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Article  
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Ministry of Education, College of Animal Science, Guizhou University, Guiyang 550025, Guizhou Province, 

China 

* Correspondence: zwang8@gzu.edu.cn; Tel.: +86-851-88298003; Fax: +86-851-88298109 

Simple Summary: Native chickens generally have the characteristics of low growth performance, which has 

also become a limiting factor for the breeding of yellow feather broilers. More and more studies have shown 

that the gut microbiota played an important role in the growth of agricultural animals. The Guizhou yellow 

chicken is a breed of yellow-feathered broiler chicken with excellent meat quality and good flavor currently 

being cultivated in Guizhou Province, China. In order to explore the role of gut microbiota on the growth 

performance of native chickens, we took Guizhou yellow chicken as a representative and established high-

weight and low-weight chicken groups according to their market weights. By integrating microbial 16S rRNA 

gene sequencing and non-targeted serum metabolome data, we identified five key cecal microbes associated 

with high body weight of chickens and one key microbes associated with low body weight. In addition, the 

results also showed that specific gut microbes might positively affect the growth rate of chickens by regulating 

vitamin and other metabolic pathways. These findings contribute to our understanding of the role of gut 

microbiota in chicken growth traits and their underlying metabolic mechanisms. 

Abstract: The gut microbiota plays an important role in the physiological activities of the host and affects the 

formation of important economic traits in agricultural animals. We investigated the effects of cecal microbiota 

on chicken weights using the Guizhou yellow chicken as a model. We collected experimental cohorts from 

chickens with high (HC, n=16) and low body weights (LC, n=16) and integrated microbial 16S rRNA gene 

sequencing and non-targeted serum metabolome data to explore the effect and its metabolic mechanism of 

cecal microbiota on market weight. The genera Lachnoclostridium, Alistipes, Negativibacillus, Sellimonas 

and Ruminococcus torques group were enriched in the HC group while Phascolarctobacterium was 

enriched in the LC group (P<0.05). Metabolomic analysis determined that pantothenic acid, luvangetin (2H-1-

benzopyran-6-acrylic acid) and menadione (vitamin K) were significantly higher in HC serum while 

beclomethasone dipropionate (a glucocorticoid) and chlorophene (2-benzyl-4-chlorophenol) were present at 

higher levels in the LC group. The microbes enriched in HC that were significantly positively correlated with 

metabolites including pantothenic acid and menadione and negatively correlated with beclomethasone 

dipropionate and chlorophene. These results indicated that specific cecal bacteria in Guizhou yellow chickens 

alter the host metabolism and growth performance. This study provides a reference for revealing the 

mechanism of cecal microbe actions that affect chicken body weight. 

Keywords: market weight; cecal microbiota; metabolome; Guizhou yellow chicken; 16S rRNA 

 

Introduction 

Chicken meat is a major protein source throughout the world [1] and the improvement of 

chicken production performance is necessary to meet increasing demand. Market weight is a key 

growth trait in chickens [2] that can be scientifically altered. High market weight can increase 

the turnover in the chicken production pen, reduce labor costs and bring direct economic benefits to 

farmers. In spite of numerous studies focused on unraveling the mechanisms for market weight 

increases, this complex economic trait has yet to be fully understood [3–5]. 
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The gut microbiome influences host metabolism [6], immune responsiveness  [7] as well as 

feeding behavior [8]. These processes are potential mechanisms through which the gut microbiome 

affects chicken growth traits. For example, the presence of Lachnospiraceae in the cecum was found to 

be related to high growth performance (body weight) for chickens while the presence of Escherichia 

had the opposite effect [9]. Cecal microbiome possessing Microbacterium and Sphingomonas in Turpan 

gamecock progeny×White Leghorn chickens were significantly correlated with high body weight 

while Slackia was enriched in the ceca of low-weight chickens [10]. In addition, high Lactobacilli abundance in 

the chicken jejunum was beneficial to growth while Comamonas enrichment produced a negative outcome on 

growth rates [11]. The addition of exogenous Bacillus subtilis and Bacillus licheniformis to chicken feed also 

promoted growth performance [12,13]. Together, studies such as these have indicated that gut microbes 

are an important factor affecting growth performance in chickens. However, the conclusions have 

not been completely consistent in determining which microbes produce the greatest effect on chicken 

growth performance. 

Relationships between the gut microbiome and growth performance in chickens have been also 

linked to gender [14], induction of inflammatory factors [11,15]and regulation of fat metabolism [10]. 

Modern omics technologies and especially metabolomics have linked gut microbes to regulation of 

metabolite production that can profoundly alter host physiological functions and thereby affect host 

phenotype [6,16,17].These technologies have provided a new perspective for the analysis of the 

complex economic characteristics of livestock and poultry and is becoming an important means of 

analyzing complex traits of agricultural animals. Based on this, the mechanism of the formation and 

regulation of some complex traits in livestock and poultry has been revealed [18]. For example, 

Prevotella are a key bacterial genus that affect pig intramuscular fat deposition via production of 

lipopolysaccharide, branched-chain amino acids (BCAA) and arachidonic acids. This has clarified the 

mechanism of fat deposition in pigs [19]. Xue et al. combined rumen microbiome and metabolome 

methods to explore the formation mechanism of milk protein in cows and high Prevotella abundance 

in the rumen altered amino acid metabolism  resulting in increased milk protein content. In contrast, 

enrichment of methanogens in the rumen was not conducive to increasing the milk protein content 

[20]. Therefore, the technology of integrating gut microbiome and metabolomics is helpful for the 

identification of key microbes related to growth traits and the analysis of their metabolic mechanisms 

in chickens [21,22]. 

The Guizhou yellow chicken is a breed of yellow-feathered broiler chicken with excellent meat 

quality and good flavor currently being cultivated in Guizhou Province, China. This important local 

breed was obtained by crossing Guizhou Weining ♀ and Golden Plymouth Rock ♂ [23] . However, 

this chicken does not have the high growth performance of commercial breeds. Therefore, in the 

current study we combined microbial 16S rDNA gene sequencing and untargeted metabolomics to 

explore the effect of gut microbiome on the growth performance of Guizhou yellow chickens to 

identify key microbes associated with market weight and preliminary explore the possible metabolic 

mechanisms for improved growth performance. Our results can provide new insights into the 

analysis of chicken growth performance and provide research references for the discovery of growth-

promoting probiotics. 

2. Materials and methods 

2.1. Experimental animals and sample collection 

Animal Care and Use Committee in Guizhou University approved this project (approval 

number: EAE-GZU-2022-T050). We utilized 49 Guizhou yellow chickens collected from local sources 

that were raised in the scientific research chicken farm of Guizhou University and provided clean 

water and a commercial diet ad libitum. The animals were vaccinated against Marek’s and Newcastle 

disease, infectious bronchitis and bursal virus according to routine immunization procedures. No 

antibiotics were used within one month prior to sacrifice at 18 weeks of age (general market age). At 

that time, the 8 roosters and 8 hens that possessed the highest body weights in the group constituted 

the high-weight group (HC, n=16) and a similar group was selected for the low-weight group (LC, 
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n=16). Serum samples were collected immediately prior to sacrifice and quick-frozen in liquid 

nitrogen and ~2 g cecal content was collected at the same position in each chicken cecum and quick-

frozen in liquid nitrogen. Serum and cecal samples for untargeted metabolomics and 16S rDNA gene 

sequencing were performed at Shanghai Applied Protein Technology and Shanghai Majorbio 

Biopharm Technology, respectively. The experimental flow chart see Figure S1. 

2.2. Sequence splicing and ASV annotation 

Amplicon sequencing was conducted using an Illumina MiSeq platform (Illumina, San Diego, 

CA, USA). The reads were first filtered and assembled into tags according to overlap relationships 

between the paired-end reads. Tags were then clustered into amplified sequence variants (ASV). Data 

was optimized using the DADA2 to obtain the representative ASV sequence and abundance 

information. Representative sequences of each ASV were annotated using the Silva database 

(https://www.arb-silva.de/) with a taxonomic confidence level of 0.7. 

2.3. Extraction of serum samples 

Serum samples were thawed at 4 °C and an appropriate amount was added to pre-cooled a 

methanol/acetonitrile/water solution (2:2:1, v/v) and vortexed and  ultrasonicated at low 

temperature for 30 min and kept at -20 °C for 10 min. Samples were then centrifuged at 14 000 × g at 

4 °C for 20 min. Supernatants were transferred into clean tubes and dried under vacuum and the 

residue was suspended in 100 μL 50 % acetonitrile for UPLC-QTOF/MS analysis. 

2.4. Chromatography-mass spectrometry analysis 

2.4.1. Chromatographic conditions 

Sample compunds were separated using an Agilent (Santa Clara, CA, USA) 1290 Infinity LC 

ultra-high performance liquid chromatography system using a hydrophilic interaction (HILIC) 

column using the mobile phases as follows: A (25 mM ammonium acetate and 25 mM ammonia in 

H2O) and B (acetonitrile). The gradient elution procedure as follows: 0-0.5 min, 95% B; 0.5-7 min, B 

95 to 65%; 7-8 min, B 65 to 40%; 8-9 min, B 40%; 9-9.1 min, B 40 to 95%; 9.1-12 min, B 95%. During this 

process, the proportion of mobile phase A changed accordingly. Samples were placed in an 

autosampler tray at 4℃. QC samples were inserted into the samples queues to monitor and evaluate 

the stability of the system and the reliability of experimental data. 

2.5. Statistical analysis 

2.5.1. Analysis of microbiota diversity and composition differences 

Analysis for taxonomic clusters utilized the ASVs and quality control was carried out under with 

the conditions of relative abundance > 0.05% and detection of ASV in > 80% of the samples [24]. ASV 

α-diversity was identified using Shannon, Simpson, Chao1, Faith’s phylogenetic diversity (PD) and 

ACE indices that were calculated using Mothur software v 1.31.2 [25]. The Wilcoxon rank sum test 

was used to compare α-diversity differences between two groups. Principal coordinates analysis 

(PCoA) [26] was performed to evaluate the discrepancy of the phylogenetic compositions of cecal 

microbiota between HC and LC. Linear discriminant analysis with difference contribution analysis 

(LEfSe) was performed with LDA>2 and P<0.05 as thresholds to identify bacterial composition 

differences between two groups. 

2.5.2. Construction of cecal microbial co-abundance groups 

The quality-controlled ASVs were used to construct co-abundance groups (CAGs) of cecal 

microbiota. The correlation matrix between ASVs was calculated based on the SparCC algorithm [27] 

using the SpiecEasi package in the R. Paired ASVs with a correlation coefficient >0.5 were used for 

further analyses. The correlation coefficient values were converted into correlation distances (1-
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correlation coefficient) and ASVs were clustered into CAGs based on the Ward algorithm with the 

Vegan package in the R. Cytoscape v 3.9.1[28] was used for visualization of cecal microbiota CAGs. 

2.5.3. Serum metabolomics analysis 

The online analysis platform MetaboAnalyst 5.0 (https://www.metaboanalyst.ca/) was used to 

conduct partial least squares discriminant analysis (PLS-DA) and metabolite enrichment analysis on 

the serum metabolome. Correlations between differential microbiota and differential serum 

metabolites were analyzed using Spearman’s rank coefficient. 

3. Results 

3.1. Growth performance of the study chickens  

The weight gain trends for the HC and LC groups of chickens was consistent from 0 to 18 weeks 

of age when the animals were provided with identical environments and feed and water access. We 

found no significant difference in body weights between the two groups from 0 to 6 weeks of age. In 

contrast, from week 8 onwards, body weight differences reached the level of statistical significance 

(P < 0.05) (Figure 1a). By 18 weeks of age, the body weights for HC (2187.81±232.58 g) were 

significantly (P<0.01) greater that the LC group (1817.69±199.30 g) (Figure 1b and Table S1). 

 

Figure 1. Body weight of experimental Guizhou yellow chickens. (a) Changes in body weight of 

ages 0 to 18 weeks. * P<0.05, **P<0.01, *** P<0.001. (b) Body weight distribution of experimental 
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chickens at 18 weeks of age. HC, high-weight chicken group (n = 16). LC, low-weight chicken group 

(n = 16). 

3.2. Cecal microbial diversity in high versus low weight chickens 

A total of 32 microbial DNA samples from HC and LC chickens were used for 16S rDNA gene 

sequencing and 1,535,941 clean reads were generated after QC and 1955 ASVs were identified for all 

samples (Table S2). We found no significant differences for the Shannon and Simpson of α-diversity 

indices between the two groups (Figure 2a,b). PCoA analysis showed a lack of significant differences 

in β-diversity of the HC and LC cecal microbiota although a certain aggregation effect was evident 

(Figure 2c). 

 

Figure 2. Differences of cecal microbiota diversity between high-weight and low-weight chickens. 

Comparison of α-diversity in cecal microbiota between HC and LC using the (a) Shannon and (b) 

Simpson indices. (c) PCoA of cecal microbiota from HC and LC. See Figure 1 for abbreviations. 

3.3. Bacteria differentially abundant in HC versus LC 

At the phylum level and based on relative abundance, the cecal microbiota of the Guizhou 

yellow chicken was primarily composed Firmicutes (46.88%), Bacteroidota (46.28%), Actinobacteriota 

(3.91%), Desulfobacterota (0.86%) and Synergistota (0.85%) (Figure 3a and Table S3). A comparison 

based on abundance for HC and LC indicated that Verrucomicrobiota were present at significantly 

higher levels in HC (Wilcoxon test, P = 0.017) while Desulfobacterota were significantly (P=0.029) 

higher in the LC group (Figure 3c and Table S4). At the genus level, the dominant bacteria were 

Bacteroides (25.15%), Megamonas (8.05%), Prevotellaceae UCG-001 (5.98%), Ruminococcus torques group 

(5.93%) and Phascolarctobacterium (5.92%) (Figure 3b). A comparision by abundance for HC and LC 

identified 17 genera. In the HC group, the most abundant were Ruminococcus torques group, unclassified 

Bacteroidales, Parabacteroides, Bifidobacterium and Alistipes. The LC group were enriched in 8 genera 

including Phascolarctobacterium, Rikenellaceae RC9 gut group, Lactobacillus, Desulfovibrio and Bacillus 

(Figure 3d).  

We further explored the characteristics of the cecal microbiota for the LC and HC groups at the 

ASV level using LEfSe analysis. We confirmed that 22/223 ASVs displayed differential abundances 

and 8 ASVs were significantly enriched in LC and 14 were significantly enriched in HC (LDA>2, P 

<0.05). Again, Ruminococcus torques group (ASV20), Alistipes (ASV26, ASV169), Lachnoclostridium 

(ASV482) were enriched in HC and Phascolarctobacterium (ASV5, ASV7), Lactobacillus (ASV17, ASV19) 

and Bacillus (ASV487) were enriched in LC and also displayed significant differences at the genus 

level (Figure 3e,f). 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 August 2023                   doi:10.20944/preprints202308.0730.v1

https://doi.org/10.20944/preprints202308.0730.v1


 6 

 

 

Figure 3. Differences of cecal microbiota between high-weight and low-weight chickens. 

Comparison of cecal microbiota composition between HC/LC at the (a) phylum and (b) genus levels. 

Cecal microbiota showing different abundances at the (c) phylum and (d) genus levels between HC 

and LC. (e) Differential ASVs identified by LEfSe analysis between HC and LC. See Figure 1 for 

abbreviations. 
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3.4. Identification of co-abundance groups (CAG) associated with body weight 

Another goal of this study was to explore the gut microbiota clusters associated with chicken 

body weight [29]. We therefore clustered the identified 223 ASVs into 20 CAGs and compared the 

average relative abundance of each CAG between groups using the Wilcoxon test. We found 4 CAGs 

that significantly differed between the two groups: CAG6, CAG9, CAG16 and CAG17 (Figure 4a). 

CAG6 was enriched in LC and contained 22 ASVs and Phascolarctobacterium ASV5 was the most 

enriched in LC. This suggested that CAG6 with Phascolarctobacterium as the core has a potential 

negative effect on growth performance. In contrast, CAG17 was enriched in HC and included 

Ruminococcus torques group ASV642, Bifidobacterium ASV279, Alistipes ASV26, Alistipes ASV239 and 

others. In addition, CAG9 was centered on Ruminococcus torques group ASV20 while CAG16 contained 

bacteria such as Parabacteroides that were enriched in HC at the genus level (Figure 4b and Table S5). 

 

Figure 4. Co-abundance groups (CAG) of cecal microbiota associated with high-weight and low-

weight chickens. (a) Association of CAGs with HC or LC. CAG6 was enriched in the cecal microbiota 

of LC and CAG9, CAG16, and CAG17 were enriched in the cecum of HC. (b) Comparison of relative 

mean abundance in four differential CAGs between HC or LC. See Figure 1 for abbreviations. 
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3.5. Differential serum metabolites between HC and LC 

Untargeted metabolome assays were performed on serum samples from all 32 chickens and a 

total of 766 annotated serum metabolites were detected including 494 positive ion metabolites and 

272 negative ion metabolites. Metabolomics data analysis was performed on the MetaboAnalyst 5.0 

online platform and the PLS-DA results indicated that the metabolites of HC and LC were 

significantly separated (Figure 5a). The metabolites annotated by the positive and negative ion modes 

were combined and the differential metabolites were compared at a threshold of VIP>1, P<0.05. There 

were 44 metabolites showing significant differences between two groups and included 13 metabolites 

such as pantothenic acid, luvangetin (2H-1-benzopyran-6-acrylic acid), metyrapone (methyl-1,2-di-

pyridyl-1-propanone) and sempervirine (16,17,18,19-tetrahydroyohimban) that were at higher levels 

in group HC. In LC, we identified 31 significant metabolites including phosphocreatine,  glufosinate 

(2-amino-4-[hydroxy(methyl)phosphoryl] butanoic acid), hesperetin ((2S)-5,7-dihydroxy-2-(3-

hydroxy-4-methoxyphenyl)-2,3-dihydrochromen-4-one  and chlorophene (2-benzyl-4-

chlorophenol) (Figure 5b,c). We then performed pathway enrichment analysis with these 

differential metabolites and in the HC group four metabolic pathways were enriched including 

ubiquinone and other terpenoid-quinone biosynthesis, pantothenate and CoA biosynthesis (Figure 

5d). In group LC, 5 metabolic pathways were enriched including riboflavin metabolism, phosphonate 

and phosphinate metabolism (Figure 5e). 

3.6. Correlation analysis reveals relationships between the cecal microbiota and serum metabolites  

We next integrated the differential bacteria at the ASV, genus and CAG levels. The Ruminococcus 

torques group, Lachnoclostridium, Alistipes, Negativibacillus and Sellimonas were enriched in HC and 

Phascolarctobacterium was enriched in LC in all analyses at three levels (Table S6). Spearman’s rank 

correlation analysis was then performed between these bacteria and differential metabolites and 

Ruminococcus torques group enriched in HC was significantly positively correlated with pantothenic 

acid (P = 0.029, r = 0.386). In addition, menadione in Vk3 was positively correlated with numerous 

bacteria enriched in HC. These included Lachnoclostridium ASV482, Alistipes ASV26, Negativibacillus 

ASV83 and Sellimonas ASV409, suggesting these bacteria might promote the synthesis of menadione 

and have beneficial effects on the growth performance of the chickens. The detailed relationships 

between weight-related bacteria and differential metabolites is shown in Figure 6. 
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Figure 5. Identification of the metabolic signatures between high-weight and low-weight chickens. 

(a) Partial least squares discriminant analysis (PLS-DA) of untargeted serum metabolome data from 

HC and LC. The pink and blue markers represent HC and LC, respectively. (b) Variable importance 

in projection (VIP>1) scores for the top serum metabolites contributing to variation in metabolic 
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profiles of HC and LC (top 30). (c) Annotation table of differential metabolites enriched in HC or LC. 

Metabolic pathways enriched in (e) HC and (f) LC. See Figure 1 for abbreviations. 

 

Figure 6. Correlation between differential serum metabolites and weight-related cecal microbiota. 

Red indicates a positive correlation while blue indicates a negative correlation. See Figure 1 for 

abbreviations. 

4. Discussion 

Growth performance is an important economic trait for chickens and the gut microbiota have 

been proven to play an important role in the life activities of the host. However, clear correlations 

between the gut microbiome and chicken growth performance have not been fully revealed. 

Therefore, we employed 16S rDNA sequencing to characterize the cecal microbiota profile of 

Guizhou yellow chickens and explored the relationship between cecal microbiota and body weight. 

We found that high-growth chickens exhibited distinct cecal microbiota composition characteristics 

compared with low-growth chickens as did serum metabolites. These results suggested that cecal 

microbiota dysbiosis may be an underlying reason for poor growth performance in chickens. 

The composition of the gut microbiota for individual animals also varies by location within the 

animal and the diversity and abundance of microbiota in the cecum is the highest. Therefore, our 

research used representative cecal microbiota from local chickens for further research [30–32]. By 

comparing the α-diversity of cecal microbiota with in high-weight and low-weight chickens, we 

found that there was no significant difference between the two groups and was consistent with 

another report [33]. The similarity of cecal microbiota in high-weight and low-weight chickens was 

analyzed using PCoA. The results of β-diversity analysis displayed an aggregation effect for each 

group indicating common cecal microbiota characteristics in the same weight group. At the phylum 

level, abundance of the Verrucomicrobiota was significantly higher in the cecum of HC while 

Desulfobacterota was significantly less while more abundant in the LC group. These results were 

inconsistent with a previous study using chickens in which the phyla Bacteroidetes was more 

abundant in low-weight chickens and Firmicutes was more abundant in low-weight chickens [33]. 

This difference points out important relationships between breed, rearing methods and feed for the 

particular animals. 

At the genus level, we identified Lachnoclostridium, Alistipes, Negativibacillus, Sellimonas and 

Ruminococcus torques group as characteristic bacteria associated with high body weight in chickens 

while Phascolarctobacterium was the key cecal genus in the low body weight chickens. This indicates 

an important role of these bacteria in the formation of growth traits. In particular, Lachnoclostridium 

was a newly defined genus that can ferment polysaccharides to produce short-chain fatty acids 

including butyric and acetic acids. These have anti-inflammatory effects and can promote the growth 

of intestinal epithelial cells and the enhancement of intestinal barrier function. Lachnoclostridium is 

also linked to host nutrient absorption and its reduced abundance will lead to the downregulation of 
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functional pathways such as protein processing and nutrient transport in the host [34–36]. In mice, a 

reduced Lachnoclostridium abundance was associated with decreased body weight [37]. These 

beneficial effects of Lachnoclostridium on the host might be the reason for its enrichment in the cecum 

of high-weight chickens. Alistipes is an obligate anaerobic Gram-negative bacterium (Bacteroidetes) 

that can produce acetic and propionic acids. A reduction in Alistipes abundance is linked to a 

reduction in the levels of short-chain fatty acids. In addition, Alistipes finegoldii was specifically 

proven to promote the growth of broiler chickens [38–40]. Negativibacillus is a Gram-negative 

Firmicute and its abundance in the mouse gut was positively correlated with body weight gain [41]. 

Sellimonas is an obligate anaerobic, non-motile Gram-positive first isolated from human feces in 2016 

[42]. Ruminococcus torques is an important microbe in the gut of patients with inflammatory bowel 

disease [43]. It has a confirmed role in digesting resistant starch and stabilizing the intestinal barrier. 

Nevertheless, the functions of different species of the Ruminococcus genus differed widely between 

reports. We found that the Ruminococcus torques group was significantly positively correlated with 

pantothenic acid. A specific cause and effect relationship between growth performance and 

pantothenic acid metabolism by this group will be the subject of subsequent experiments. 

Our serum metabolome analyses identified several vitamin metabolism-related pathways that 

may be related to body weight including pantothenate and CoA biosynthesis that were enriched in 

the serum of the high body weight group. In contrast, the riboflavin metabolism pathway enriched 

in the low body weight group which highlights the importance of vitamin metabolic pathways for 

the regulation of growth traits in chicken. In the differential metabolites, pantothenic acid (Vitamin 

B5) and menadione (Vitamin K3) were significantly higher in the serum of high-weight chickens. 

Pantothenic acid is involved in the metabolism of sugar, fat and protein in both humans and animals 

[44]. Lack of pantothenic acid will cause growth retardation in poultry [45]. Menadione is the fully 

reduced form of vitamin K that possesses had strong antioxidant effects in addition to its 

conventional function related to coagulation as a cofactor for glutamyl carboxylase that is also 

required for the function of the bone matrix protein osteocalcin required for bone remodeling and 

growth [46]. Oxidative damage adversely affects growth performance in animals [47] and menadione 

enrichment in high body weight group might be directly linked to this trait but also requires further 

experimentation.  

Interestingly, we also established an association between gut microbiota and serum metabolites. 

In particular, pantothenic acid and menadione were enriched in high-weight chickens and were 

significantly associated with a variety of high-weight-associated bacteria. For example, pantothenic 

acid was significantly positively correlated with Ruminococcus torques group and menadione was 

significantly positively correlated with Lachnoclostridium, Alistipes, Negativibacillus and Sellimonas. 

Metabolites enriched in low-weight chickens were primarily negatively correlated with these 

bacteria. These results indicated that Lachnoclostridium and other characteristic bacteria of high-

weight chickens may have beneficial effects on the body by promoting the secretion or absorption of 

metabolites. Phascolarctobacterium was an important bacteria that we found to be enriched in the 

cecum of low-weight chickens. Phascolarctobacterium is an obligate anaerobic originally isolated from 

koala feces [48]. Another study also found that Phascolarctobacterium abundance was higher in low 

feed conversion chickens and was related to a low nutrient absorption capacity of the host. However, 

the study did not elucidate a detailed mechanism [49]. An addition study found that the abundance 

of Phascolarctobacterium in the gut increases when chickens are exposed to high temperatures for 

extended periods and this exposure also results in elevated levels of heat shock proteins and related 

inflammatory gene expression [50]. Heat stress altered the structure and function of enzymes in the 

chicken body, reduced the pH of the blood and caused metabolic acidosis. These were negative 

influences on chicken growth [51,52] and intestinal inflammation also decreases nutrient absorption 

causing body weight to drop [53–55]. The presence of Phascolarctobacterium was correlated with the 

induction of inflammation under the action of heat stress and other harmful factors in chickens. These 

results are consistent with our results where Phascolarctobacterium was enriched in the cecum of low-

weight chickens. 
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In our study, we identified the cecal microbes associated with body weight and preliminarily 

explored the metabolic mechanism of cecal microbiota affecting growth performance in chickens. 

However, our research also has some limitations that should be addressed or avoided in subsequent 

research. Firstly, our research was a small sample, single center, cross-sectional study. Secondly, we 

only analyzed the cecal microbiota and serum metabolites at time of sacrifice and did not collect the 

samples at different growth stages. Therefore, we need to further study the causal mechanism 

between gut microbiota and growth traits through larger sample sizes, use a multi-center design and 

apply the innovative research techniques of integrated omics technology to provide a research basis 

for revealing the mechanism of chicken growth traits as related to the cecal microbiome. 

5. Conclusions 

We successfully combined 16S rRNA gene sequencing with untargeted serum metabolomics to 

investigate the effect of cecal microbiota composition on chicken growth performance. The genera 

Lachnoclostridium, Alistipes, Negativibacillus, Sellimonas, Sellimonas and Ruminococcus torques group had 

beneficial effects on the growth performance of chickens while Phascolarctobacterium correlated with 

low growth performance. A correlation analysis revealed links between specific gut microbiota and 

serum metabolites. Our results provide new insights into the role of gut microbiota in growth 

performance of chickens and also lays the foundation for the subsequent development of chicken 

growth-promoting probiotics or prebiotic-related products. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org. Table S1 | Body weights of the Guizhou yellow chickens at 18 weeks old used in 

this study. Table S2 | Sequencing results of cecal microbiota from Guizhou yellow chickens. Table S3 | Relative 

abundance of cecal microbiota at the phylum level. Table S4 | The relative abundance of cecal microbiota at the 

genus level. Table S5 | Co-abundance groups (CAGs) enriched in the high weight chickens or low weight 

chickens. Table S6 | The common differential bacteria groups by ASV, genus and CAG levels. Figure S1 | 

Experimental flow chart. Experimental cohort comprises 49 healthy Guizhou yellow chickens. 8 roosters and 8 

hens that possessed the highest body weights in the group constituted the high-weight group (HC, n=16) and a 

similar group was selected for the low-weight group (LC, n=16). Cecal samples were collected and subjected to 

16S rRNA sequencing to infer microbial profiles. Concurrent blood samples were collected to perform 

untargeted metabolomics detection. Cecal and serum metabolites were identified by statistical analysis. 
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