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ABSTRACT The microbiome profiles of poultry production systems significantly impact 
bird health, welfare, and the environment. This study investigated the influence of 
broiler-rearing systems on the microbiome composition of commercial and backyard 
chicken farms and their environment over time. Understanding these effects is vital for 
optimizing animal growth, enhancing welfare, and addressing human and environmen­
tal health implications. We collected and analyzed various samples from commercial and 
backyard farms, revealing significant differences in microbial diversity measurements 
between the two systems. Backyard farms exhibited higher alpha diversity measure­
ments in soil and water samples, while commercial farms showed higher values for 
litter and feeder samples. The differences in microbial diversity were also reflected 
in the relative abundance of various microbial taxa. In backyard farms, Proteobacte­
ria levels increased over time, while Firmicutes levels decreased. Campilobacterota, 
including the major poultry foodborne pathogen Campylobacter, increased over time 
in commercial farm environments. Furthermore, Bacteroides, associated with improved 
growth performance in chickens, were more abundant in backyard farms. Conversely, 
pathogenic Acinetobacter was significantly higher in backyard chicken fecal and feeder 
swab samples. The presence of Brevibacterium and Brachybacterium, associated with 
low-performing broiler flocks, was significantly higher in commercial farm samples. 
The observed differences in microbial composition and diversity suggest that farm 
management practices and environmental conditions significantly affect poultry health 
and welfare and have potential implications for human and environmental health. 
Understanding these relationships can inform targeted interventions to optimize poultry 
production, improve animal welfare, and mitigate foodborne pathogens and antimicro­
bial resistance risks.

IMPORTANCE The microbiome of poultry production systems has garnered significant 
attention due to its implications on bird health, welfare, and overall performance. 
The present study investigates the impact of different broiler-rearing systems, namely, 
commercial (conventional) and backyard (non-conventional), on the microbiome profiles 
of chickens and their environment over time. Understanding the influence of these 
systems on microbiome composition is a critical aspect of the One-Health concept, 
which emphasizes the interconnectedness of animal, human, and environmental health. 
Our findings demonstrate that the type of broiler production system significantly affects 
both the birds and their environment, with distinct microbial communities associated 
with each system. This study reveals the presence of specific microbial taxa that differ 
in abundance between commercial and backyard poultry farms, providing valuable 
insights into the management practices that may alter the microbiome in these settings. 
Furthermore, the dynamic changes in microbial composition over time observed in our 
study highlight the complex interplay between the poultry gut microbiome, environ­
mental factors, and production systems. By identifying the key microbial players and 
their fluctuations in commercial and backyard broiler production systems, this research 
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offers a foundation for developing targeted strategies to optimize bird health and 
welfare while minimizing the potential risks to human and environmental health. The 
results contribute to a growing body of knowledge in the field of poultry microbiome 
research and have the potential to guide future improvements in poultry production 
practices that promote a sustainable and healthy balance between the birds, their 
environment, and the microbial communities they host.

KEYWORDS poultry microbiome, broiler farming, relative abundance, marker taxa, 
temporal changes

P oultry meat is one of the most consumed meats around the world. However, 
it is also a major reservoir for major foodborne pathogens. The gastrointestinal 

tracts of chickens are relatively short and possess a quicker transit time than mam­
mals (1). The gastrointestinal tract contains diverse microbiota, and their metabolites 
significantly enhance nutrient absorption and immune function (2). Closely related hosts 
seem to share a more similar microbiome composition than distantly related hosts 
(3, 4). However, environmental factors contribute to significant alterations in the host 
microbiome, and the rearing system may affect the chicken gastrointestinal microbiome 
(5). Stress due to change in rearing conditions, such as heat stress, lead to gut dysbiosis 
and reduce alpha diversity of microbiome composition (6). Globally, antibiotics have 
been used for growth promotion, treatment, prevention, and control of diseases, and 
antibiotic use could result in gut dysbiosis in chickens (7). It is important to understand 
factors that affect a balanced gut microbiome, as it is essential for maintaining a healthy 
gut environment for normal functioning of chicken metabolism.

Consumers in the United States are shifting their preference for non-conventionally 
raised meat and eggs (8). Traditionally, poultry has been reared in an intensive indoor 
floor system. Pasture-raised or free-range chicken production continues to grow in 
popularity and is linked economically to local markets (9). Moreover, organically raised 
antibiotic-free meat and eggs are gaining more popularity globally (10). However, food 
safety, nutrition, meat quality, and processing are major concerns in pasture-raised 
poultry (11). Further research is needed to understand environmental issues better and 
the food safety of pasture-raised poultry as local retail markets have become more 
prominent (12). Moreover, there is an urgent need to optimize the health and perform­
ance of pasture-raised chickens (13). Additionally, there are challenges and benefits 
associated with pasture flock broiler production. For example, microbial communities in 
birds reared in nonconventional farms harbor microorganisms with potential probiotic 
properties. However, environmental stressors such as heat stress and parasites can 
contribute to bird health (13).

Poultry production can have a significant impact on the environmental microbiome. 
The introduction of large numbers of poultry into an area can increase nutrient levels 
and alter the existing microbial communities in the environment (14). Poultry waste is a 
major source of nutrients such as nitrogen and phosphorus, which can lead to eutrophi­
cation (an overabundance of plant growth) in aquatic ecosystems (15). This increased 
nutrient availability provides ideal conditions for certain bacteria species to flourish while 
reducing populations of other microbes that are not able to compete under these altered 
conditions (16). Additionally, changes in temperature and water pH caused by poultry 
operations may further affect microbial diversity within affected environments (17).

Most research addressing poultry production’s impact on environmental impacts has 
focused on conventional production systems (12). Minimal studies investigate pasture-
raised poultry production’s impact on environmental impact. This study investigates the 
effects of conventional and pasture-raised broiler production systems on poultry and 
environment microbiomes. To achieve this, we sampled five commercial (conventional) 
and five pasture-raised (non-conventional) broiler farms three times throughout the 
production period. Fecal and environmental samples were collected, and their micro­
biome profiles were analyzed to delineate the compositional differences.
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MATERIALS AND METHODS

Farm demographics and operational practices

The study involved sampling from five commercial farms and five backyard farms, 
adhering to the minimum inclusion criteria of raising at least 100 chickens without the 
usage of antibiotics as growth promoters. The anonymous data were safeguarded by 
a coding system, assuring confidentiality of farm information. Our sampling protocol 
varied according to the type of farm; backyard farms were visited thrice during the 
production cycle, specifically on days 10, 31, and 52, while commercial farms were 
visited on days 10, 24, and 38, reflecting the more rapid pace of broiler production 
in these environments. The chosen time points likely represent key stages in the 
broiler’s growth and health, allowing the study to capture meaningful changes in the 
microbiome across their accelerated growth period. The commercial farms, employing 
an intensive production system, reared thousands of birds indoors, with new litter 
added prior to each stocking cycle. Composting was not implemented in these settings. 
Conversely, backyard farms, which usually raise between 100 and 1,000 birds at a time, 
practiced on-site composting and a daily rotation of pens on the pasture. Furthermore, 
multiple livestock species were maintained in the backyard farms. A marked contrast 
was observed in biosecurity measures between the two farm types. Commercial farms 
implemented rigorous procedures such as tire washes, foot dips, and personal protec­
tive equipment usage. However, biosecurity practices in backyard farms were more 
varied, with gum boots being the most common protective gear used. Lastly, the typical 
production duration in commercial farms was 5–6 weeks, with backyard farms taking a 
slightly longer time of 8–10 weeks. This may reflect the differences in breed genetics and 
production strategies between the two settings. However, data collection did not include 
a baseline microbiome sample at day 0 (chick placement), an aspect that could have 
provided valuable insight into initial conditions. The specific rationale for the chosen 
time points of farm visits pertained to the different production schedules of commercial 
and backyard farms.

Sample collection

This study aimed to investigate the effect of the broiler production system on the 
microbiome. Various samples were collected from five backyard and five commercial 
farms in an effort to assess both bird and environmental microbiomes. The samples 
collected from each farm during each visit include ten fecal samples, five soil samples, 
five litter and/or compost samples, and six swabs split between waterers and feeders. 
The collected samples were snap frozen until processing. Each backyard farm was 
sampled at three time points: 10, 31, and 52 d of production. Since the commercial 
farms rear chickens for a shorter period than backyard farms, sampling times were 10, 24, 
and 38 d of production.

DNA extraction and sequencing

Total DNA was extracted using DNeasy PowerLyzer Powersoil Kit (Qiagen, MD, United 
States), and all DNA samples were kept at −20°C until further analysis using the Illumina 
MiSeq sequencing platform. Each sample’s total DNA was fragmented and tagged with 
sequencing adapters using Nextera XT DNA Library Preparation Kit (Illumina, San Diego, 
CA). As previously described, the gene-specific sequence targeted the 16S V3 and V4 
regions (18). Metagenomic sequencing yielded an average of ~1 million reads/sample. 
Following sequencing, all reads were quality assessed, and the paired-end was merged. 
The PCR products were pooled in equal proportions based on their molecular weight 
and concentrations. Illumina DNA library was prepared using the calibrated Ampure 
beads-purified PCR products with a final loading concentration of 3 pM and 25% PhiX 
control. Sequencing was performed using MiSeq V3 Kit on a MiSeq at 300 bp, 60 cycles, 
and in paired-end mode.

Research Article Microbiology Spectrum

Month XXXX  Volume 0  Issue 0 10.1128/spectrum.01682-23 3

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/s

pe
ct

ru
m

 o
n 

23
 A

ug
us

t 2
02

3 
by

 1
52

.7
.2

55
.2

04
.

https://doi.org/10.1128/spectrum.01682-23


Statistical and network analysis

A customized workflow of the Divisive Amplicon Denoising Algorithm (DADA2 v1.10) 
package was used to process the sequencing data (19). A table of amplicon sequence 
variants (ASVs) was obtained by denoising using a customized workflow. The work­
flow includes quality control, primer removal, denoising, and taxonomy assignments. 
Cutadapt was used to trim forward and reverse primers, and reads were merged to create 
a paired-end sequence. Quality checking (QC) was performed to check the read lengths 
and the quality of the joined sequences. The final output was in the form of a BIOM table 
with all the information regarding the sequences, abundances of ASVs, and the assigned 
taxa information.

All analyses were performed using the MicrobiomeAnalyst, platform. MicrobiomeAna­
lyst is a comprehensive statistical, visual, and meta-analysis tool for microbiome data that 
utilizes the MicrobiomeAnalyst R package for statistical analysis and graphical outputs. 
Low abundant features were filtered based on a 20% prevalence filter and a minimum 
count set at 4. The low variance features were removed based on the interquartile range 
with a cutoff range of 10%. All samples were rarified to even sequencing depth based 
on the sample having the lowest sequence depth, and the remaining features were 
normalized using the total sum scaling (TSS) method. Alpha diversity was calculated 
using the observed species, Chao1, Simpson, ACE, Fisher and Shannon indexes with a 
t-test or ANOVA statistical analysis. For the beta diversity and significant testing, the 
PCoA ordination method was used with the Bray-Curtis index at the species level, and 
PERMANOVA was applied as the statistical method. The core microbiome analysis was 
conducted at the genus and phylum levels with a relative abundance of 0.01 and a 
sample prevalence of 20.

Moreover, a pattern search was conducted to identify microbiome patterns at all 
growth stages using the SparCC correlation at the order level. Linear discriminant 
analysis (LDA) was used for the biomarker analysis. The platform performs a non-
parametric factorial Kruskal-Wallis sum-rank test to identify features with significant 
differential abundance considering the class of interest, followed by LDA to calculate 
the effect size of each differentially abundant feature. The heat tree was plotted using 
a Wilcoxon p-value cutoff −0.05. The features are considered significant depending on 
their adjusted p-value. The default Wilcoxon p-value cutoff is −0.1, and the LDA score is 
2.0.

RESULTS

Alpha diversity measurements

Different alpha diversity measurements were calculated between the backyard and 
commercial farms (Table 1). The alpha diversity measurements of fecal samples were 
very similar between commercial and backyard farms, and no significant difference 
was detected for any alpha diversity indexes. The observed species defines the species 
richness by measuring the number of different species per sample. The observed species 
index was significantly higher in commercial farms for the soil and water samples, and 
it was higher in litter samples of backyard farms. However, there was no significant 
difference in feeder samples. The Chao1 index gives more weight to rare species by 
considering the ratio of singletons to doubletons in addition to species richness. The 
Chao1 and ACE measurements were significantly higher in soil and water samples of 
backyard samples; however, they were higher in litter and feeder samples of commercial 
farms. Regarding diversity, not only the qualitative number of species but also the actual 
abundance of observed species must be considered. The Shannon index takes into 
account both species richness and evenness. The Simpson index measures diversity by 
considering the relative abundance of each species and the number of species present. 
The Simpson index of litter and water samples of backyard farms was significantly higher 
than those in commercial farms. Fisher’s alpha diversity index was higher in backyard 
farm soil, feeder, and water samples. Overall, alpha diversity measurements of soil and 
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water samples were higher in backyard farms, and values of litter and feeder samples 
were higher in commercial farms.

Beta diversity and relative abundance

The relative abundance of top microbes with higher proportions is shown in Fig. 1A. 
The fecal samples from backyard farms were found to have more Firmicutes, Bacter­
iodota, Desulfobacteria, Synergitota, Fusobacteriota, and Campilobacterota. However, 
there were more Actinobacteriodota in commercial farms compared to backyard farms. 
Soil samples from both backyard and commercial farms exhibited more richness and 
evenness, and Proteobacteriota was the major phylum in both groups. The proportion 
of Firmicutes and Bacteriodota was higher in backyard farm soil, while Actinobacter­
iota and Aidobacteriota were higher in commercial farms. Litter samples of commer­
cial farms were less diverse, and Firmicutes and Actinobateriodota account for most 
of the microbial composition. However, the litter samples of backyard farms constitu­
ted significantly higher proportions of Proteobacteria and Bacteroidota. Feeder and 
waterer samples of both commercial and backyard farms contain higher proportions of 
Firmicutes. Proteobacteria was the second highest proportionate phylum in feeders of 
backyard farms, while it was Actinobacteriota in commercial farms. The proportion of 
Proteobacteriota and Bacteroidota was significantly higher in backyard farms compared 
to commercial farms. Feature-level dissimilarities between the microbial composition of 
commercial and backyard farms were tested using the PCoA ordination method using 
the Bray-Curtis distance index and PERMANOVA as a statistical method. PCoA results 
are displayed in Fig. 1B. Litter and feeder samples were clearly separated, indicating 
prominent differences in their microbiome composition of commercial and backyard 
farms. Fecal samples of commercial farms (blue dots) were shifted to the left, indicating 
a compositional difference. However, the soil samples of backyard farms (red dots) were 
clustered within the commercial farms. Waterer samples of backyard farms formed a 
compact cluster inside commercial farms; however, significant overlap was detected.

Changes in microbiome composition depending on poultry farming systems

Significant taxa are ranked in decreasing order by their Linear Discriminant Analysis 
Effect Size (LEfSe) scores (Fig. 2). The LEfSe algorithm is used to discover and inter­
pret metagenomics data by employing the Kruskal-Wallis rank sum test. LEfSe detects 
features with significant differential abundance, followed by LDA to evaluate the effect 
size of differentially abundant features. Differentially abundant features were detected 
in different samples collected from commercial and backyard farms. Out of the top 15 
differentially abundant genera in fecal samples, eight genera, Bacteroides, Megamonas, 
Desulfovibrio, Acinetobacter, Phasobacterium, Tepidibacter, Synerggistes, and Fusobacte­
rium were significantly higher in backyard farms, while Nocardioposis, Jeotgalicoccusl, 
Atopostipes, Salinicoccus, Brevibacterium, Brachybacterium, and Staphylococcus were 
significantly higher in commercial farms.

TABLE 1 Alpha diversity measurements of various samples collected from commercial and backyard broiler farms

Alpha 

diversity

Fecal Soil Litter Feeder Waterer

Backyard Commercial Backyard Commercial Backyard Commercial Backyard Commercial Backyard Commercial

Observed 396 404 1410a 992 256 267a 417 533 264a 194

Shannon 3.77 3.67 5.58 6.02a 4.27a 3.83 3.91 4.11 3.70a 2.92

Simpson 0.93 0.93 0.97 0.98 0.96a 0.94 0.92 0.93 0.91a 0.78

Chao1 451 ± 14 463 ± 19 1,656 ± 34a 1,179 ± 30 285 ± 11 375 ± 29a 457 ± 13 594 ± 16a 342 ± 23a 232 ± 14

ACE 451 ± 10 453 ± 10 1,656 ± 18a 1,176 ± 15 285 ± 8 383 ± 10a 453 ± 10 589 ± 11a 341 ± 9 233 ± 7a

aindicates that the value is significantly higher in that production system.
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FIG 1 Microbiome composition and beta diversity measurements of different samples from commercial and backyard broiler 

production systems. (A) The panel on the left shows relative abundance of major phyla, and (B) the panel on the right shows 

beta diversity measurements.
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FIG 2 Linear Discriminant Analysis based on Effect Size scores. The placement of feature toward the right indicates that it is higher in backyard farms, and the 

placement of feature toward the left indicates that it is higher in commercial farms.
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Microbiome clustering and differences in the abundance of community 
composition

A hierarchical clustering analysis was conducted for all the samples from commercial 
and backyard farms. The dendrogram in Fig. 3A and B show the Ward clustering 
based on Bray-Curtis distances of all the samples based on sample types. Clustering 
showed different patterns in commercial and backyard farms. In commercial farms, 
sample-dependent clustering was observed. In backyard farms, soil and litter samples 
were clustered together. Taxonomic differences in microbial communities of commercial 
and backyard farms at the family level are represented in the heat tree (Fig. 3C). In Fig. 3C, 
blue and red indicate that corresponding taxa are lower and higher in commercial farms 
compared to backyard farms. It is noted that Pectobacteriaceae and Moraxellaceae are 
lower in commercial farms compared to backyard farms. However, Bacillaceae, Clostridia­
ceae, Carnobacteriaceae, Staphylococcaceae, Corynebacteriaceae, and Ruminococcaceae 
are higher in commercial farms. Overall, Cyanobacteria, Firmicutes, Desulfobacteria, 
and Actinobacteria are significantly higher in commercial farms, while Proteobacteria, 
Fusobacteria, Bacteriodota, Campilobacteriota, and Acidobacteriota are significantly 
higher in backyard farms (Fig. 3D).

Changes in microbiome profiles over time

Hierarchical clustering and heatmap visualize differences in abundance at the genus 
level, which is clustered using the Ward algorithm and Euclidean distance measurement 
(Fig. 4A). In backyard farms, the levels of Firmicutes in soil, litter, and swab samples 
tend to decrease with time; they were lower during the third visit compared to the 
first visit. Moreover, the levels of Proteobacteria increased with time in the sample from 
backyard farms. In backyard farms, Proteobacteria, Euryarchaeota, Vernucomicrobiota, 
and Chloroflexi exhibited a temporal increase, with the lowest abundance during the first 
visit and the highest abundance during the third visit (Fig. 4B). However, Campilobacter­
ota and Firmicutes levels were highest during the first visit and lowest during the third 
visit. However, Campilobacterota levels were lower during the first and second visits to 
commercial farms. In addition, Desulfobacterota abundance increased consistently over 
time in commercial farms (Fig. 4C).

DISCUSSION

The microbiome of poultry production systems is an important area of research, as 
it can provide insights into the health and welfare of the birds being raised. This 
study aimed to investigate how the broiler-rearing system structures the microbiome 
profiles of commercial (conventional) and backyard (non-conventional) chicken and their 
environment over time. Given the importance of the microbiome for animal, human, and 
environmental health, identifying taxa that differ significantly in abundance according 
to broiler production system may be particularly important as a previously underap­
preciated aspect of One-Health. The population of Proteobacteria in backyard farms 
demonstrated a rising trend over time, whereas the number of Firmicutes showed a 
decreasing trajectory. In commercially raised poultry, there was an upward trend in the 
prevalence of Campilobacterota, which includes Campylobacter, a primary pathogen 
causing foodborne diseases originating from poultry. Interestingly, a greater abundance 
of Bacteroides, which is associated with enhanced growth rates in chickens, was observed 
in backyard farms. However, a drawback was the significant increase in the concentra­
tion of potentially harmful Acinetobacter in samples from both backyard chicken feces 
and feeder swabs. Commercial farms, on the other hand, saw a marked increase in 
Brevibacterium and Brachybacterium, bacteria associated with broiler flocks that perform 
poorly. The implications of these findings can significantly impact the poultry farming 
industry. The increasing levels of Proteobacteria and Bacteroides in backyard farms might 
suggest a potential for improved growth performance in these environments. However, 
the higher presence of Acinetobacter poses a health risk that needs to be managed. On 
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FIG 3 Hierarchical clustering and relative abundance. (A) Dendrogram showing hierarchical clustering of commercial farm samples. (B) Dendrogram showing 

hierarchical clustering of backyard farm samples. (C) Heat tree representing the difference in taxonomic abundance. Blue and red indicate that corresponding 

taxa are lower and higher in commercial farms compared to backyard farms. (D) Correlation of top phyla associated with commercial and backyard farms.
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the commercial side, the increasing presence of the foodborne pathogen Campylobacter 
requires vigilance and proactive strategies to prevent potential outbreaks. The presence 
of Brevibacterium and Brachybacterium, indicators of low-performing broiler flocks, might 
suggest a need for improved farming practices to enhance the productivity and overall 
health of the flocks in commercial farm environments.

The broiler production system can alter the taxonomic composition of the micro­
biome in commercial and backyard poultry farms by promoting certain microbial 
groups while suppressing others (20). In commercial settings, modern management 
practices such as proper sanitation, cleaning, disinfection protocols, and vaccination use 
have drastically reduced or eliminated many species of commensal bacteria tradition­
ally associated with chickens, leading to a decrease in biodiversity and an increased 
prevalence of avian pathogenic organisms such as Salmonella (21). Simultaneously, some 
beneficial microbes that are involved in nutrient utilization or immune modulation have 
been found to be enriched through these measures (22). Backyard flocks usually keep 
a more diverse microbiota compared to intensively reared flocks due to fewer sanitary 
interventions; however, this diversity is still influenced by farm size and environmental 
conditions (20).

In this study, we observed a significant relationship between the type of broiler 
production system and the microbial composition of environmental and fecal samples. 
The type of poultry production system significantly affected the overall profile of the 
microbial community measured at phylum, family, genus, and feature levels. Diversity 
measurements such as species richness, evenness, and abundance were also significantly 
different according to farm type. However, we did not observe any significant difference 
in alpha diversity measurements of fecal samples from conventional and pasture-raised 
broilers. A study by Rama shows that the alpha diversity measurements of conventional 
and non-conventional farms did not differ until day 43; however, they started diverging 
after that with higher diversity measurements exhibited in non-conventional farms (23). 
In this study, the slaughter age of broilers raised in conventional farms was around 42–49 
d, and our last sampling time was day 38 in conventional farms. However, the alpha 

FIG 4 Changes in microbiome profiles over time. (A) Heat map shows relative abundance of various phyla. (B) Correlation of top phyla associated with first 

(V1), second (V2), and third (V3) visits in backyard farms. (C) Correlation of top phyla associated with first (V1), second (V2), and third (V3) visits in backyard farms.
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diversity measurements of fecal samples increased with age in both conventional and 
non-conventional farms (Fig. S1). The results were consistent with other studies, which 
reported a dramatic increase by 7 d of age (24, 25). It is well known that environmental 
conditions affect the fecal microbiome of chickens; however, there are very few studies 
looking into the effect of broiler rearing on the environment. In this study, we observed 
an increase in alpha diversity measurement, observed species, Chao1, and ACE higher 
in backyard farms compared to conventional farms. However, the Shannon and Simpson 
values were higher in soil samples from conventional farms than non-conventional 
farms. In conventional farms, huge fans used for ventilation carry dust outside, and 
it was shown that farm dust increases the Simpson and Shannon indexes of broiler 
farms (26). Numerous studies have attempted to characterize microbiome communities 
in poultry feces, litter, waterers, and feeders into one. However, poultry farms have 
distinct areas with different microbiome profiles. Feeders of commercial farms exhibited 
significantly higher alpha diversity compared to backyard farms. In contrast, commercial 
farm waterers had significantly lower alpha diversity than backyard farms. It has been 
noted that distinct parts of broiler farms have characteristic microbiome profiles (27). 
In addition, the farm’s management practices such as feeding, housing, waste manage­
ment, irrigation practices, antibiotic usage, use of pesticides, and rotation of livestock, 
also significantly impact the fecal and environmental microbiome (28). Variations in the 
management practices and environment of conventional and non-conventional farms 
may contribute to the differences in the microbiome profiles of their corresponding 
samples.

Depending on the broiler production system, several taxonomic groups had 
significantly different relative abundances. Correlation analysis reveals that members 
of phyla Cyanobacteria, Firmicutes, and Actinobacteria were highly correlated with 
commercial farms compared to backyard farms. Acidobacteriota, Campilobacterota, 
Bacteriodota, Fusobacteriota, and Proteobacteria were significantly higher in backyard 
farm settings compared to commercial farms. At the genus level, Bacteroides were 
highly abundant in the fecal samples of backyard farms compared to commercial farms. 
Bacteroides in the chicken gut are associated with increased body weight gain, low 
abdominal fat, improved breast muscle yield, and enhanced growth performance in 
chickens (29). Bacteroides and Lactobacillus were associated with high body weight gain, 
low abdominal fat, high breast muscle yield, and increased growth performance in 
chickens (29). Desulfovibrio was significantly higher in the backyard farms, and Desulfovi­
brio contributes to the removal of free hydrogen formed during anaerobic fermentation 
by consuming free hydrogen (30). Acinetobacter was significantly higher in backyard 
chicken fecal and feeder swab samples. Acinetobacter is pathogenic bacteria and is 
often associated with multidrug resistance, and multidrug resistant A. pullorum has been 
isolated from chicken meat (31, 32). Genera, Brevibacterium and Brachybacterium, and 
Salinococcus were significantly higher in the fecal, litter, feeder swabs, and waterer swabs 
of commercial farms. The presence of Brevibacterium and Brachybacterium was associ­
ated with low-performing broiler flocks (33). Studies conducted by Lu et al. show that 
Salinococcus was a predominant genus in broiler ceca and litter (34, 35). Furthermore, 
Salinococcus and Atopostipes were significantly higher in commercial farm soil, litter, and 
fecal samples. It is possible that ventilation could have helped the dissemination of these 
bacteria from inside the commercial farm to the outside environment.

Poultry microbiome research has demonstrated that the dynamic nature of micro­
bial communities in poultry can vary significantly over time, with new species becom­
ing more or less active and relationships between bacteria evolving. Changes to the 
microbiota due to stressors such as husbandry factors, feed additives, and environmental 
changes are also important components for understanding dynamics in the poultry 
microbiome (36–38). There is evidence suggesting that different production systems 
and dietary regimes have a pronounced effect on the composition and diversity of the 
microbial community within poultry (39–41). This includes shifts in major phyla present 
as well as particular genera associated with health outcomes (42). Recent studies have 
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reported various changes, such as an increase in Proteobacteria when chickens were 
exposed to heat stress compared to cooler conditions (43) or changes in Firmicutes 
abundance induced by animal genetics or rearing practices under commercial conditions 
(44–46). Overall, it is clear that poultry gut microbiomes undergo dynamic alterations 
over time that can be impacted by a variety of internal and external influences. Studying 
these microbe populations could help optimize the growth performance of animals 
while improving their welfare status. In our study, changes in microbiome composition 
over time were detected. Significant changes were observed, especially in backyard 
farms as compared to commercial farms. We observed a dynamic change in the levels 
of Proteobacteria and Firmicutes in backyard farms; Proteobacteria increased over time 
while Firmicutes levels decreased. However, Campilobacterota, which consists of the 
major poultry foodborne pathogen, Campylobacter, increased over time in commercial 
farm environments. Overall, the results show distinct patterns of microbial composition 
changes over time in commercial and backyard farms.

Conclusion

The microbiome of poultry production systems has been increasingly recognized as 
a critical factor in the health and performance of birds. In this study, we aimed to 
explore the microbiome profiles of two different poultry production systems: conven­
tional and outdoor-raised. We collected fecal and environmental samples from birds 
within each system and used high-throughput sequencing techniques to analyze the 
microbial communities. Our results showed significant differences in the microbiome 
composition between the two systems, with the conventional system having a more 
uniform microbiome and the outdoor-raised system having the highest diversity and 
abundance of potentially harmful bacteria. These findings provide insight into the 
impact of production systems on the poultry microbiome and have implications for 
optimizing bird health and performance, food safety, and public health.

ACKNOWLEDGMENTS

This research was supported by U.S. Department of Agriculture (USDA) grant 2020–
69012-31823.

AUTHOR AFFILIATION

1Department of Population Health and Pathobiology, North Carolina State University, 
Raleigh, North Carolina, USA

AUTHOR ORCIDs

Muhammed Shafeekh Muyyarikkandy  http://orcid.org/0000-0003-3405-5440

FUNDING

Funder Grant(s) Author(s)

U.S. Department of Agriculture (USDA) 2020-69012-31823 Siddhartha Thakur

AUTHOR CONTRIBUTIONS

Muhammed Shafeekh Muyyarikkandy, Conceptualization, Data curation, Formal analysis, 
Investigation, Methodology, Project administration, Software, Supervision, Validation, 
Visualization, Writing – original draft, Writing – review and editing | Jessica Parzygnat, 
Project administration, Writing – review and editing | Siddhartha Thakur, Conceptualiza­
tion, Investigation, Methodology, Project administration, Supervision, Validation, Writing 
– review and editing, Funding acquisition, Resources

Research Article Microbiology Spectrum

Month XXXX  Volume 0  Issue 0 10.1128/spectrum.01682-23 12

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/s

pe
ct

ru
m

 o
n 

23
 A

ug
us

t 2
02

3 
by

 1
52

.7
.2

55
.2

04
.

https://doi.org/10.1128/spectrum.01682-23


DATA AVAILABILITY

The sequence data generated in this study were deposited in the National Center for 
Biotechnology Information Short Read Archive database under BioProject PRJNA988252. 
The SRA accession numbers and metadata are provided in the supplementary metadata 
file.

ADDITIONAL FILES

The following material is available online.

Supplemental Material

Figure S1 (Spectrum01682-23-s0001.pdf). Alpha diversity measurement (Chao1) of 
fecal samples collected from broiler chickens during multiple visits. The data set 
combined samples obtained from both commercial and backyard farms. The data 
clearly demonstrate a progressive increase in the alpha diversity measurement with each 
subsequent visit.
Metadata (Spectrum01682-23-s0002.txt). All the metadata and accession numbers of 
sequence data submitted as NCBI Bioproject PRJNA988252.

Open Peer Review

PEER REVIEW HISTORY (review-history.pdf). An accounting of the reviewer comments 
and feedback.

REFERENCES

1. McWhorter TJ, Caviedes-Vidal E, Karasov WH. 2009. The integration of 
digestion and osmoregulation in the avian gut. Biol Rev Camb Philos Soc 
84:533–565. https://doi.org/10.1111/j.1469-185X.2009.00086.x

2. De Cesare A, Faria do Valle Ì, Sala C, Sirri F, Astolfi A, Castellani G, 
Manfreda G. 2019. Effect of a low protein diet on chicken ceca 
microbiome and productive performances. Poult Sci 98:3963–3976. 
https://doi.org/10.3382/ps/pez132

3. Lim SJ, Bordenstein SR. 2020. An introduction to phylosymbiosis. Proc 
Biol Sci 287:20192900. https://doi.org/10.1098/rspb.2019.2900

4. Kohl KD. 2020. Ecological and evolutionary mechanisms underlying 
patterns of phylosymbiosis in host-associated microbial communities. 
Philos Trans R Soc Lond B Biol Sci 375:20190251. https://doi.org/10.
1098/rstb.2019.0251

5. Chen S, Xiang H, Zhang H, Zhu X, Wang D, Wang J, Yin T, Liu L, Kong M, Li 
H, Zhao X. 2019. Rearing system causes changes of behavior, micro­
biome, and gene expression of chickens. Poult Sci 98:3365–3376. https://
doi.org/10.3382/ps/pez140

6. Zhang P, Yan T, Wang X, Kuang S, Xiao Y, Lu W, Bi D. 2017. Probiotic 
mixture ameliorates heat stress of laying hens by enhancing intestinal 
barrier function and improving gut microbiota. Ital J Anim Sci 16:292–
300. https://doi.org/10.1080/1828051X.2016.1264261

7. Zhang T, Ding H, Chen L, Lin Y, Gong Y, Pan Z, Zhang G, Xie K, Dai G, 
Wang J. 2021. Antibiotic-induced dysbiosis of microbiota promotes 
chicken lipogenesis by altering metabolomics in the cecum. Metabolites 
11:487. https://doi.org/10.3390/metabo11080487

8. Stanton J, Wirth FF, Dao Y. 2018. An analysis of consumers’ preferences 
between locally grown/processed food and organic food. Curr Investig 
Agric Curr Res 4:1–11. https://doi.org/10.32474/CIACR.2018.04.000180

9. Yue C, Lai Y, Wang J, Mitchell P. 2020. Consumer preferences for 
sustainable product attributes and farm program features. Sustainability 
12:7388. https://doi.org/10.3390/su12187388

10. Haque MH, Sarker S, Islam MS, Islam MA, Karim MR, Kayesh MEH, 
Shiddiky MJA, Anwer MS. 2020. Sustainable antibiotic-free broiler meat 
production: current trends, challenges, and possibilities in a developing 
country perspective. Biology 9:411. https://doi.org/10.3390/biol­
ogy9110411

11. Yeh C-H, Menozzi D, Török Á. 2020. Eliciting egg consumer preferences 
for organic labels and omega 3 claims in Italy and Hungary. Foods 
9:1212. https://doi.org/10.3390/foods9091212

12. Rothrock MJ, Gibson KE, Micciche AC, Ricke SC. 2019. Pastured poultry 
production in the United States: strategies to balance system sustaina­
bility and environmental impact. Front Sustain Food Syst 3:74. https://
doi.org/10.3389/fsufs.2019.00074

13. Jeni RE, Dittoe DK, Olson EG, Lourenco J, Seidel DS, Ricke SC, Callaway 
TR. 2021. An overview of health challenges in alternative poultry 
production systems. Poult Sci 100:101173. https://doi.org/10.1016/j.psj.
2021.101173

14. Ashworth AJ, DeBruyn JM, Allen FL, Radosevich M, Owens PR. 2017. 
Microbial community structure is affected by cropping sequences and 
poultry litter under long-term no-tillage. Soil Biol Biochem 114:210–219. 
https://doi.org/10.1016/j.soilbio.2017.07.019

15. Mallin MA, Cahoon LB. 2003. Industrialized animal production—a major 
source of nutrient and microbial pollution to aquatic ecosystems. Popul 
Environ 24:369–385. https://doi.org/10.1023/A:1023690824045

16. Paerl HW, Fulton RS, Moisander PH, Dyble J. 2001. Harmful freshwater 
algal blooms, with an emphasis on cyanobacteria. Sci World J 1:76–113. 
https://doi.org/10.1100/tsw.2001.16

17. Cavicchioli R, Ripple WJ, Timmis KN, Azam F, Bakken LR, Baylis M, 
Behrenfeld MJ, Boetius A, Boyd PW, Classen AT, Crowther TW, Danovaro 
R, Foreman CM, Huisman J, Hutchins DA, Jansson JK, Karl DM, Koskella B, 
Mark Welch DB, Martiny JBH, Moran MA, Orphan VJ, Reay DS, Remais JV, 
Rich VI, Singh BK, Stein LY, Stewart FJ, Sullivan MB, van Oppen MJH, 
Weaver SC, Webb EA, Webster NS. 2019. Scientists' warning to humanity: 
microorganisms and climate change. Nat Rev Microbiol 17:569–586. 
https://doi.org/10.1038/s41579-019-0222-5

18. Klindworth A, Pruesse E, Schweer T, Peplies J, Quast C, Horn M, Glöckner 
FO. 2013. Evaluation of general 16s ribosomal RNA gene PCR primers for 
classical and next-generation sequencing-based diversity studies. 
Nucleic Acids Res 41:e1. https://doi.org/10.1093/nar/gks808

19. Callahan BJ, McMurdie PJ, Rosen MJ, Han AW, Johnson AJA, Holmes SP. 
2016. DADA2: high-resolution sample inference from iIllumina amplicon 
data. Nat Methods 13:581–583. https://doi.org/10.1038/nmeth.3869

20. Díaz Carrasco JM, Redondo LM, Casanova NA, Fernández Miyakawa ME. 
2022. The role of farm environment and management in shaping the gut 

Research Article Microbiology Spectrum

Month XXXX  Volume 0  Issue 0 10.1128/spectrum.01682-23 13

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/s

pe
ct

ru
m

 o
n 

23
 A

ug
us

t 2
02

3 
by

 1
52

.7
.2

55
.2

04
.

https://www.ncbi.nlm.nih.gov/bioproject/?term=PRJNA988252
https://doi.org/10.1128/spectrum.01682-23
https://www.ncbi.nlm.nih.gov/bioproject/?term=PRJNA988252
https://doi.org/10.1111/j.1469-185X.2009.00086.x
https://doi.org/10.3382/ps/pez132
https://doi.org/10.1098/rspb.2019.2900
https://doi.org/10.1098/rstb.2019.0251
https://doi.org/10.3382/ps/pez140
https://doi.org/10.1080/1828051X.2016.1264261
https://doi.org/10.3390/metabo11080487
https://doi.org/10.32474/CIACR.2018.04.000180
https://doi.org/10.3390/su12187388
https://doi.org/10.3390/biology9110411
https://doi.org/10.3390/foods9091212
https://doi.org/10.3389/fsufs.2019.00074
https://doi.org/10.1016/j.psj.2021.101173
https://doi.org/10.1016/j.soilbio.2017.07.019
https://doi.org/10.1023/A:1023690824045
https://doi.org/10.1100/tsw.2001.16
https://doi.org/10.1038/s41579-019-0222-5
https://doi.org/10.1093/nar/gks808
https://doi.org/10.1038/nmeth.3869
https://doi.org/10.1128/spectrum.01682-23


microbiota of poultry, p 193–224. In Gut microbiota, immunity, and 
health in production animals. Springer, Berlin, Germany. https://doi.org/
10.1007/978-3-030-90303-9

21. Davies R, Wales A. 2019. Antimicrobial resistance on farms: a review 
including biosecurity and the potential role of disinfectants in resistance 
selection. Compr Rev Food Sci Food Saf 18:753–774. https://doi.org/10.
1111/1541-4337.12438

22. Fan Y, Forgie AJ, Ju T, Marcolla C, Inglis T, McMullen LM, Willing BP, Korver 
DR. 2022. The use of disinfectant in barn cleaning alters microbial 
composition and increases carriage of Campylobacter jejuni in broiler 
chickens. Appl Environ Microbiol 88:e0029522. https://doi.org/10.1128/
aem.00295-22

23. Rama EN. 2021. Characterization of broiler gut Microbiomes and 
pathogen prevalence in conventional and no antibiotics ever poultry 
production systems, Diss University of Georgia. https://esploro.libs.uga.
edu/esploro/outputs/doctoral/Characterization-of-broiler-gut-
microbiomes-and/9949375247802959.

24. Kumar S, Chen C, Indugu N, Werlang GO, Singh M, Kim WK, Thippareddi 
H, Venkitanarayanan K. 2018. Effect of antibiotic withdrawal in feed on 
chicken gut microbial dynamics, immunity, growth performance and 
prevalence of foodborne pathogens. PLoS One 13:e0192450. https://doi.
org/10.1371/journal.pone.0192450

25. Ballou AL, Ali RA, Mendoza MA, Ellis JC, Hassan HM, Croom WJ, Koci MD. 
2016. Development of the chick microbiome: how early exposure 
influences future microbial diversity. Front Vet Sci 3:2. https://doi.org/10.
3389/fvets.2016.00002

26. Luiken REC, Van Gompel L, Bossers A, Munk P, Joosten P, Hansen RB, 
Knudsen BE, García-Cobos S, Dewulf J, Aarestrup FM, Wagenaar JA, Smit 
LAM, Mevius DJ, Heederik DJJ, Schmitt H, EFFORT-group. 2020. Farm 
dust resistomes and bacterial microbiomes in European poultry and pig 
farms. Environ Int 143:105971. https://doi.org/10.1016/j.envint.2020.
105971

27. Locatelli A, Hiett KL, Caudill AC, Rothrock MJ. 2017. Do fecal and litter 
microbiomes vary within the major areas of a commercial poultry house, 
and does this affect sampling strategies for whole-house microbiomic 
studies. J Appl Poult Res26:325–336. https://doi.org/10.3382/japr/
pfw076

28. Crippen TL, Sheffield CL, Singh B, Byrd JA, Beier RC. 2019. How 
management practices within a poultry house during successive flock 
rotations change the structure of the soil microbiome. Front Microbiol 
10:2100. https://doi.org/10.3389/fmicb.2019.02100

29. Zheng M, Mao P, Tian X, Guo Q, Meng L. 2019. Effects of dietary 
supplementation of alfalfa meal on growth performance, carcass 
characteristics, meat and egg quality, and intestinal microbiota in 
Beijing-you chicken. Poult Sci 98:2250–2259. https://doi.org/10.3382/ps/
pey550

30. Rychlik I. 2020. Composition and function of chicken gut microbiota. 
Animals 10:103. https://doi.org/10.3390/ani10010103

31. Elnar AG, Kim M-G, Lee J-E, Han R-H, Yoon S-H, Lee G-Y, Yang S-J, Kim G-B. 
2020. Acinetobacter pullorum sp. nov., isolated from chicken meat. J 
Microbiol Biotechnol 30:526–532. https://doi.org/10.4014/jmb.2002.
02033

32. Ghaffoori Kanaan MH, Al-Shadeedi SMJ, Al-Massody AJ, Ghasemian A. 
2020. Drug resistance and virulence traits of Acinetobacter baumannii 
from Turkey and chicken raw meat. Comp Immunol Microbiol Infect Dis 
70:101451. https://doi.org/10.1016/j.cimid.2020.101451

33. Bindari YR, Moore RJ, Van TTH, Walkden-Brown SW, Gerber PF. 2021. 
Microbial taxa in dust and excreta associated with the productive 

performance of commercial meat chicken flocks. Anim Microbiome 3:66. 
https://doi.org/10.1186/s42523-021-00127-y

34. Lu J, Idris U, Harmon B, Hofacre C, Maurer JJ, Lee MD. 2003. Diversity and 
succession of the intestinal bacterial community of the maturing broiler 
chicken. Appl Environ Microbiol 69:6816–6824. https://doi.org/10.1128/
AEM.69.11.6816-6824.2003

35. Lu J, Sanchez S, Hofacre C, Maurer JJ, Harmon BG, Lee MD. 2003. 
Evaluation of broiler litter with reference to the microbial composition as 
assessed by using 16s rRNA and functional gene markers. Appl Environ 
Microbiol 69:901–908. https://doi.org/10.1128/AEM.69.2.901-908.2003

36. Feye KM, Baxter MFA, Tellez-Isaias G, Kogut MH, Ricke SC. 2020. 
Influential factors on the composition of the conventionally raised 
broiler gastrointestinal microbiomes. Poult Sci 99:653–659. 
https://doi.org/10.1016/j.psj.2019.12.013

37. Kers JG, Velkers FC, Fischer EAJ, Hermes GDA, Stegeman JA, Smidt H. 
2018. Host and environmental factors affecting the intestinal microbiota 
in chickens. Front Microbiol 9:235. https://doi.org/10.3389/fmicb.2018.
00235

38. Yadav S, Jha R. 2019. Strategies to modulate the intestinal microbiota 
and their effects on nutrient utilization, performance, and health of 
poultry. J Anim Sci Biotechnol 10:2. https://doi.org/10.1186/s40104-018-
0310-9

39. Nova E, Gómez-Martinez S, González-Soltero R. 2022. The influence of 
dietary factors on the gut microbiota. Microorganisms 10:1368. https://
doi.org/10.3390/microorganisms10071368

40. Apajalahti JH, Kettunen A, Bedford MR, Holben WE. 2001. Percent G+C 
profiling accurately reveals diet-related differences in the gastrointesti­
nal microbial community of broiler chickens. Appl Environ Microbiol 
67:5656–5667. https://doi.org/10.1128/AEM.67.12.5656-5667.2001

41. Chen X, Henriksen TM, Svensson K, Korsaeth A. 2020. Long-term effects 
of agricultural production systems on structure and function of the soil 
microbial community. Applied Soil Ecology 147:103387. https://doi.org/
10.1016/j.apsoil.2019.103387

42. Biasato I, Ferrocino I, Grego E, Dabbou S, Gai F, Gasco L, Cocolin L, 
Capucchio MT, Schiavone A. 2019. Gut microbiota and mucin composi­
tion in female broiler chickens fed diets including yellow mealworm 
(Tenebrio molitor, L.). Animals 9:213. https://doi.org/10.3390/ani9050213

43. Oladokun S, Adewole DI. 2022. Biomarkers of heat stress and mechanism 
of heat stress response in avian species: current insights and future 
perspectives from poultry science. J Therm Biol 110:103332. https://doi.
org/10.1016/j.jtherbio.2022.103332

44. Tan Z, Luo L, Wang X, Wen Q, Zhou L, Wu K. 2019. Characterization of the 
cecal microbiome composition of wenchang chickens before and after 
fattening. PLoS One 14:e0225692. https://doi.org/10.1371/journal.pone.
0225692

45. Awad WA, Mann E, Dzieciol M, Hess C, Schmitz-Esser S, Wagner M, Hess 
M. 2016. Age-related differences in the luminal and mucosa-associated 
gut microbiome of broiler chickens and shifts associated with 
Campylobacter jejuni infection. Front Cell Infect Microbiol 6:154. https://
doi.org/10.3389/fcimb.2016.00154

46. Pandit RJ, Hinsu AT, Patel NV, Koringa PG, Jakhesara SJ, Thakkar JR, Shah 
TM, Limon G, Psifidi A, Guitian J, Hume DA, Tomley FM, Rank DN, Raman 
M, Tirumurugaan KG, Blake DP, Joshi CG. 2018. Microbial diversity and 
community composition of caecal microbiota in commercial and 
indigenous Indian chickens determined using 16s rDNA amplicon 
sequencing. Microbiome 6:115. https://doi.org/10.1186/s40168-018-
0501-9

Research Article Microbiology Spectrum

Month XXXX  Volume 0  Issue 0 10.1128/spectrum.01682-23 14

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/s

pe
ct

ru
m

 o
n 

23
 A

ug
us

t 2
02

3 
by

 1
52

.7
.2

55
.2

04
.

https://doi.org/10.1007/978-3-030-90303-9
https://doi.org/10.1111/1541-4337.12438
https://doi.org/10.1128/aem.00295-22
https://esploro.libs.uga.edu/esploro/outputs/doctoral/Characterization-of-broiler-gut-microbiomes-and/9949375247802959
https://doi.org/10.1371/journal.pone.0192450
https://doi.org/10.3389/fvets.2016.00002
https://doi.org/10.1016/j.envint.2020.105971
https://doi.org/10.3382/japr/pfw076
https://doi.org/10.3389/fmicb.2019.02100
https://doi.org/10.3382/ps/pey550
https://doi.org/10.3390/ani10010103
https://doi.org/10.4014/jmb.2002.02033
https://doi.org/10.1016/j.cimid.2020.101451
https://doi.org/10.1186/s42523-021-00127-y
https://doi.org/10.1128/AEM.69.11.6816-6824.2003
https://doi.org/10.1128/AEM.69.2.901-908.2003
https://doi.org/10.1016/j.psj.2019.12.013
https://doi.org/10.3389/fmicb.2018.00235
https://doi.org/10.1186/s40104-018-0310-9
https://doi.org/10.3390/microorganisms10071368
https://doi.org/10.1128/AEM.67.12.5656-5667.2001
https://doi.org/10.1016/j.apsoil.2019.103387
https://doi.org/10.3390/ani9050213
https://doi.org/10.1016/j.jtherbio.2022.103332
https://doi.org/10.1371/journal.pone.0225692
https://doi.org/10.3389/fcimb.2016.00154
https://doi.org/10.1186/s40168-018-0501-9
https://doi.org/10.1128/spectrum.01682-23

	Uncovering changes in microbiome profiles across commercial and backyard poultry farming systems
	MATERIALS AND METHODS
	Farm demographics and operational practices
	Sample collection
	DNA extraction and sequencing
	Statistical and network analysis

	RESULTS
	Alpha diversity measurements
	Beta diversity and relative abundance
	Changes in microbiome composition depending on poultry farming systems
	Microbiome clustering and differences in the abundance of community composition
	Changes in microbiome profiles over time

	DISCUSSION
	Conclusion



