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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 165 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 (yanobacteria 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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MeTareHoMHbIV aHanu3 61opasHoobpasms
MUKPOONOMA KMLLIEYHMKA MTUL|I
110 ¥ Noc/e MeIMKaMEeHTO3HOI Harpy3Ki aHTUOMOTUKOM

0. B. Mpaconoga, H. U. Manuk, U. A. TumodeeBa, H. A. KupcanoBa, E. B. KpbinoBa, E. B. Manuk, U. A. PycanoB, H. A. Yynaxuna
OIBY «Bcepoccuitckmii rocyaapcTBeHHbIN LieHTp kauecTsa v CTaHAapTU3aLMM NeKapCTBEHHbIX CPEACTB ANA XKUBOTHBIX 1 Kopmos» (OTBY «BIHKI»),
3BeHuropogcKoe wwocce, 5, r. MockBa, 123022, Poccua

PE3IOME

Buronoruyeckoe pazHoobpasie KuLeuHoit MUKpo61oTh NpescTaBAeT co6oii BaX<HbIil 3KONOrMYECKHil pecype, KOTOPbIil UTPAET KIoYeByH Posib B NOAAEPKaHUN
TOMe0(Ta3a OpraHi3ma xo3auHa. MIckniounTenbHoO BaxkHoe 3HaueHe MEET CoXpaHeHNe CyLecTBytoLLero 61opaHoo6pasua KULLEUHOI MIKPOOUMOTBI, KoTopoe
o6ecneynBaeT ee yCTOIUNBOCTb K HEraTMBHOMY AeACTBIK abnoTuyecknx akTopos, a MccieoBaHue poan aHTMOUOTUKOB B HapyLueHun 6rnopasHoobpasua
MUKpo61OMOB ABAAETCA hYHLAMEHTaNbHOI 0CHOBOIA He TONbKO ANA BbIABEHIA aCNeKTOB BO3HUKHOBEHMA MUKPOOMOM-aCCOLMUPOBAHHbIX 6one3Heil nTuLbl,
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HO 11 0CBOEHUA METOZOB yNpaBneHna MiKpobruomamu. B ;aHHOM mccneoBaHNM NpeaCTaBEeHa XapakTepucTuka 61nopasHoobpasina Mikpobroma KueuHnka
MTULbI A0 N NOCNE MeANKAMEHTO3HOI HArpy3Ky aHTUOMOTUKOM Ha OCHOBE BIIOMH(OPMATUUECKOT0 aHaNK3a cekBeHpoBaHUA rena 165 pPHK. HanbonbLuee konu-
YeCTBO NPOYTEHMIN B MUKPOOUOME LIbINAIAT B NEPMOJ BbiNauBaHNA aHTUOMOTMKA U MOC/E €ro 0TMeHbI COCTABAANM TUNbI Firmicutes n Bacteroidota. 3HaunTenbHoe
yBenuuenue Patescibacteria 6bino oTMeueHo Ha 11-it eHb 0TMeHbl SHpodnokcauuHa. Moasnenne Actinobacteriota Habnioganu Ha 11-ii feHb nocne OTMeHbl
BbiNauBaHNA aHTOMoTMKa. YBenuueHne (yanobacteria BbiABNeHO Ha 4-ii feHb NocNe 0TMeHbI Npenaparta. TakcoHOMIMYeckie CABUMI B MUKPOOMOME LbInAAT
Ha ypOBHe KNaccoB KaK B Nepuoz BbiNanBaHNA aHTMOMOTUKA, TaK M NOCNE ero 0TMeHbl NPOABUANCH TEHAEHLMEN K CHUKEHUIO OTHOCUTENbHOI A0AN NPeACTaBy-
Teneii knacco Clostridia n Bacteroidia, a Takxe TeHAeHUMel K yBenuueHnto gonu knacca Bacilli, ocobeHHo Ha 8-i1 ieHb nocne 0TMeHbl Mpenapara. YCTaHoBNeHo,
4TO ZleCATUAHEBHbIN KypC BbINanBaHua SHPOGOKCALMHA B pekoMeHayeMOoii 103e NPUBOAUT K yBeNNUeHuio B MUKpobuome fonu cemeiicts Bacillaceae, Gastra-
naerophilales, Lactobacillaceae, Bacteroidaceae, Bifidobacteriaceae, cHxeHmio 0THOCUTENbHOIA YncneHHocTH cemeiicTs Rikenellaceae, Erysipelatoclostridiaceae,
(lostridiaceae, Ruminococcaceae n He BIMAET Ha KonebaHWA OTHOCUTENbHOI YMCNEHHOCTH ceMeiicTBa Lachnospiraceae. BbiaBneHHoe yBenuuexe gonu Lactobacil-
laceae npn CNoNb30BaHMN aHTUOMOTIKA MOXKET FOBOPUTH 0 BO3MOXKHOCTAX 3,0POBOT0 OPraHi3Ma BOCCTaHABNMBATb MUKPOBIOTY CAMOCTOATENbHO. Pe3ynbTathl
610MHGOPMATINUECKOr0 aHAN3a MeTareHOMHbIX JaHHbIX (6e3 0TceueHua) nokasanu NpucyTCTBNE B MUKpobrome UbinnAT 158 BUA0B MUKPOOPraHn3moB, 38%
13 KOTOPbIX ObINM OTHECEHDI K HEKYNbTUBIPYEMbIM.

KnioueBbie cnoa: MMKpOﬁI/IOM, MeTareHoM, TapreTHoe CEKBEHNPOBaHue, aHTUOUOTUKI

BnaropapHocty: UccnenoBatie duHaHapoBanoch OeaepanbHoil Clyx60ii no BeTEPUHAPHOMY U QUTOCAHUTAPHOMY HAA30pY, HAyuHO-UCCNEA0BATENbCKIIA
NPOEKT No Teme «IMarHoCTUKa COCTOAHINA HOPMabHOI MUKPOOUOTbI KENYAOUYHO-KULLIEYHOTO TPAKT CeNlbCKOXO3AACTBEHHOM NTULIbI M0f BO3AEIACTBIEM aHTH-
MUKDOGHBIX U MPOBMOTIYECKYX MPenapaTos Ans pa3paboTKu 1 OCYLLECTBIIEHMA Mep M0 ee COXPAHEHMI0 TN BOCCTAHOBIIEHMIO.
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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 high-performance 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-

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 day-old 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
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Day 11 after enrofloxacin withdrawal
Day 8 after enrofloxacin withdrawal
Day 4 after enrofloxacin withdrawal

Day 11 of enrofloxacin administration

Day 8 of enrofloxacin administration

Day 4 of enrofloxacin administration
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Fig. 1. Phylogenetic profile of the chick microbiome at the species level

Table 1
The cecal microflora composition at the bacterial species level demonstrated by 16S rRNA gene amplicon NGS-sequencing

Day 4 Day 8 Day 11 Day 4 Day 8 Day 11
Species Control. % of enrofloxacin | of enrofloxacin | of enrofloxacin | after enrofloxacin | after enrofloxacin | after enrofloxacin
P bed administration, | administration, | administration, withdrawal, withdrawal, withdrawal,
) % % ) % %

Firmicutes 759+4.6 721+10.6 73.6+99 859+25 786+74 874+72 80.6+4.4
Bacteroidota 241+46 27.5+10.7 257+9.5 13.1+£2.1 87+18 715+44 89+22
(yanobacteria - 0.01+0.01 0.08 +0.05 0.01+0.01 6.8+6.2 - 14+07
Patescibacteria - 04+04 - 09+0.6 19+18 14407 47+26
Verrucomicrobiota - - 0.6+0.6 - 40+2.2 37+29 33+28
Actinobacteriota - - - - - - 1.0£0.5

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 QlAamp 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-

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-
commendations of the developers, and were stabilised
by variation through the Deseq?2 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 Bray-Curtis
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 t-test,
the differences were considered statistically significant
atp=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
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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
onday 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 ten-day 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.

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).

Day 11 of enrofloxacin administration
Day 8 of enrofloxacin administration

Day 4 of enrofloxacin administration

Day 11 after enrofloxacin withdrawal NGO G2 644 ——
Day 8 after enrofloxacin withdrawal GOSN 50742
Day 4 after enrofloxacin withdrawal - EEEEEEEEEEEEES0SE TGS N5 912

Control

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

m Bacilli mBacteroidia m Clostridia = Vampirivibrionia mSaccharimonadia w\Verrucomicrobiae mActinobacteria

Fig. 2. Phylogenetic profile of the chick microbiome at the class level

Table 2
The cecal microflora composition at the bacterial class level demonstrated by 16S rRNA gene amplicon NGS-sequencing

Day 4 Day 8 DEVAN Day 4 Day 8 Day 11
Control, of enrofloxacin of enrofloxacin of enrofloxacin | after enrofloxacin | after enrofloxacin | after enrofloxacin
% administration, administration, administration, withdrawal, withdrawal, withdrawal,
% % % % % %

Bacilli 17.1+63 16.2+6.3 16.7£5.5 79.9+359 80.5+23.6 160.5+32.9 920+17.2
Bacteroidia 241146 275+10.7 29.7+10.9 213+20 16.8 4.9 15.0£6.6 16.2+£2.9
(lostridia 58.8+5.2 55.9+7.0 69.5+11.3 773+2.8 59.2+14.1 742+11.0 64.4+73
Vampirivibrionia - 0.01£0.01 0.1+0.06 0.02+0.02 10.2+8.7 - 24+12
Saccharimonadia - 04+04 - 14+1.0 45+4)2 41+20 10.0+5.6
Verrucomicrobiae - - 0.7+0.7 - 93+53 6.8+48 54+44
Actinobacteria - - - - - - 1.6+0.8
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Day 4 of enrofloracin acministration | OS5 T 3.5 T
control |ENEEEEZ O 228 28
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u Lactobacillaceae m Bacteroidaceae m Ruminococcaceae Rikenellaceae
m Lachnospiraceae u Bacillaceae m Gastranaerophilales m Saccharimonadaceae
u Clostridiaceae m Akkermansiaceae u Erysipelatoclostridiaceae m Oscillospiraceae
u Monoglobaceae u Bifidobacteriaceae

Fig. 3. Phylogenetic profile of the chick microbiome at the family level

Table 3
The cecal microflora composition at the bacterial family level demonstrated by 165 rRNA gene amplicon NGS-sequencing

Day 4 Day 8 Day 11 Day 4 Day 8 Day 11
Control, of enrofloxacin of enrofloxacin of enrofloxacin | afterenrofloxacin | afterenrofloxacin | after enrofloxacin
% reed = SEM administration, administration, administration, withdrawal, withdrawal, withdrawal,
% reed + SEM % reed + SEM % reed + SEM % reed £SEM % reed + SEM % reed + SEM
Lactobacillaceae 1n.7+6.7 1M.7£63 10.1£4.0 354+82 35171 546+54 36.2%6.1
Bacteroidaceae 1311 14.0+8.2 21.2+80 75+20 21+06 56%£3.6 53+06
Ruminococcaceae 21.0+3.6 355+7.1 323+8.2 19.7+5.2 45+22 51+17 65+24
Rikenellaceae 22.8+5.0 13.5+3.1 46+1.8 5617 6.6+1.6 1.9+£0.9 36+20
Lachnospiraceae 268+2.7 128+ 1.1 13735 222+53 30.0+8.8 209+33 219+34
Bacillaceae 24408 25408 0.6+0.4 14+08 47+1.0 34106 9.1+3.1
Gastranaerophilales - 0.01£0.01 0.1£0.05 0.01%0.01 6.8£6.16 - 1407
Saccharimonadaceae - 04+04 - 0.9+0.6 19+£18 14£07 47+26
(lostridiaceae 7720 49+0.9 93+49 38+14 29+23 20+1.0 58+19
Akkermansiaceae - - 0.6+0.6 - 404+2.2 37429 33+28
Erysipelatoclostridiaceae 3.0+£038 20+09 29+09 1.0+04 1.1+£05 0.6+0.1 09+04
Oscillospiraceae 2010 1.6+£0.5 44+14 09+04 0.1+0.1 0.1+0.07 0.1+0.1
Monoglobaceae - 09+04 0.2+0.1 03+0.2 0.01+0.01 0.62 +0.49 0.05 +0.05
Bifidobacteriaceae - - - - - - 1.0£0.5
CONCLUSION administratopn course and on day 8 after its with-
The change in the metagenomic taxonomy of thece-  drawal.

cal microbiota of healthy chicks when using enrofloxacin The analysis of metagenome sequencing data revealed
antibiotic was analyzed. The most pronounced relative  the presence of a significant number of nonculturable mi-
changes in the metagenomic taxonomy were recor-  croorganisms that cannot be detected by microbiological
ded on day 8 after the start of the ten-day enrofloxacin  techniques.
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Table 4
The cecal microflora composition at the bacterial genus level demonstrated by 165 rRNA gene amplicon NGS-sequencing

Day 4 Day 8 Day 11 Day 4 Day 8 Day 11

Gt of enrgﬂoxacin of enrgﬂpxacin of enrgﬂpxacin after . after ‘ after .

% reed + SEM adm}nlstra— adm.|n|stra— adm}nlstra— eqroﬂoxacm eqroﬂoxacm eqroﬂoxacm

tion, tion, tion, withdrawal, withdrawal, withdrawal,
% reed = SEM | %reed = SEM | %reed +SEM | %reed + SEM | %reed + SEM | % reed £ SEM

Lactobacillus 11.7+6.7 1M.7+63 10.08+3.97 | 3539+8.19 | 35.13+£7.07 | 5459+543 | 36.16+6.08
Bacteroides 13+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+28 25452 2418+7.75 | 9.48+4.06 151+0.44 1.02+031 0.90+0.46

Alistipes 228+50 135+3.1 456+1.85 56117 6.59 £ 1.64 1.95+0.87 3.63+2.0

Subdoligranulum 1.0+09 0.2£0.1 175+1.25 3.62+2.46 2.26+2.09 331+£1.85 537£20
Ruminococcus 12617 36+03 3.15£0.56 529+257 415+2.16 230+0.56 2.60 £ 0.64
Blautia 04+0.2 03+03 0.41£0.25 1.12+0.68 2.05+0.68 351£1.0 6.52+£1.14
Bacillus 24+08 25+08 0.60£0.36 136 +0.80 473£0.96 3.41£0.65 9.09£3.12
Lachnospira 9.7£0.7 6.0+0.8 6.50£138 | 1274%3.76 | 1559+5.17 9.59+15 6.25+1.55
Ruminococcus 29+0.8 27+14 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£0.0 143+0.74
Candidatus saccharimonas 0.0+0.0 0.4+04 0.00+0.0 0.90 +0.62 1.89+1.77 1.41+0.66 470256
Clostridium 7.7£20 49+09 9.29+4.89 379+138 294+2.28 2.03+0.95 583+£1.95
Akkermansia 0.0£0.0 0.0£0.0 0.62 +0.62 0.00£0.0 4.04+22 3.65+2.93 3.30+2.81
Erysipelatoclostridium 3.0£0.8 20£09 2.88+0.94 0.96 +0.37 1.06 + 0.46 0.59+0.1 0.93+0.37
Lachnodlostridium 21+£0.2 20+03 2.29+1.51 2.08+0.71 1.22£043 123+034 0.81+0.18
Sellimonas 1.8+0.5 0.8+03 1214033 0.77+0.29 332+£1.23 237+1.18 1.75+0.36
Ruminococcus 1.1+05 1.0+06 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 352148 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
Undlassified Oscillospiraceae 1.0+£05 0.7+0.2 2.58+0.99 0.92 +0.45 0.13+0.06 0.08 +0.04 0.07 +£0.05
Undlassified Ruminococcaceae 2.8+0.8 3810 0.38£0.24 0.00£0.0 0.07 £0.07 0.36+0.3 0.03+0.03
S‘r’fggte’ Tum coprostanolgenes | 1006 | 03+03 | 0094006 | 135£099 | 000400 | 0014001 | 005003
DTU089 0.8+0.2 13402 0.39£0.13 1.01+034 0.24£0.09 0.38+0.17 0.15+0.07
Undlassified Ruminococcaceae 13+0.6 11£05 1.49+0.91 0.44+032 0.00+0.0 0.00+0.0 0.00+0.0
Monoglobus 03+0.2 0.9+04 0.17£0.1 032+0.25 0.01£0.01 0.62+0.49 0.05+0.05
UCG-005 1.0+05 1.0+03 1.81+132 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

Axis 1(34.24 %)

Axis 2 (9584 %)

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