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Abstract  Xenobiotics have a negative impact on the composition and 

function of the intestinal microbiome; this requires measures to cor-

rect these disorders. The aim of the study was thus to conduct bioin-

formatic processing and analysis of NGS sequencing data of the in-

testinal (caecum) microbiome in broiler chickens, including the 

analysis of the taxonomic composition and predicted metabolic path-

ways. Experimental groups of broilers included: Group I fed the basic 

diet (BD); experimental Group II received BD and glyphosate; exper-

imental Group III fed BD, glyphosate and probiotic bacterial strains; 

and experimental Group IV received BD along with a combination of 

glyphosate, antibiotics and probiotic bacterial strains. As a result, a 
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reduction in the live weight of broilers by 4.2% (p < 0.05) was ob-

served in Group II (against the background of glyphosate present in 

feed). Introduction of a mixture of probiotic bacteria into feed (Group 

III) resulted in an increased body weight compared to Group II (p < 

0.05). In Group II, dysbiotic changes in the composition of the cae-

cum microbiome were observed: an 8.7-fold increase in the number 

of Streptococcus genus members compared to the control Group I (p 

< 0.05). In Group IV, an increase in Bacteroidota by 6.2% was ob-

served compared to Group II (p < 0.05). In birds from Group II, com-

pared to Group I, a decline (p < 0.05) in the intensity of various types 

of predicted metabolic pathways of the microbiome in the intestinal 

chyme was established. In particular, those associated with energy, 

carbohydrate, protein types of metabolism, methanogenesis, synthesis 

of cofactors, etc. were noted. 

Keywords: NGS sequencing, gut microbiome, broiler chickens, bio-

informatics, glyphosate, antibiotics, probiotic bacterial strains 

1. Introduction 

The homeostasis of the intestinal microbiome is known to be de-

pendent on many external factors, including infections and various 

xenobiotics. These factors can alter the microbiota, affecting both the 

abundance of microbial taxa and their functions and causing dysbac-

teriosis that can lead to morbidity and decreased productivity in poul-

try [1–3]. 

Glyphosate is a broad-spectrum pesticide that has recently become 

the most widely used herbicide in the world [4]. Studies have repeat-

edly identified glyphosate in poultry feed samples, suggesting its po-

tential effects on the body and the symbiotic microbiome [5]. A grow-

ing number of studies report health risks associated with glyphosate 

exposure. For example, we previously showed that glyphosate has a 

toxic effect on many taxa of intestinal microorganisms, making the 

body more susceptible to pathogens [6,7]. 

It has been demonstrated that antibiotics can increase the bioavaila-

bility of pesticides and, thus, increase the risk of their exposure. 
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Antibiotic-induced altered gut microbiota can affect the expression of 

liver metabolic enzyme genes and the proteome associated with intes-

tinal absorption processes, which is the main reason for the increased 

bioavailability of pesticides in the body [8]. There is, however, a lack 

of data providing evidence of the relationship between the effects of 

xenobiotics on representatives of the commensal microbiota. These 

include both pesticides and antibiotics, and their effects on metabolic 

pathways and key metabolites could be used as biomarkers of xeno-

biotic exposure [7,9–11]. 

To restore the microbiome compromised by a number of xenobiot-

ics, it is advisable to implement preventive measures. Recent studies 

suggested that microbiota can play an important role in xenobiotic 

metabolism [12]. Therefore, the introduction of probiotic microorgan-

isms-biodestructors into the digestive system [13–15] can become the 

basis of a biological strategy for the prevention of microbiota dysbio-

sis when xenobiotics are consumed with feed [9,16]. 

In this regard, the aim of the present study was to conduct bioinfor-

matic processing and analysis of NGS sequencing data of the intesti-

nal microbiome in broiler chickens. This included analysis of the tax-

onomic composition and predicted metabolic pathways of the 

microbiome, against the background of glyphosate, a combination of 

glyphosate with probiotic bacterial strains, as well as a combination 

of glyphosate with antibiotics and probiotic bacterial strains. 

2. Materials and Methods 

Following the rules established by the European Convention for the 

Protection of Vertebrate Animals Used for Research and Other Pur-

poses (ETS No. 123, Strasbourg, 1986), the current study also re-

ceived approval from the L. K. Ernst Federal Research Center for An-

imal Husbandry’s bioethical panel. 

The experiment was conducted on 290 Cobb 500 cross broiler chick-

ens in 2024. The studied birds were divided into four experimental 

groups: Group I (control) was fed the basic diet (BD); experimental 

Group II, in addition to BD, received glyphosate throughout the grow-

ing period; experimental Group III was fed, in addition to BD, 
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glyphosate and a mixture of two probiotic strains of microorganisms, 

Bacillus subtilis 1-85 [17] and Enterococcus faecium 1-35, applied to 

the carrier (bran) in the amount of 1 kg per ton of feed throughout the 

growing period; experimental Group IV received glyphosate, a mix-

ture of two probiotic strains of microorganisms throughout the grow-

ing period, as well as the veterinary antibiotics Enroflon 10% (OOO 

NPK-VIK, Russia) on Days 0–5, added to water (1 ml per 2 liters of 

water), and Colistin (developed by Areal Medical LLC and manufac-

tured by AVZ-SP, Russia) on Days 27–31, added to water (1 ml per 

4 liters of water). Glyphosate was applied by coarse spraying onto 

compound feed at a dose of 20 mg/kg of feed. 

The chickens were grown in BB-1 cages (NPO Stimul-Ink). Feeding 

and keeping of the birds complied with the maintenance guidelines 

for the Cobb 500 broiler flock [18]. The BD up to 28 days of age 

included the complete compound feed PK-5 for broilers aged 1 to 4 

weeks (Gatchinsky KKZ, Russia), and from 28 to 35 days the com-

plete compound feed PK-6 (Gatchinsky KKZ, Russia). 

During the experimental period, individual body weight records of 

birds were taken. 

Samples of the caecum contents for microbiota analysis were col-

lected from 35-day-old birds, immediately frozen at −20°C and sent 

to the laboratory until molecular genetic studies were completed. 

Total DNA from the samples was isolated using the Genomic DNA 

Purification Kit (Thermo Fisher Scientific, Inc., USA) according to 

the manufacturer’s instructions. The composition of the microbial 

community was assessed using targeted NGS sequencing. The latter 

was performed using the MiSeq platform (Illumina, Inc., USA) and 

the following primers for the V3-V4 region of the 16S rRNA gene: 

forward primer, 5´-

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGG

GNGGCWGCAG-5´, reverse primer; and 5´-

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTAC

HVGGGTATCTAATCC-3´. Sequencing was performed using Nex-

tera® XT Index Kit (Illumina Inc., USA) reagents for library prepara-

tion, Agencourt AMPure XP (Beckman Coulter Inc., USA) reagents 

for PCR product purification, and MiSeq® Reagent Kit v2 (500 cycle) 

(Illumina Inc., USA) reagents for sequencing. 

Bioinformatic analysis of NGS sequencing data was completed us-

ing the Qiime2 software (version 2020.8; 
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https://docs.qiime2.org/2020.8/). After the initial import of sequences 

into the Qiime2 format, paired read lines were aligned. Further, the 

sequences were quality-filtered using the default settings. Noise se-

quences were pruned using the Deblur method. De novo phylogeny 

was reconstructed using the MAFFT software package, followed by 

masked sequence alignment. The Silva 138 reference database 

(https://www.arb-silva.de/documentation/release-138/) was used for 

taxonomy analysis. Reconstruction and prediction of the functional 

content of gene families and enzymes were carried out using the PIC-

RUSt2 software package (version 2.3.0). The MetaCyc database 

(https://metacyc.org/) was used to analyze metabolic pathways and 

enzymes. Predicted MetaCyc pathway profiles were estimated based 

on the abundance of amplicon sequence variants (ASVs). 

The findings were processed mathematically and statistically using 

multivariate analysis of variance (multi-factor ANOVA) and Mi-

crosoft Excel XP/2003 and RStudio (version 1.1.453). The data were 

shown as means (M) and standard errors of the mean (± SEM). 

3. Results and Discussion 

Birds from Group II (with glyphosate) showed a decrease in live 

weight by 4.2% at the age of 35 days compared to the control Group 

I (p < 0.05; Fig. 1). The introduction of a mixture of probiotic bacteria 

into the feed (Group III) led to an increased body weight of birds com-

pared to Group II (p < 0.05). However, such an effect was not ob-

served with the additional introduction of an antibiotic (Group IV). 
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Fig. 1  Live weight of broilers at 35 days. I–IV, numbers of experi-

mental groups 

 

Results of the microbiome study in the caecal appendages of birds 

using the NGS sequencing method are presented in Figs. 2 and 3. As 

can be seen from Fig. 2, there was a decline in the bacteria of the 

superphylum Bacteroidota in the intestine of Group II birds (against 

the background of glyphosate in mono-mode) by 10.5% in favor of an 

increase in Firmicutes members as compared to the control Group I 

(p < 0.05). The decrease in Bacteroidota could have made a negative 

contribution to the physiological processes of the birds’ body. Fer-

mentation of carbohydrates by representatives of this taxon leads to 

the formation of a pool of volatile fatty acids reabsorbed through the 

large intestine and used by the host as a source of energy, providing a 

significant part of its needs [19]. With the introduction of a mixture 

of probiotic bacteria along with antibiotics (Group IV), some correc-

tion of dysbiosis disorders caused by glyphosates was observed, i.e., 

an increase in Bacteroidota by 6.2% and a reduction in Firmicutes as 

compared to Group II (p < 0.05). 
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Fig. 2  Taxonomic composition of the broiler gut microbiome at the 

phylum level using NGS sequencing. I–IV, numbers of experimental 

groups; 1–3, numbers of birds (replicates) within one experimental 

group 
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Fig. 3  Taxonomic representation of the most significant genera of 

bacteria in the intestinal chyme of broilers using NGS sequencing. I–

IV, numbers of experimental groups; 1–3, numbers of birds (repli-

cates) within one experimental group 

 

In addition, an 8.7-fold increase in the number of Streptococcus bac-

teria was noted against the background of glyphosate in mono-mode 

(Group II) compared to the control Group I (p < 0.05; Fig. 3). When 

a mixture of probiotic bacteria was added to the feed (Group III), as 

well as bacterial strains in combination with antibiotics (Group IV), a 

reduction in the number of Streptococcus spp. was noted compared to 

Group II (p < 0.05). Some representatives of Streptococcus spp., for 

example, S. equi subsp. zooepidemicus, can cause acute septicemia 

with mortality rates in poultry from 11% to 80%. A fecal type of 

spread of this pathogen, present in the caecal appendages of the bird’s 

intestine, was noted [20]. 

Using bioinformatic methodologies, we reconstructed and predicted 

the functional content of the microbial community in the caecal ap-

pendices of birds. As a result, 319 different metabolic pathways of the 

gut microbiome were annotated. The greatest changes (p < 0.05) in 
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the level of predicted functional potential were observed in relation to 

10 pathways in birds of different experimental groups (Fig. 4). 
 

 

Fig. 4  Data of functional annotation of metabolic pathways from the 

caecum microbial community in the broiler intestine in different ex-

perimental groups (I–IV) 
 

In Group II birds compared to Group I, there was a significant de-

cline (p < 0.05) in various types of predicted microbiome metabolic 

pathways in the intestinal chyme. In particular, these were associated 

with energy (tricarboxylic acid cycle), carbohydrate (fucose, sucrose 

and D-galactarate degradation, etc.), protein types of metabolism, 

methanogenesis, cofactor synthesis, etc. This could affect the change 

in the body weight of birds against the background of glyphosate. 

Thus, a decrease in the intensity of the Krebs cycle could lead to a 

disruption of energy metabolism in the intestine, since the Krebs cycle 

plays a central regulatory role in the functioning of macro- and mi-

croorganisms. It is a complex, multi-step sequence of reactions that 

supply energy and plastic equivalents, as well as reduced and phos-

phorylated cofactors of the main biosynthetic pathways that largely 

determine the subsequent intensity and direction of the main meta-

bolic flows [21]. 

Under the influence of adding antibiotics to the mixture of probiotic 

bacterial strains (Group IV), there was a pronounced intensification 

(p < 0.05) of the level of the described metabolic pathways compared 

to Groups II (glyphosate) and III (glyphosate against the background 
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of probiotic strains). This may be associated with different levels of 

body weight gain in the experimental groups. 

4. Conclusion 

A decrease in body weight of broilers was herein observed against 

the background of glyphosate present in feed. The occurrence of 

dysbiotic changes in the caecum microbiome composition was also 

noted. In particular, the content of the Bacteroidota superphylum bac-

teria decreased and the proportion of Firmicutes increased. Also, an 

increase in the number of the Streptococcus genus members was 

noted, among which there are known bird pathogens. These taxa can 

be designated as markers associated with such a stress factor as the 

effect of a xenobiotic herbicide on the body of birds. Disturbances in 

the number of intestinal microbiota were associated with changes in 

several predicted metabolic pathways. This may be associated with 

dysregulation of host metabolic pathways and a decrease in meat 

productivity. The use of probiotics is a promising direction for restor-

ing the composition and functions of the intestinal microbiome of 

birds, compromised under the influence of xenobiotics, as well as im-

proving productivity. 
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