, Effects of diet,
habitat, and phylogeny on the fecal microbiome of wild African savanna (Loxodonta
africana) and forest elephants (L. cyclotis). Ecology and evolution, 10(12), 5637-5650
(2020) doi.org/10.1002/ece3.6305

J. R. Cole, Q. Wang, J. A. Fish, B. Chai, D. M. McGarrell, Y. Sun, C. T. Brown, A.
Porras-Alfaro, C. R. Kuske, J. M. Tiedje, Ribosomal Database Project: data and tools
for high throughput rRNA analysis. Nucleic acids research 42(Database issue), 633—
642 (2014) doi.org/10.1093/nar/gkt1244

S. da Silva Giindel, M. E. de Souza, P. M. Quatrin, B. Klein, R. Wagner, A. Giindel, R.
A. Vaucher, R. Santos, A. F. Ourique, Nanoemulsions containing Cymbopogon
[flexuosus essential oil: Development, characterization, stability study and evaluation of
antimicrobial and antibiofilm activities. Microbial pathogenesiss, 118, 268-276 (2018)
doi.org/10.1016/j.micpath.2018.03.043

R. C. Edgar, UPARSE: highly accurate OTU sequences from microbial amplicon
reads. Nature methods, 10(10), 996-998 (2013) https://doi.org/10.1038/nmeth.2604

R. C. Edgar, UCHIME2: improved chimera prediction for amplicon sequencing
bioRxiv, 074252 (2016) doi.org/10.1101/074252

S. Egerton, S. Culloty, J. Whooley, C. Stanton, R. P. Ross, The Gut Microbiota of
Marine Fish. Frontiers in microbiology, 9, 873 (2018)
doi.org/10.3389/fimicb.2018.00873

J. J. Eichmiller, M. J. Hamilton, C. Staley, M. J. Sadowsky, P. W. Sorensen,
Environment shapes the fecal microbiome of invasive carp species. Microbiome, 4(1),
44 (2016) doi.org/10.1186/s40168-016-0190-1

G. Estruch, M. C. Collado, D. S. Pefiaranda, A. Tomas Vidal, M. Jover Cerda, G. Pérez
Martinez, S. Martinez-Llorens, Impact of Fishmeal Replacement in Diets for Gilthead
Sea Bream (Sparus aurata) on the Gastrointestinal Microbiota Determined by
Pyrosequencing the 16S rRNA Gene. PloS one, 10(8), e0136389 (2015)
doi.org/10.1371/journal.pone.0136389

C. S. Fortunato, L. Herfort, P. Zuber, A. M. Baptista, B. C. Crump, Spatial variability
overwhelms seasonal patterns in bacterioplankton communities across a river to ocean
gradient, The ISME journal, 6(3), 554-563 (2012) doi.org/10.1038/ismej.2011.135

S. T. Wang, X. Z. Meng, Y. F. Dai, J. H. Zhang, Y. Shen, X. Y. Xu, R. Q. Wang, J. L.
Li, Characterization of the intestinal digesta and mucosal microbiome of the grass carp
(Ctenopharyngodon idella). Comparative biochemistry and physiology. Part D,
Genomics & proteomics, 37, 100789 (2021) doi.org/10.1016/1.cbd.2021.100789

A. G. West, D. W. Waite, P. Deines, D. G. Bourne, A. Digby, V. J. Mckenzie, M. W.
Taylor, The microbiome in threatened species conservation. Biol. Conserv, 229, 85-98
(2019) doi.org/10.1016/j.biocon.2018.11.016

S. Wu, G. Wang, E. R. Angert, W. Wang, W. Li, H. Zou, Composition, diversity, and
origin of the bacterial community in grass carp intestine. PloS one, 7(2), 30440 (2012)
doi.org/10.1371/journal.pone.0030440



https://doi.org/10.1128/AEM.02574-17
https://doi.org/10.1002/ece3.6305
https://doi.org/10.1093/nar/gkt1244
https://doi.org/10.1016/j.micpath.2018.03.043
https://doi.org/10.1038/nmeth.2604
https://doi.org/10.1101/074252
https://doi.org/10.3389/fmicb.2018.00873
https://doi.org/10.1186/s40168-016-0190-1
https://doi.org/10.1371/journal.pone.0136389
https://doi.org/10.1038/ismej.2011.135
https://doi.org/10.1016/j.cbd.2021.100789
https://doi.org/10.1016/j.biocon.2018.11.016
https://doi.org/10.1371/journal.pone.0030440

E3S Web of Conferences 462, 01002 (2023) https://doi.org/10.1051/e3scont/202346201002

AFE-2023

14.

15.

G. Xu, W. Xing, T. Li, M. Xue, Z. Ma, N. Jiang, L. Luo, Comparative study on the
effects of different feeding habits and diets on intestinal microbiota in Acipenser baeri
Brandt and Huso huso, BMC microbiology, 19(1), 297 (2019) doi.org/10.1186/s12866-
019-1673-6

L. Ye, J. Amberg, D. Chapman, M. Gaikowski, W. T. Liu, Fish gut microbiota analysis
differentiates physiology and behavior of invasive Asian carp and indigenous
American fish. The ISME journal, 8(3), 541-551 (2014)
doi.org/10.1038/ismej.2013.181

10


https://doi.org/10.1186/s12866-019-1673-6
https://doi.org/10.1186/s12866-019-1673-6
https://doi.org/10.1038/ismej.2013.181

	1 Introduction
	2 Materials and methods
	3 Results and discussion
	4 Conclusion
	5 Acknowledgements
	References

