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ABSTRACT
The diversity of gut microbiota is an important ecological resource that plays a key role in maintenance of the host homeostasis. It is extremely important to preserve 
the existing gut microbiota diversity, which ensures its resistance to the negative effects of abiotic factors, while the study of the antibiotic role in the disturbance 
of microbiota diversity is a fundamental basis used not only to identify aspects responsible for microbiota-associated poultry diseases, but also to learn techniques 
of microbiota management. This study gives a characteristic of poultry gut microbiota diversity before and after antibiotic administration based on 16S rRNA 
gene sequencing analysis. Firmicutes and Bacteroidota species were predominantly detected in the chick microbiota during antibiotic administration and after 
its withdrawal. A significant increase in Patescibacteria abundance was observed on day 11 post enrofloxacin cessation. Actinobacteriota started appearing on 
day 11 after antibiotic discontinuation. An increase in Cyanobacteria abundance was detected on day 4 after the drug withdrawal. Taxonomic shifts in the chick 
microbial community structure at the class level both during the antibiotic treatment and after its withdrawal were observed. The abundance of Clostridia and 
Bacteroidia classes tended to decrease, while Bacilli class increased in its abundance, especially on day 8 after the drug withdrawal. It was found that a ten-day 
course of enrofloxacin treatment at the recommended doses leads to an increase in the abundance of Bacillaceae, Gastranaerophilales, Lactobacillaceae, Bacteroi-
daceae, Bifidobacteriaceae families, while the abundance of Rikenellaceae, Erysipelatoclostridiaceae, Clostridiaceae, Ruminococcaceae decreased and did not affect 
the abundance of Lachnospiraceae family. The revealed increase in the proportion of Lactobacillaceae during antibiotic treatment suggests the ability of a healthy 
organism to restore the microbiota balance. The results of metagenomic data bioinformatics (without truncation) showed the presence of 158 microorganism 
species in the chick microbiota, 38% of which were classified as nonculturable.
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РЕЗЮМЕ
Биологическое разнообразие кишечной микробиоты представляет собой важный экологический ресурс, который играет ключевую роль в поддержании 
гомеостаза организма хозяина. Исключительно важное значение имеет сохранение существующего биоразнообразия кишечной микробиоты, которое 
обеспечивает ее устойчивость к негативному действию абиотических факторов, а исследование роли антибиотиков в нарушении биоразнообразия 
микробиомов является фундаментальной основой не только для выявления аспектов возникновения микробиом-ассоциированных болезней птицы, 
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ever, a specific antimicrobial drug/class can be considered 
critically important for the treatment of a specific disease. 
For a number of antimicrobials, there are no or few alter­
natives to treat a particular disease. Fluoroquinolones are 
often used in veterinary practice to treat infectious animal 
diseases. They are also included in the list of the WOAH 
critically important antimicrobials for human and animal 
health [16]. The study of the effect of fluoroquinolones 
on a healthy organism, that is, a normal microbiota, is 
 relevant.

The aim of the  work was to  study the  diversity of 
the poultry intestinal microbiota before and after antibio­
tic treatment using 16S rRNA gene sequencing. 

MATERIALS AND METHODS 
The object of the study was the chick cecal microbiota.
The studies were conducted in 90 fifteen day­old Rus­

sian white layers from one batch, hatched from SPF eggs 
in the Manikhino hatchery with approximately the same 
live weight. The chicks were randomly divided into two 
groups (test and control), each was placed in a separate 
cage (5 chicks per cage). The chickens were kept in stan­
dard laboratory animal facility conditions, they were fed 
a standard diet and given water ad libitum.

The samples of the cecal contents from the test and con­
trol chicks were tested. The samples were collected imme­
diately after killing by cervical dislocation on days 4, 8, 11 
of antibiotic treatment and on days 4, 8, 11 after the drug 
cessation. The test chicks were individually given 1.0 mL of 
an antibiotic solution at a dose of 10.0 mg/kg of live weight 
using a probe. The drug was administered in the morning 

INTRODUCTION
Normal intestinal flora is a  quantitative and quali­

tative relationship between diverse microbial popula­
tions within individual organs and systems, maintaining 
the biochemical, metabolic and immunological balance 
needed to preserve the animal health [1]. In recent years, 
the role of the intestinal microbiota in the disease de­
velopment has been established in various animal spe­
cies, including humans, dogs, pigs, cattle, poultry and 
fur animals [2, 3, 4, 5, 6, 7, 8]. The gastrointestinal tract 
of chickens is densely populated with complex micro­
bial communities (bacteria, fungi, archaea, protozoa 
and viruses), dominated by bacteria [9, 10]. Historically, 
selective culture techniques have been used to  identi­
fy and characterize the microbial diversity of avian in­
testines. The novelty of this work is the use of bacterial 
16S ribosomal RNA (rRNA) gene sequencing to  study 
the poultry gut microbiota diversity before and after anti­
biotic treatment. Modern high­performance sequencing 
produce rapid data about microbial communities and is 
a powerful tool that brought an important novel under­
standing of the biological and ecological role of the in­
testinal microbiota [11, 12, 13, 14]. 

The  use of  antibiotics in  veterinary medicine can 
contribute to the  development of  antimicrobial re­
sistance  [15]. According to the  criteria proposed by 
the World Organization for Animal Health (WOAH), anti­
microbials are classified into three categories: Veterinary 
Critically Important Antimicrobial Agents (VCIA), Veteri­
nary Highly Important Antimicrobial Agents (VHIA) and 
Veterinary Important Antimicrobial Agents (VIA). How­

но и освоения методов управления микробиомами. В данном исследовании представлена характеристика биоразнообразия микробиома кишечника 
птицы до и после медикаментозной нагрузки антибиотиком на основе биоинформатического анализа секвенирования гена 16S рРНК. Наибольшее коли-
чество прочтений в микробиоме цыплят в период выпаивания антибиотика и после его отмены составляли типы Firmicutes и Bacteroidota. Значительное 
увеличение Patescibacteria было отмечено на 11-й день отмены энрофлоксацина. Появление Actinobacteriota наблюдали на 11-й день после отмены 
выпаивания антибиотика. Увеличение Cyanobacteria выявлено на 4-й день после отмены препарата. Таксономические сдвиги в микробиоме цыплят 
на уровне классов как в период выпаивания антибиотика, так и после его отмены проявились тенденцией к снижению относительной доли представи-
телей классов Clostridia и Bacteroidia, а также тенденцией к увеличению доли класса Bacilli, особенно на 8-й день после отмены препарата. Установлено, 
что десятидневный курс выпаивания энрофлоксацина в рекомендуемой дозе приводит к увеличению в микробиоме доли семейств Bacillaceae, Gastra-
naerophilales, Lactobacillaceae, Bacteroidaceae, Bifidobacteriaceae, снижению относительной численности семейств Rikenellaceae, Erysipelatoclostridiaceae, 
Clostridiaceae, Ruminococcaceae и не влияет на колебания относительной численности семейства Lachnospiraceae. Выявленное увеличение доли Lactobacil-
laceae при использовании антибиотика может говорить о возможностях здорового организма восстанавливать микробиоту самостоятельно. Результаты 
биоинформатического анализа метагеномных данных (без отсечения) показали присутствие в микробиоме цыплят 158 видов микроорганизмов, 38% 
из которых были отнесены к некультивируемым.

Ключевые слова: микробиом, метагеном, таргетное секвенирование, антибиотики 
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trast to more classical approaches [17, 18]. The taxonomic 
affiliation of phylotypes was determined using the RDP 
classifier based on SILVA [19]. The data were normalised 
using the rarefaction algorithm in the QIIME2 software 
while analyzing alpha diversity according to major re­
com mendations of the developers, and were stabilised 
by variation through the Deseq2 package [20] to compare 
the relative abundances of phylotypes in the samples. For 
the analysis of beta diversity, communities were compared 
using the construction of their dissimilarity matrix using 
the weighted UniFrac, unweighted UniFrac and Bray­Curtis 
algorithms. 

Statistical processing of the  results was performed 
by analysis of variance using Microsoft Excel 2010 soft­
ware. The results are presented as the arithmetic mean (M) 
and the standard error of the mean (± SEM). The reliability 
of the differences was determined by the Student’s t­test, 
the differences were considered statistically significant 
at p ≥ 0.95.

RESULTS AND DISCUSSION
The bioinformatic analysis showed that the  highest 

number of detected reads in the chick microbiome during 
the  drug administration and after its  withdrawal was 
produced by Firmicutes species. The second maximum 

before feeding. Control chicks in parallel to test chicks 
were given 1.0 mL of water for injection. The antibiotic 
used was enrofloxacin (Enrovec 10% for injection, Vector, 
Russia, batch OE011021, 1.0 mL contains 100 mg of enro­
floxacin) at the rate of 10.0 mg/kg of weight.

All procedures involving animals complied with the 
ethical standards adopted by the European Convention 
ETS No. 123.

DNA was isolated from the samples using QIAamp DNA 
Microbiome Kit (QIAGEN, Germany) according to the manu­
facturer’s recommendations. The quality of the extracted 
DNA was checked by  electrophoresis in  0.8% agarose 
gel, as well as using the TapeStation 4200 system (Agilent 
Technologies, USA). The DNA concentration was measured 
using the Quantus fluorometer (Promega, USA). The DNA 
library was prepared according to the 16S Metagenomic 
Sequencing Library Preparation protocol using Nextera 
XT  DNA Library Preparation Kit (Illumina, USA). MiSeq 
Reagent Kit v3 (Illumina, USA) was used for sequencing, 
which enables long read lengths (300 nucleotides). 

QIIME2 software package was used to  analyze 
the 16S rRNA sequencing data. For the initial processing 
of raw sequences, DADA2 package was used, which gives 
more reproducible and accurate results due to denoising 
algorithms, rather than clustering of phylotypes, in con­

Fig. 1. Phylogenetic profile of the chick microbiome at the species level
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Table 1
The cecal microflora composition at the bacterial species level demonstrated by 16S rRNA gene amplicon NGS-sequencing

Species Control, %

Day 4 
of enrofloxacin 
administration, 

%

Day 8 
of enrofloxacin 
administration, 

%

Day 11 
of enrofloxacin 
administration, 

%

Day 4  
after enrofloxacin 

withdrawal,  
%

Day 8  
after enrofloxacin 

withdrawal,  
%

Day 11  
after enrofloxacin 

withdrawal,  
%

Firmicutes 75.9 ± 4.6 72.1 ± 10.6 73.6 ± 9.9 85.9 ± 2.5 78.6 ± 7.4 87.4 ± 7.2 80.6 ± 4.4

Bacteroidota 24.1 ± 4.6 27.5 ± 10.7 25.7 ± 9.5 13.1 ± 2.1 8.7 ± 1.8 7.5 ± 4.4 8.9 ± 2.2

Cyanobacteria – 0.01 ± 0.01 0.08 ± 0.05 0.01 ± 0.01 6.8 ± 6.2 – 1.4 ± 0.7

Patescibacteria – 0.4 ± 0.4 – 0.9 ± 0.6 1.9 ± 1.8 1.4 ± 0.7 4.7 ± 2.6

Verrucomicrobiota – – 0.6 ± 0.6 – 4.0 ± 2.2 3.7 ± 2.9 3.3 ± 2.8

Actinobacteriota – – – – – – 1.0 ± 0.5
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Of the 28 genera detected in the microbiome of test 
and control chicks, two genera belonging to families Os-
cillospiraceae and Ruminococcaceae could not be classified. 
The abundance of Lactobacillus, Akkermansia, Blautia, Can-
didatus Saccharimonas genera was significantly greater 
during the period of enrofloxacin administration and after 
its withdrawal, while Faecalibacterium, Lachnoclostridium, 
Ruminococcus abundance was reduced (Table 4, Fig. 4).

The results of metagenomic data bioinformatic analysis 
(without truncation) showed the presence of 158 microor­
ganism species in the chick microbiota, 38% of which were 
classified as nonculturable.

The analysis of the beta diversity of the metagenom­
ic community under study showed changes in the taxo­
nomic diversity of microbiomes in the test and control 
chicks (Fig. 5A). The changes were expressed as an expan­
sion in the  taxonomic community composition within 
the groups (Fig. 5B). 

Significant differences characterizing alpha diversity 
were found over time only within the  groups, but not 
relative to each other at a specific time point. The most 
significant difference in alpha diversity was demonstra­
ted for samples at point 19, corresponding to day 8 after 
the antibiotic cessation (Fig. 6). 

 observed number of OTUs (operational taxonomic unit) 
was assigned to Bacteroidota species. A significant increase 
in Patescibacteria number was observed on day 11 post 
enrofloxacin cessation. Actinobacteriota started appearing 
on day 11 after the antibiotic discontinuation. An increase 
in Cyanobacteria abundance was detected on day 4 after 
the drug withdrawal (Fig. 1, Table 1).

Taxonomic shifts in the  chick microbial community 
structure at the species level both during the  antibio­
tic treatment and after its withdrawal were observed. 
The abundance of Clostridia and Bacteroidia representa­
tives tended to decrease, while Bacilli species increased 
in its abundance, especially on day 8 after the drug with­
drawal (Fig. 2, Table 2).

The change in the number of reads at the level of orders 
is consistent with the changes at the family level (Fig. 3, 
Table 3).

A ten­day course of enrofloxacin treatment at the re­
commended doses leads to an increase in the abundance 
of Bacillaceae, Gastranaerophilales, Lactobacillaceae, Bac-
teroidaceae, Bifidobacteriaceae families, while the abun­
dance of Rikenellaceae, Erysipelatoclostridiaceae, Clostri-
diaceae, Ruminococcaceae decreased and did not affect 
the abundance of Lachnospiraceae family.

Fig. 2. Phylogenetic profile of the chick microbiome at the class level
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Table 2
The cecal microflora composition at the bacterial class level demonstrated by 16S rRNA gene amplicon NGS-sequencing

Class Control,
%

Day 4 
of enrofloxacin 
administration, 

%

Day 8 
of enrofloxacin 
administration, 

%

Day 11 
of enrofloxacin 
administration, 

%

Day 4
after enrofloxacin 

withdrawal,  
%

Day 8
after enrofloxacin 

withdrawal,  
%

Day 11  
after enrofloxacin 

withdrawal,  
%

Bacilli 17.1 ± 6.3 16.2 ± 6.3 16.7 ± 5.5 79.9 ± 35.9 80.5 ± 23.6 160.5 ± 32.9 92.0 ± 17.2

Bacteroidia 24.1 ± 4.6 27.5 ± 10.7 29.7 ± 10.9 21.3 ± 2.0 16.8 ± 4.9 15.0 ± 6.6 16.2 ± 2.9

Clostridia 58.8 ± 5.2 55.9 ± 7.0 69.5 ± 11.3 77.3 ± 2.8 59.2 ± 14.1 74.2 ± 11.0 64.4 ± 7.3

Vampirivibrionia – 0.01 ± 0.01 0.1 ± 0.06 0.02 ± 0.02 10.2 ± 8.7 – 2.4 ± 1.2

Saccharimonadia – 0.4 ± 0.4 – 1.4 ± 1.0 4.5 ± 4.2 4.1 ± 2.0 10.0 ± 5.6

Verrucomicrobiae – – 0.7 ± 0.7 – 9.3 ± 5.3 6.8 ± 4.8 5.4 ± 4.4

Actinobacteria – – – – – – 1.6 ± 0.8



377VETERINARY SCIENCE TODAY. 2024; 13 (4): 373–381 | ВЕТЕРИНАРИЯ СЕГОДНЯ. 2024; 13 (4): 373–381

ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY ОРИГИНАЛЬНЫЕ СТАТЬИ | ВЕТЕРИНАРНАЯ МИКРОБИОЛОГИЯ

administratopn course and on  day  8 after its with ­ 
drawal. 

The analysis of metagenome sequencing data revealed 
the presence of a significant number of nonculturable mi­
croorganisms that cannot be detected by microbiological 
techniques. 

CONCLUSION
The change in the metagenomic taxonomy of the ce­

cal microbiota of healthy chicks when using enrofloxacin 
antibiotic was analyzed. The most pronounced relative 
changes in the  metagenomic taxonomy were recor­
ded on day 8 after the start of the ten­day enro  floxacin 

Fig. 3. Phylogenetic profile of the chick microbiome at the family level
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Table 3
The cecal microflora composition at the bacterial family level demonstrated by 16S rRNA gene amplicon NGS-sequencing

Family Control,
% reed ± SEM

Day 4 
of enrofloxacin 
administration, 
% reed ± SEM

Day 8 
of enrofloxacin 
administration, 
% reed ± SEM

Day 11 
of enrofloxacin 
administration, 
% reed ± SEM

Day 4
after enrofloxacin 

withdrawal, 
% reed ±SEM

Day 8
after enrofloxacin 

withdrawal,
% reed ± SEM

Day 11
after enrofloxacin 

withdrawal,
% reed ± SEM

Lactobacillaceae 11.7 ± 6.7 11.7 ± 6.3 10.1 ± 4.0 35.4 ± 8.2 35.1 ± 7.1 54.6 ± 5.4 36.2 ± 6.1

Bacteroidaceae 1.3 ± 1.1 14.0 ± 8.2 21.2 ± 8.0 7.5 ± 2.0 2.1 ± 0.6 5.6 ± 3.6 5.3 ± 0.6

Ruminococcaceae 21.0 ± 3.6 35.5 ± 7.1 32.3 ± 8.2 19.7 ± 5.2 4.5 ± 2.2 5.1 ± 1.7 6.5 ± 2.4

Rikenellaceae 22.8 ± 5.0 13.5 ± 3.1 4.6 ± 1.8 5.6 ± 1.7 6.6 ± 1.6 1.9 ± 0.9 3.6 ± 2.0

Lachnospiraceae 26.8 ± 2.7 12.8 ± 1.1 13.7 ± 3.5 22.2 ± 5.3 30.0 ± 8.8 20.9 ± 3.3 21.9 ± 3.4

Bacillaceae 2.4 ± 0.8 2.5 ± 0.8 0.6 ± 0.4 1.4 ± 0.8 4.7 ± 1.0 3.4 ± 0.6 9.1 ± 3.1

Gastranaerophilales – 0.01 ± 0.01 0.1 ± 0.05 0.01 ± 0.01 6.8 ± 6.16 – 1.4 ± 0.7

Saccharimonadaceae – 0.4 ± 0.4 – 0.9 ± 0.6 1.9 ± 1.8 1.4 ± 0.7 4.7 ± 2.6

Clostridiaceae 7.7 ± 2.0 4.9 ± 0.9 9.3 ± 4.9 3.8 ± 1.4 2.9 ± 2.3 2.0 ± 1.0 5.8 ± 1.9

Akkermansiaceae – – 0.6 ± 0.6 – 4.04 ± 2.2 3.7 ± 2.9 3.3 ± 2.8

Erysipelatoclostridiaceae 3.0 ± 0.8 2.0 ± 0.9 2.9 ± 0.9 1.0 ± 0.4 1.1 ± 0.5 0.6 ± 0.1 0.9 ± 0.4

Oscillospiraceae 2.0 ± 1.0 1.6 ± 0.5 4.4 ± 1.4 0.9 ± 0.4 0.1 ± 0.1 0.1 ± 0.07 0.1 ± 0.1

Monoglobaceae – 0.9 ± 0.4 0.2 ± 0.1 0.3 ± 0.2 0.01 ± 0.01 0.62 ± 0.49 0.05 ± 0.05

Bifidobacteriaceae – – – – – – 1.0 ± 0.5

75.9

72.1

73.6

85.9

78.6

87.4

80.6

24.1

27.5

25.7

13.1

8.7

7.5

8.9

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Control

Day 4 of enrofloxacin administration

Day 8 of enrofloxacin administration

Day 11 of enrofloxacin administration

Day 4 after enrofloxacin withdrawal

Day 8 after enrofloxacin withdrawal

Day 11 after enrofloxacin withdrawal

OTU, %

Firmicutes Bacteroidota Cyanobacteria Patescibacteria Verrucomicrobiota Actinobacteriota



378 VETERINARY SCIENCE TODAY. 2024; 13 (4): 373–381 | ВЕТЕРИНАРИЯ СЕГОДНЯ. 2024; 13 (4): 373–381

ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY ОРИГИНАЛЬНЫЕ СТАТЬИ | ВЕТЕРИНАРНАЯ МИКРОБИОЛОГИЯ

Table 4
The cecal microflora composition at the bacterial genus level demonstrated by 16S rRNA gene amplicon NGS-sequencing

Genus Control,
% reed ± SEM

Day 4 
of enrofloxacin 

administra-
tion,

% reed ± SEM

Day 8 
of enrofloxacin 

administra - 
tion, 

% reed ± SEM

Day 11 
of enrofloxacin 

administra- 
tion, 

% reed ± SEM

Day 4
after 

enrofloxacin 
withdrawal, 

% reed ± SEM

Day 8
after 

enrofloxacin 
withdrawal, 

% reed ± SEM

Day 11
after 

enrofloxacin 
withdrawal, 

% reed ± SEM

Lactobacillus 11.7 ± 6.7 11.7 ± 6.3 10.08 ± 3.97 35.39 ± 8.19 35.13 ± 7.07 54.59 ± 5.43 36.16 ± 6.08

Bacteroides 1.3 ± 1.1 14.0 ± 8.2 21.16 ± 8.0 7.54 ± 2.04 2.08 ± 0.64 5.58 ± 3.56 5.32 ± 0.61

Faecalibacterium 11.3 ± 2.8 25.4 ± 5.2 24.18 ± 7.75 9.48 ± 4.06 1.51 ± 0.44 1.02 ± 0.31 0.90 ± 0.46

Alistipes 22.8 ± 5.0 13.5 ± 3.1 4.56 ± 1.85 5.61 ± 1.7 6.59 ± 1.64 1.95 ± 0.87 3.63 ± 2.0

Subdoligranulum 1.0 ± 0.9 0.2 ± 0.1 1.75 ± 1.25 3.62 ± 2.46 2.26 ± 2.09 3.31 ± 1.85 5.37 ± 2.0

Ruminococcus 12.6 ± 1.7 3.6 ± 0.3 3.15 ± 0.56 5.29 ± 2.57 4.15 ± 2.16 2.30 ± 0.56 2.60 ± 0.64

Blautia 0.4 ± 0.2 0.3 ± 0.3 0.41 ± 0.25 1.12 ± 0.68 2.05 ± 0.68 3.51 ± 1.0 6.52 ± 1.14

Bacillus 2.4 ± 08 2.5 ± 0.8 0.60 ± 0.36 1.36 ± 0.80 4.73 ± 0.96 3.41 ± 0.65 9.09 ± 3.12

Lachnospira 9.7 ± 0.7 6.0 ± 0.8 6.50 ± 1.38 12.74 ± 3.76 15.59 ± 5.17 9.59 ± 1.5 6.25 ± 1.55

Ruminococcus 2.9 ± 0.8 2.7 ± 1.4 3.57 ± 1.28 2.66 ± 0.65 0.21 ± 0.08 0.06 ± 0.04 0.05 ± 0.05

Gastranaerophilales 0.0 ± 0.0 0.0 ± 0.0 0.08 ± 0.05 0.01 ± 0.01 6.82 ± 6.16 0.00 ± 0.0 1.43 ± 0.74

Candidatus saccharimonas 0.0 ± 0.0 0.4 ± 0.4 0.00 ± 0.0 0.90 ± 0.62 1.89 ± 1.77 1.41 ± 0.66 4.70 ± 2.56

Clostridium 7.7 ± 2.0 4.9 ± 0.9 9.29 ± 4.89 3.79 ± 1.38 2.94 ± 2.28 2.03 ± 0.95 5.83 ± 1.95

Akkermansia 0.0 ± 0.0 0.0 ± 0.0 0.62 ± 0.62 0.00 ± 0.0 4.04 ± 2.2 3.65 ± 2.93 3.30 ± 2.81

Erysipelatoclostridium 3.0 ± 0.8 2.0 ± 0.9 2.88 ± 0.94 0.96 ± 0.37 1.06 ± 0.46 0.59 ± 0.1 0.93 ± 0.37

Lachnoclostridium 2.1 ± 0.2 2.0 ± 0.3 2.29 ± 1.51 2.08 ± 0.71 1.22 ± 0.43 1.23 ± 0.34 0.81 ± 0.18

Sellimonas 1.8 ± 0.5 0.8 ± 0.3 1.21 ± 0.33 0.77 ± 0.29 3.32 ± 1.23 2.37 ± 1.18 1.75 ± 0.36

Ruminococcus 1.1 ± 0.5 1.0 ± 0.6 0.58 ± 0.24 2.45 ± 0.95 0.25 ± 0.13 0.00 ± 0.0 0.05 ± 0.05

Eubacterium hallii group 0.2 ± 0.1 0.0 ± 0.0 0.17 ± 0.07 0.19 ± 0.07 3.52 ± 1.48 1.45 ± 0.47 0.69 ± 0.27

CHKCI001 0.0 ± 0.0 0.0 ± 0.0 0.02 ± 0.01 0.02 ± 0.02 0.20 ± 0.1 0.48 ± 0.27 3.28 ± 1.89

Unclassified Oscillospiraceae 1.0 ± 0.5 0.7 ± 0.2 2.58 ± 0.99 0.92 ± 0.45 0.13 ± 0.06 0.08 ± 0.04 0.07 ± 0.05

Unclassified Ruminococcaceae 2.8 ± 0.8 3.8 ± 1.0 0.38 ± 0.24 0.00 ± 0.0 0.07 ± 0.07 0.36 ± 0.3 0.03 ± 0.03

Eubacterium coprostanoligenes 
group 1.0 ± 0.6 0.3 ± 0.3 0.09 ± 0.06 1.35 ± 0.99 0.00 ± 0.0 0.01 ± 0.01 0.05 ± 0.03

DTU089 0.8 ± 0.2 1.3 ± 0.2 0.39 ± 0.13 1.01 ± 0.34 0.24 ± 0.09 0.38 ± 0.17 0.15 ± 0.07

Unclassified Ruminococcaceae 1.3 ± 0.6 1.1 ± 0.5 1.49 ± 0.91 0.44 ± 0.32 0.00 ± 0.0 0.00 ± 0.0 0.00 ± 0.0

Monoglobus 0.3 ± 0.2 0.9 ± 0.4 0.17 ± 0.11 0.32 ± 0.25 0.01 ± 0.01 0.62 ± 0.49 0.05 ± 0.05

UCG-005 1.0 ± 0.5 1.0 ± 0.3 1.81 ± 1.32 0.00 ± 0.0 0.00 ± 0.0 0.03 ± 0.03 0.00 ± 0.0

Bifidobacterium 0.0 ± 0.0 0.0 ± 0.0 0.00 ± 0.0 0.00 ± 0.0 0.00 ± 0.0 0.00 ± 0.0 1.00 ± 0.51
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Fig. 4. Phylogenetic profile of the chick microbiome at the genus level

Fig. 5. A – changes in the beta diversity of the metagenomic community in the test (red) and control (blue) 
groups; B – changes in the beta diversity of the metagenomic community within the groups (red – control, 
blue – test, orange – day 4 of administration, green – day 8 of administration, purple – day 11 of administration)

Fig. 6. Changes in the alpha diversity of the metagenomic community (blue – control, orange – test)
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