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Intestinal microorganisms play a crucial role in chicken health and production 
performance, especially in the research of traditional and organic feeding methods. 
The intestinal contents of organic and feed chickens were analyzed by 16S rRNA 
gene and metagenome technology. The results showed that the microbial diversity 
of organic chickens was significantly higher than that of the feed chickens, especially 
the key microorganisms, such as Enterococcus, were more abundant in organic 
chickens. The functional analysis of metagenome revealed the significant difference 
in the metabolic function of intestinal microorganisms between them. The present 
study provides new insights into the gut microbiota characteristics of the organic 
and feed chicken based on amplicon and metagenomic sequencing. Our results 
are helpful to fully illustrate the effects of different feeding methods on intestinal 
microorganisms in chickens and can offer a more scientific basis for chicken 
production management.
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1 Introduction

Poultry meat is a significant component of human diets worldwide, but the impact of 
feeding systems on the quality and productivity of chicken products still remains controversial 
(Dong et al., 2024). In recent years, gut microbiota has attracted much attention due to its 
important role in intestinal development and metabolic homeostasis. Studies have found that 
the gut microbes of mammals play an important role in food digestion, vitamin and amino acid 
synthesis, organ development, and host physiological regulation (Kers et al., 2018). However, 
the gut microbial composition of chickens is influenced by various factors such as diet, climate, 
and geographical location (Dai et al., 2023; Feng et al., 2023). The chicken intestinal microbe 
is an important part of the chicken digestive system, which has an important effect on chicken 
health and production performance (Borda-Molina et al., 2018). With the introduction of 
different feeding methods, including traditional feeding and organic feeding, more and more 
researches have been done on chicken gut microbes (Sun et al., 2018; Bernard et al., 2024; Zhou 
et al., 2016). In recent years, intestinal microbiome studies in organic and feed chickens have 
attracted much attention, especially using 16S rRNA gene amplicon and metagenomics 
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techniques (Sun et al., 2018). Through 16S rRNA gene sequencing, the 
microbial structure and community members could be  rapidly 
identified and classified. It was found that the composition and 
structure of intestinal microbial communities due to different feeding 
methods were significantly different, which were affected by some 
factors such as feeding environment, feed, and growth stage. At the 
same time, the high probiotic content of organic chickens helps 
balance gut microbes, while forage chickens are more susceptible to 
pathogenic bacteria (Chen et al., 2023). Metagenomics studies further 
revealed their functional and metabolic potential, found differences in 
metabolic pathways and functional genes, and provided the scientific 
basis for optimizing feed formulation, improving feeding management, 
and promoting sustainable development of poultry production.

There is a close relationship between chicken intestinal microbes 
and chicken quality, which is mainly reflected in chicken health, 
breeding efficiency, and meat quality (Chen et al., 2023; Young et al., 
2007; Stanley et al., 2014). The gut microbiome plays a crucial role in 
the overall health of chickens. In a good feeding environment, 
maintaining a normal intestinal microecological balance is very 
important to promote the digestive function of chickens and improve 
the feed utilization rate. The gut microbiota plays a crucial role in the 
distribution of nutrients in chickens in multiple ways. Some beneficial 
gut microbiota can participate in the breakdown and fermentation of 
complex carbohydrates, such as converting indigestible substances like 
cellulose into absorbable nutrients like short chain fatty acids. These 
short chain fatty acids not only provide energy for the intestinal 
epithelial cells of chickens, maintaining the integrity of the intestinal 
barrier function, but also can be  absorbed into the bloodstream, 
affecting the regulation of energy metabolism throughout the body. A 
good intestinal microecological environment contributes to a healthy 
growth environment and promotes the rational distribution of 
nutrients in the chicken, which may lead to more uniform muscle 
development and higher meat quality (Sun et al., 2018). In contrast, 
affected by intestinal microecological imbalance, the distribution of 
nutrients in chickens may be uneven, affecting the consistency and 
taste of meat quality. Therefore, scientific management of feed and 
feeding conditions to maintain intestinal microecological balance is 
crucial to improve chicken breeding efficiency and meat quality. A 
good intestinal microecological environment can also improve the 
disease resistance of chickens. The normal gut microbiota inhibits the 
growth of harmful microorganisms, forming a natural protective 
barrier against pathogenic microorganisms and reducing the risk of 
disease in chickens (Kers et al., 2018; Aruwa et al., 2021; Sun et al., 
2016). This has a positive impact on reducing the use of drugs, 
reducing antibiotic residues, and producing healthier chicken. 
Adopting reasonable feeding and management measures to ensure a 
good intestinal microecological environment for chickens, not only 
helps to guarantee the overall health of chickens and improve breeding 
efficiency but also can produce more high-quality and safe chickens 
to meet the needs of consumers for food quality and safety (Bernard 
et al., 2024; Oviedo-Rondón, 2019). Therefore, paying attention to and 
maintaining the health of chicken intestinal microbes has become an 
important link that cannot be ignored in modern poultry farming.

There are significant differences between the organic and feed 
chickens, and the effects on chicken quality can be assessed by analyzing 
the gut microbial community of chickens (Coletta et al., 2012). Herein, 
the effects of different feed methods on intestinal flora were analyzed 
by sampling the intestinal contents of chickens. The difference in 

intestinal bacterial community between organic and feed chickens was 
studied by 16S rRNA gene full-length amplification analysis. To 
determine the effects of different farming practices, the function of 
chicken gut microbes was studied based on metagenomic sequencing. 
The results of this study provide a new way to study the diversity of 
intestinal microflora of organic and feed chickens and its effects on 
chicken quality, aiming to deeply understand the effects of feeding 
methods on chicken intestinal microflora, and provide a more scientific 
basis for chicken production management. Research can explore how 
to improve the gut microbiota of chickens by optimizing feed 
formulations and feeding patterns, thereby enhancing the sustainability 
and economic benefits of organic agriculture. For example, by using 
organic feed raw materials to reduce chemical dependence, lower 
environmental pollution risks, and improve animal health.

2 Materials and methods

2.1 Animals feeding and sample collection

All animal experiments were approved by the Research Ethics 
Committee of Quanzhou Normal University (Approval No. QZTC-
LL-2023-598). The domestic male chickens (Gallus gallus) were 
purchased from a poultry farm. These chickens are about 30 days old. 
They were randomly divided into two groups, each group containing 
20 chickens, which were cereal fed chickens (CE) and forage fed 
chickens (FO). Each group of chickens was confined to a fixed cage 
(3.0 × 2.0 × 1.0 m). In terms of diet, CE chickens are fed with rice, and 
FO chickens are fed with commercial feed (Table 1) (Al-Khalaifah and 
Al-Nasser, 2021). Each cage is equipped with a water bottle. The water 
is changed every 2 days and the chickens can drink as much as they 
like. Other feeding and management conditions are exactly the same. 
No antibiotic drugs or probiotic products were used throughout the 
feeding trial (Sun et  al., 2018). Antibiotics may kill beneficial 
commensal bacteria in the gut, affecting the efficiency of digesting and 
absorbing nutrients in food. This may lead to abnormal changes in the 
growth performance, body composition and other indicators of the 
experimental animals, which are not caused by the feeding factors 
studied (such as feed formula, feeding mode, etc.), but by the side 
effects of antibiotics.

At 360 days old, six chickens of similar weight were selected from 
each group and the intestinal contents were collected. The intestinal 
contents were collected under sterile conditions and then stored in 
liquid nitrogen for later gut microbiota analysis.

TABLE 1 The commercial feed composition.

Name Content

Crude protein ≥20.0

Crude fiber ≤6.0

Crude ash ≤8.0

Calcium ≥0.2–1.0

Total phosphorus ≥0.5

Sodium chloride 0.20–0.80

Egg + cystine ≥0.74

Moisture ≤14.0
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2.2 DNA extraction, PCR amplification, and 
16S Illumina sequencing

The intestinal contents of 12 chickens (CE = 6, FO = 6) were 
collected, and DNA samples were extracted by the CTAB method. The 
purity and concentration of DNA samples were detected by 1% 
concentration agarose gel electrophoresis (Ding et al., 2024). The V3 
to V4 variable region of bacterial 16S rRNA gene was amplified with 
the universal primer 314F (5′-CCTAYGGGRBGCASCAG-3′) and 
806R (5′-GGACTACNNGGGTATCTAAT-3′). The PCR amplification 
reaction process is first heated at 95°C for 1 min to denature the first 
DNA of the template, followed by 30 cycles at 98°C (10 s), 50°C (30 
s), 72°C (30 s), and finally held at 72°C for 5 min (Minas et al., 2011). 
Sequencing libraries were generated using NEB Next® Ultra DNA 
Library Prep Kit (Illumina, United States) following the manufacturer’s 
recommendations and index codes were added. The library quality 
was assessed on the Agilent 5400 (Agilent Technologies Co Ltd., 
United  States). At last, the library was sequenced on an Illumina 
platform and 250 bp paired-end reads were generated.

2.3 Bioinformatic analysis based on 16S 
rRNA full-length amplicon sequencing

The analysis followed the Qiime2docs “Atacama soil microbiome 
tutorial” and utilized customized program scripts. Raw data FASTQ 
files were formatted for QIIME2, demultiplexed, quality filtered, 
de-noised, merged, and had chimeric sequences removed using the 
QIIME2 dada2 plugin to create an amplicon sequence variant (ASV) 
feature table (Guan et al., 2022). ASV sequences were aligned to a 
pre-trained GREENGENES database for taxonomy classification. 
Contaminating sequences were filtered, and various statistical 
methods were applied for abundance analysis. Diversity metrics were 
calculated, and beta diversity distances were measured using Bray 
Curtis, unweighted UniFrac, and weighted UniFrac metrics. PLS-DA 
and redundancy analysis were used to analyze microbiota variation 
and community associations with environmental factors. 
Co-occurrence analysis was conducted, and PICRUSt was utilized to 
predict microbial functional profiles. Default parameters were used 
unless specified otherwise.

2.4 Metagenome sequencing analysis

Based on the results of 16S rRNA, three samples from each group 
were selected for metagenome sequencing analysis. The raw data of 
bacteria, fungi, and viruses in the sample of 6 chickens (CE = 6, 
FO = 6) were obtained by metagenomic sequencing using the Illumina 
Novaseq high-throughput sequencing platform (Franzosa et al., 2018). 
In order to ensure the reliability of data, the raw sequencing data 
needs to be preprocessed using Kneaddata software. The clean reads 
after quality control and de-host were used to be blasted to database 
(Uniref90) using Humann2 software (based on Diamond), and the 
annotation information and relative abundance table from each 
functional database were obtained according to the corresponding 
relationship between Uniref90 ID and each database. Based on the 
species abundance table and functional abundance table, abundance 
clustering analysis, PCOA and NMDS dimension reduction analysis 

(species only), and sample clustering analysis can be  performed. 
When grouping information is available, Lefse Biomarker and 
Dunntest analysis can be performed to excavate differences in species 
composition and functional composition between samples.

2.5 Statistical analysis

In this study, data are expressed as mean ± SD, and independent 
sample t-tests were conducted using IBM SPSS Statistics 20 to evaluate 
significant differences between groups. Differences were deemed 
statistically significant if the p-value was less than 0.05 (*p < 0.05, 
**p < 0.01, ***p < 0.001). Statistical analysis and data plotting were 
performed with GraphPad Prism 8 (GraphPad, La Jolla, California, 
United States) or Wekemo Bioincloud.1

3 Results

3.1 Effects of different feeding methods on 
intestinal microbial diversity

The data on CE and FO chickens were processed, and the species 
diversity results were analyzed. As shown in Figure 1, we analyzed the 
α-diversity index, including Shannon (Figure  1A) and Chao1 
(Figure  1B). In addition, beta diversity was used to evaluate the 
differences in microbial community structure between different 
samples (Figures 1C,D). Alpha diversity analysis revealed significant 
variations in microbial species diversity and community diversity 
among different samples. CE chickens exhibited higher levels of 
microbial richness (Chao1) and diversity (Shannon) compared to FO 
chickens (p < 0.01). Alpha diversity analysis revealed significant 
variations in microbial species and community diversity among 
different samples. CE chickens exhibited higher levels of microbial 
richness and diversity compared to FO chickens (p < 0.01). The 
principal component analysis (PCA) of the samples revealed a distinct 
separation between chickens under different feeding conditions. 
Additionally, the non-metric multidimensional scaling (NMDS) plot 
indicated significant differences in the intestinal microbial community 
structure of the two types of chickens. Samples under the same 
conditions showed significant homogeneity. In summary, there are 
significant differences in intestinal microorganisms between CE 
chickens and commercial FO chickens. The intestinal microbial 
community of CE chickens is more diverse, which could be a key 
factor contributing to the variation in chicken meat quality.

3.2 Composition of intestinal microbial 
communities in CE and FO chickens

The full-length 16S rRNA obtained through synthetic long-read 
technology was used to analyze the intestinal microbial community of 
chickens under two different feeding conditions. As shown in 
Figure 2A, among the 5,657 ASVs obtained after quality filtering, there 

1 http://www.bioincloud.tech
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were 4,052 ASVs unique to CE chickens, 1,027 ASVs unique to FO 
chickens, and 578 ASVs shared by both types of chickens. At different 
species levels, the number of taxonomic units (Figure 2B) provides 
basic information on species annotation statistics. It can be seen that 
the number of each taxonomic level in CE samples is much higher 
than in FO samples. Select the representative sequences of the ASVs 
of interest for phylogenetic analysis. Choose one ASV with the highest 
abundance as the representative ASV for each genus, and then select 
the top 50 genera with the highest abundance to draw an evolutionary 
tree. Combine the absolute abundance of ASVs in each group for heat 
map visualization. As shown in Figure 3F, the abundance of microbial 
species in FO chickens is generally higher than that in CE chickens. 
This reflects the higher species diversity observed in CE chickens, 

indicating significant differences in the intestinal microorganisms of 
the two types of chickens.

Representative sequences of ASVs were selected and compared 
with the Greengenes2 database to obtain species annotation 
information. Based on the species annotation information, ASVs 
annotated as chloroplasts, mitochondria, and sequences that could not 
be classified at the kingdom level were removed. Based on the absolute 
abundance and annotation information of ASVs, the proportion of 
sequences in each sample was calculated at seven classification levels: 
kingdom, phylum, class, order, family, genus, and species. This 
evaluation method effectively assesses the species annotation 
resolution of the sample. At the phylum level (Figure 3A), the results 
showed that the top five chicken intestinal microbial communities 

FIGURE 1

Bacterial diversity analysis. (A) Multiple comparisons of the Shannon index between groups. (B) Multiple comparisons of the Chao1 index between 
groups. (C) PCoA diagram based on Unweighted UniFrac. (D) NMDS analysis diagram.
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were mainly Bacteroidota, Firmicutes_A, Firmicutes_D, Proteobacteria, 
and Actinobacteriota. Compared with CE chickens, the relative 
abundance of Proteobacteria and Actinobacteriota in FO chickens was 
lower. At the class level (Figure  3B), the relative abundance of 
Gammaproteobacteria and Coriobacteriia in CE chickens was higher 
than in FO chickens. Among the top five microorganisms (i.e., 
Bacteroidia, Clostridia_258483, Bacilli, Coriobacteriia, and 
Gammaproteobacteria), Bacteroidia had the highest relative abundance. 
At the order level (Figure 3C), Bacteroidales had the highest relative 
abundance. In addition, the composition and abundance of the 
intestinal microbial community of chickens varied significantly under 
different feeding conditions. Differences in the intestinal microbial 
structure and composition between CE and FO chickens were also 
evident at the family and genus levels (Figures 3D,E). In summary, 
feeding conditions are key factors that affect the abundance and 
composition of intestinal microorganisms in chickens.

3.3 Differences in intestinal microbiota 
between CE and FO chickens

LEfSe (Linear discriminant analysis Effect Size) analysis is utilized 
to identify characteristic microorganisms within each group, focusing 
on those with an LDA (Linear Discriminant Analysis) score exceeding 
a specified threshold, indicating higher abundance in one group 
compared to others, as illustrated in Figure 4B. Figure 4A illustrates the 
taxonomic hierarchy of these characteristic microorganisms 
simultaneously. In the figure, larger taxa with differences above the 

family level are indicated with classification intervals and names, while 
those below the family level are distinguished by color. From this figure, 
the evolutionary relationships of microorganisms with significant 
differences between groups can be  inferred. Among these 
microorganisms, 211 distinct Operational Taxonomic Units (OTUs) can 
be used as key identification indicators. In the CE group, Oscillospirales, 
Oscillospiraceae_88309, Coriobacteriales, Coriobacteria, and 
Clostridia_258483. Conversely, in the FO group, Lachnospiraceae, 
Bacilli, Firmicutes_D, Lachnospirales, Mediterraneibacter_A_155507, 
Prevotella, Lactobacillales, Firmicutes, and Firmicutes_C are the most 
abundant microbial groups. These findings indicate that the gut 
microbiota of CE chickens is more diverse, suggesting a richer and 
potentially more complex microbial community. This richness might 
be attributed to the natural diet and habitat of the CE chickens, which 
support a diverse microbiome. In contrast, the gut microbiota of FO 
chickens, shaped by a controlled and nutrient-rich diet, exhibits a 
distinct microbial composition. Understanding these differences is 
crucial for comprehending the role of the gut microbiome in health and 
disease, as well as its potential impact on the overall well-being of 
the chickens.

3.4 Metagenomics analysis of the 
composition of intestinal microbial 
communities

Kraken2 was used to compare a self-built microbial nucleic acid 
database to calculate the number of sequences of species contained 

FIGURE 2

Species diversity analysis based on 16S rRNA sequencing. (A) Venn diagram showing common and unique species. (B) Annotated bar chart for each 
sample at every taxonomic level.
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in the sample, while Bracken was used to estimate the actual 
abundance of species in the sample. Compared with assembly-based 
species annotation, the reads-based metagenomic species 
annotation method is more comprehensive and accurate. As shown 
in Figure 5A, the PCA plot also demonstrates the clustering of CE 
and FO samples, consistent with the patterns observed in the 
corresponding 16S amplicon data (Figure  1C). In general, the 
metagenomic classification is consistent with the 16S amplicon data, 
and both analyses indicate that variations in feeding conditions lead 
to significant changes. As shown in Figure 5B, there are 963 species 
shared by the two groups of samples. There are only 381 unique 
species in FO, with the number of CE chicken species being 
significantly greater than that of FO chickens. As expected, in a 
system with high diversity, the total coverage of these genomes is 
quite low (~3% of the data read) (Acharya et  al., 2023). These 
species mainly belong to Actinomycetota, Bacillota, Bacteroidota, 
Campylobacterota, and Pseudomonadota (Figure  5C). The 
abundance of these species in CE chicken samples is significantly 
higher compared to FO chickens.

3.5 Metagenomic analysis reveals 
metabolic differences in gut microbiota

Six thousand five hundred and forty-five unique KEGG homologous 
groups (KOs) were annotated in the metagenomes, accounting for 30% 
of the total predicted proteins in each metagenome. The KO content 
differed significantly between CE and FO chickens, which were in line 
with the observations of ASVs (Figure  6B). Among the top  20 
differentially abundant KOs identified, 19 were more abundant in CE 
chicken samples (Figure 6A). These KOs can be broadly categorized into 
enzymes, transcriptional regulators, or transporters, with a primary 
focus on metabolic pathways such as membrane transport. Additional 
pathways encompass amino acid metabolism, lipid metabolism, 
carbohydrate metabolism, xenobiotics biodegradation, and metabolism. 
Notably, amino acid metabolism, cell motility, energy metabolism, global 
and overview maps, and biosynthesis of secondary metabolites were 
predominant in FO chickens.

We identified the species sources of the functions based on the six 
characteristic functions. As shown in Figure 7, the primary species 

FIGURE 3

The composition of chicken intestinal microorganisms at different classification levels, including (A) phylum, (B) class, (C) order, (D) family, 
(E) genus. (F) Phylogenetic evolutionary tree and heatmap showing the distribution of abundance among groups. The left side shows the 
evolutionary tree, where branches of various colors represent different phyla. Each branch at the end represents an Operational Taxonomic Unit 
(OTU), and the end is annotated with the genus classification to which the corresponding OTU belongs. If there is no corresponding genus 
classification, it is represented by “unclassified_genus.” The heat map on the right displays the standardized abundance, where a higher value 
indicates a higher relative abundance.
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contributing to the differences in intestinal microbial metabolism 
between CE and FO chickens were identified as Enterococcus, 
Lactobacillus, Campylobacter, Faecalitalea, and Corynebacterium. 
Among these, Enterococcus emerged as the most significant influencing 
factor. The abundance of Enterococcus in CE samples was significantly 
higher than in FO samples, emphasizing its crucial role in distinguishing 
the microbial metabolic profiles of the two groups. Other strains, such 
as disease-associated Campylobacter content, were significantly higher 
in the FO group than in the CE group. Lactobacillus, Faecalitalea, and 
Cornebacterium further fuel the unique microbial ecology between the 
two groups. In addition, changes in major microorganisms also led to 
differences in Metabolism, Organismal Systems, Human Diseases, 
Genetic Information Processing, Environmental Information Processing 
and Cellular Processes between CE and FO groups. These findings 
highlight the complex relationship between diet, microbial composition, 
and metabolic function in the gut ecosystem.

4 Discussion

This study aimed to explore the composition and functional 
differences in the intestinal microbiota of CE and FO through 16 s 
rRNA gene sequencing and metagenomic analysis, and the impact of 
these differences on chicken quality. The research results show that 
there are significant differences in the intestinal microbial diversity and 

abundance of specific bacterial groups between CE and FO. In 
particular, the intestinal microbial diversity of CE is significantly higher 
than that of FO, and the abundance of some key microbial groups such 
as Enterococcus is significantly higher in CE. The intestinal microbiota 
of CE group was more abundant, possibly because CE group was fed 
mainly on rice, which contains dietary fiber, starch and non-starch 
polysaccharides, which promote the growth of beneficial bacteria, 
increase microbial diversity, and provide additional nutrients (Makki 
et al., 2018). However, the fiber and nutrients in the feed fed by FO 
group are relatively single, which leads to poor abundance and diversity 
of intestinal microorganisms in FO group. The intestinal microbial 
community of CE group was more diverse, which may affect chicken 
quality. Dietary fiber and non-starch polysaccharide in the rice fed by 
the main CE group provided rich nutrition for microorganisms and 
promoted their diversity (Jha and Mishra, 2021). The fermentation of 
starch produces short-chain fatty acids, which are beneficial to 
microorganisms (Mann et al., 2024). In addition, the vitamins and 
minerals in rice may also have a positive impact on the microbiome 
(Dewan et al., 2023). Together, these factors may lead to changes in 
chicken quality by altering microbial metabolites, flavor and texture. 
The content of this part has been supplemented in the discussion 
section of the article. These research results provide important insights 
for a deeper understanding of the impact of intestinal microorganisms 
in CE and FO on chicken quality, and provide possible ideas and 
methods for optimizing chicken production.

FIGURE 4

The significance analysis of Operational Taxonomic Unit (OTUs) differences between 16S DNA sequencing groups. (A) LEfSe analysis cladogram. From 
the inside to the outside, the cladogram diagram represents various classification levels such as phylum, order, family, and genus. The lines between 
the levels represent the affiliation. Each circular node represents a species. If the node is yellow, it indicates that the difference between the groups is 
not significant. If the node is not yellow, it indicates that the species is a characteristic microorganism of the corresponding color group (with 
significantly higher abundance in this group). The colored sectors indicate the subordinate taxonomic levels of the characteristic microorganisms. 
(B) LEfSe analysis LDA histogram. Each horizontal column represents a species, and the length of the column corresponds to the LDA value. The higher 
the LDA value, the greater the difference. The color of the column corresponds to the group to which the species belongs as a characteristic 
microorganism, and the characteristic microorganisms (biomarkers) indicate a relatively high abundance in the corresponding group.
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FIGURE 6

Analysis of functional relative abundance differences. (A) Group clustering heat map, (B) KEGG basic metabolic pathway LEfSe analysis LDA bar chart.

Through LEfSe analysis, we  identified several significantly 
different characteristic microbial groups. In the CE group, the 
abundance of microorganisms such as Oscillospirales, 
Oscillospiraceae_88309, Coriobacteriales, and Actinobacteriota was 
significantly higher; while in the FO group, the abundance of 
microorganisms such as Lachnospiraceae, Bacilli, Firmicutes_D, 
Lachnospirales, Mediterraneanibacter_A_155507, Prevotella, 
Lactobacilales, Firmicutes, and Firmicutes_C, etc. Microorganisms are 
richer. Metagenomic functional analysis showed that the metabolic 

functions of intestinal microorganisms were significantly different 
between the two groups of chickens. The high abundance of 
Enterococcus in CE may be associated with enhanced immune function 
and better intestinal health, which may directly affect the meat quality 
and overall health of organic chickens (Zhang et al., 2024; Li et al., 
2024). Studies have shown that the presence of avian Enterococci is 
closely related to the growth performance and meat quality 
characteristics of birds (Aruwa et al., 2021; Souillard et al., 2022; Shang 
et al., 2018). Enterococci play an important role in the microbiome, 

FIGURE 5

The species composition and diversity of metagenomic analysis. (A) PCoA 3D plot based on the Bray-Curtis distance matrix. (B) Venn diagram showing 
common and unique species. (C) Genus-level grouping clustering heatmap.
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especially when it comes to gut health. On the one hand, an appropriate 
abundance of avian enterococci helps promote the growth and 
development of birds and may have a positive impact on the mouthfeel, 
texture, and flavor of the meat. On the other hand, Enterococci are also 
able to survive in complex environments due to their drug resistance 
and are essential for maintaining ecological balance (Shao et al., 2024). 
Different sample sources, environmental conditions, and handling and 
storage methods can affect the abundance of Enterococcus, so 
understanding its specific role and influencing factors is important for 
evaluating sample quality and handling methods. Therefore, the meat 
quality of the CE group is more popular among people, which may 
be related to the abundance of enterobacteriaceae. In addition, the 
presence of beneficial bacteria such as Lactobacillus may contribute to 
better digestion and nutrient absorption, thereby affecting the taste 
and nutritional value of the meat (Dong et al., 2024; Gao et al., 2022; 
Abd El-Hack et al., 2020). Firstly, Lactobacillus can produce various 
digestive enzymes, such as proteases, lipases, and amylases. These 
enzyme substances can directly act on the large molecular nutrients in 
food, breaking down proteins into amino acids, fats into fatty acids and 

glycerol, starch into small molecule substances such as glucose, 
making these nutrients that were originally difficult to directly absorb 
and utilize in the chicken intestinal tract absorbable, greatly improving 
the digestibility of nutrients in feed. Secondly, Lactobacillus can 
regulate the intestinal microbiota environment. They compete with 
harmful bacteria for adhesion sites and nutrients in intestinal epithelial 
cells, inhibit the growth and reproduction of harmful bacteria, reduce 
the damage of harmful bacteria and their toxins to intestinal mucosa, 
and maintain the integrity of intestinal mucosa. A complete and 
healthy intestinal mucosa is crucial for the absorption of nutrients, as 
it ensures the smooth passage of nutrients through intestinal epithelial 
cells into the bloodstream.

The results indicated that different diets impacted the intestinal 
flora structure of chickens. Variations between the CE and FO diets 
could influence the production of intestinal microbial metabolites, 
subsequently affecting the taste, texture, and nutritional value of the 
chicken (Jha and Mishra, 2021; Li et al., 2024; Shen et al., 2024). The 
intestinal flora plays a crucial role in poultry performance, influencing 
nutrient absorption, immune system function, metabolite production, 

FIGURE 7

Column chart of species origin of characteristic functions. The horizontal axis corresponds to samples and sample groups, and different groups are 
marked with different colors. The vertical axis corresponds to the relative abundance of the function in each sample, and different species sources are 
marked with different colors. (A) Metabolism. (B) Organismal Systems. (C) Human Diseases. (D) Genetic Information Processing. (E) Environmental 
Information Processing. (F) Cellular Processes.
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and stress response (Aruwa et al., 2021). A healthy gut microbiota 
enhances nutrient utilization efficiency, strengthens immune 
defenses, produces beneficial metabolites, and mitigates stress 
responses, thereby improving growth and weight. Effective 
management of the gut microbiota provides a scientific foundation 
for chicken production, including optimizing feed formulations 
through microbiota monitoring, controlling environmental hygiene, 
reducing stressors, and implementing personalized management 
strategies to enhance chicken health and productivity (Cai et  al., 
2024). By in-depth research on these influencing factors, a scientific 
basis can be provided for the development of a healthier and higher-
quality poultry farming industry.

This study revealed significant differences in intestinal microbiota 
and functions between CE and FO, but there are still some limitations in 
understanding the relationship between intestinal microorganisms and 
chicken quality. First, the sample size of the existing studies is small, and 
future studies need to increase the number of samples and extend the 
follow-up period to verify the stability and persistence of these differences 
in different groups. Secondly, relying solely on 16 s rRNA gene and 
metagenomic analysis may not fully reveal the complex relationship 
between intestinal microorganisms and chicken quality. Future research 
can combine multiple analysis methods such as metabolomics and 
proteomics to more comprehensively and deeply analyze the specific 
impact mechanism of intestinal microorganisms on chicken quality. In 
addition, future studies should consider the impact of factors such as 
different regions and seasons on the intestinal flora of chickens (Shi et al., 
2019; Sekelja et al., 2012; Wang et al., 2016). Environmental conditions 
and feeding patterns in different regions may have differential effects on 
the intestinal microbiota of poultry, so consideration of these factors can 
further improve the understanding of factors affecting intestinal 
microbiota. By comprehensively considering region, season, and other 
environmental factors, the impact of intestinal microorganisms on 
chicken quality can be more comprehensively and accurately assessed, 
providing more scientific guidance for poultry feeding management and 
product quality. The development of these in-depth studies will help to 
better understand and exploit the mechanisms of the impact of poultry 
intestinal microbiota on chicken quality.

5 Conclusion

The results of 16 s rRNA gene sequencing analysis showed that 
there were significant differences in intestinal microbial diversity and 
specific microflora abundance between CE and FO chickens. The 
intestinal microbial diversity of CE chickens was significantly higher 
than that of FO chickens, and the abundance of key microflora such 
as Enterococcus was significantly higher in CE chickens. The analysis 
of metagenomic function showed that there were significant 
differences in intestinal microbial metabolic function between the two 
groups. The existence of beneficial bacteria such as Enterococcus and 
Lactobacillus may directly affect the meat quality and overall health of 
CE chickens. As a result of obtaining different diets, the diversity and 
functional of intestinal microbiota of CE chickens affects the taste, 
texture, and nutritional value of chicken meat. Although 16 s rRNA 
gene and macrogenomic analysis provide us with important insights, 
a single method still has its limitations. Future research needs to 
integrate more technical tools, such as metabonomics and proteomics, 
to obtain more comprehensive conclusions.
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