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Bacterial diversity and its relationship to growth performance of broilers
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Abstract: The microbial community is known to have a key role during the rearing period of broilers. In this study,
gut microbial composition and diversity were examined to evaluate the relationships between these factors and broiler
growth performance. By applying 454-pyrosequencing of the V1−V3 regions of bacterial 16S rRNA genes, six fecal
samples from four- and 28-day-old chickens from three broiler farms and 24 intestinal samples of broilers with heavy
and light body weights were analyzed. Microbial composition assessment revealed Firmicutes to be the most prevalent
phylum at farm A, while Proteobacteria were predominant at farms B and C. Fecal microbial richness and diversity
indices gradually increased from four to 28 days at all three farms. Microbial diversity assessment revealed that small
intestine microbial diversity was lower in heavy birds than in light birds. In light birds, the Firmicutes proportion was
lower than that in heavy birds. In conclusion, each broiler farm revealed a specific microbial profile which varied with
the age of the birds. The microbial communities appeared to affect growth performance; therefore, gut microbial profiles
can be utilized to monitor growth performance at broiler farms.
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Introduction

The gut microbiota in chickens consists of diverse prokary-

otic and eukaryotic microbes, which live synergistically in

their host [38]. The gut microflora plays a key role in main-

taining a conditioned status by the competitive exclusion of

pathogens. It is also related with a number of reactions, such

as the metabolization of nutrients, the development of

immune responses, and the regulation of both health and dis-

eases [25, 34]. In poultry, several studies have suggested that

there is significant diversity in bacterial populations among

different parts of the gastrointestinal tract (GIT) [2, 22], and

that the microbial profiles of the GIT are connected to the

growth and health of flocks [26, 29]. 

Gut health can be affected by various factors, such as the

host, feed, litter, farm facilities, and environment [12]. Distur-

bances in the balance of the gut microbiota subsequently

impair feed efficiency and growth performance [39]. The

growth performance of broilers is one of the most critical con-

cerns for producers. Several parameters such as the feed conver-

sion ratio (FCR), body weight at market age, and livability were

included in the elements of performance indices and used to

determine the body performance of broiler flocks. Antibiotic

growth promoters in food animal production have been used

to enhance the growth performance and the health status of

animals since the mid-1940s [18]. However, antibiotics-free

programs have been established worldwide and these have

induced a negative impact on body weight gain and frequent

occurrences of bacterial enteritis in broiler farms [9]. 

Bacterial enteritis can cause economic losses, increased

mortality, the disturbance of animal welfare, and risks the

contamination of products for human consumption [32]. The

presence of specific bacterial species and a variety of environ-

mental factors were involved in outbreaks of enteritis among

broilers. These extrinsic and intrinsic factors also include

medication exposure, diet, litter management, housing type,

biosecurity, flock age, genetic elements mediating drug resis-

tance, and the gut microbial community [1, 10]. Until recently,

a number of previous studies on poultry bacterial populations

have relied on conventional culture methods to identify infec-

tious agents and enumerate bacterial species [14]. However,

such labor-intensive and time-consuming cultivation based–

methods have limitations in their ability to provide compre-

hensive observations of chicken’s gut microbiota. 

The metagenomic approach, enhanced by high-throughput

sequencing technologies, has begun to fulfill expectations

and revolutionize our understanding of microbial communi-

ties by encompassing both the host and environmental aspects

[21]. The metagenomic analysis of fecal microbiomes by

Singh et al. [26] indicated that fecal microbiota may be

related to broiler performance and suggested the potential use

of these tools for improving feed efficiency and weight gain
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via the development of poultry-specific probiotics. The effects

of antibiotics or probiotics on the gut microbiome of broilers

were also evaluated using metagenomic techniques [7, 27].

Next generation sequencing technologies provide the oppor-

tunity to examine the bacterial diversity of broilers and lays

the foundation for future studies to assess the fecal or intesti-

nal microbial changes associated with growth performance. 

The aims of this study were to describe the microbial com-

munities in feces and the intestinal contents of duodena,

jejuna, and ceca harvested from broilers, using the pyrose-

quencing-based 16S rRNA gene analyses, and to character-

ize the fecal and gut microbiota of broilers during the rearing

period to identify the possible relationships between particu-

lar microbial profiles, health, and weight gain. 

Materials and Methods

Poultry farm and birds

Three commercial broiler farms in Jincheon-gun, one of

the largest broiler-growing regions in South Korea, were

enrolled in this study. Two farms (farms B and C) were under

contract by the same company and received the same feed

and bedding materials. The remaining farm (farm A) used

different feed and litter. All three farms were provided with a

standard corn- and soybean-based commercial feed and did

not use any antibiotics, growth promoters, or probiotics dur-

ing the experiments. The birds were one-day-old Ross-type

broiler chicks from commercial hatcheries (farms B and C

received their broiler chicks from the same hatchery) and

were grown to approximately four to five weeks old. All

birds from the three farms were vaccinated using an aerosol

spray delivery of the Newcastle disease vaccination at hatch-

ing and a water-administered infectious bursal disease vacci-

nation at 12−14 days old.

Sample characterization

Two independent experiments were performed. In experi-

ment I, farm-level differences in the fecal microbiomes of

three commercial broiler farms (farms A, B, and C) were

examined from December 2013 to February 2014. The farms

were examined when the chicks were four days old and again

at 28 days. The samples consisted of pooled stool collected

from different locations (a minimum of 10 sites) at each farm

over the broiler-rearing period, using disposable wooden appli-

cators and sterile sampling bags. Upon collection, the samples

were kept frozen at −20oC, preceding DNA purification. 

In experiment II, one commercial broiler flock from farm

B was selected to analyze intestinal samples to determine dif-

ferences in intestinal segments. From February to March

2015 and based on the body weight of the broilers at 31-

days-old, the top 40 ranked birds were randomly divided into

four heavy-weight groups of 10 birds each. The bottom-

ranked 40 birds were randomly divided into four light-weight

groups, also of 10 birds each. A one-way analysis of the vari-

ance was used to examine the differences in body weight

between the heavy and light groups, which were found to be

statistically significant at p < 0.01 (data not shown). Eighty of

the 31-day-old Ross-type birds were euthanized and duodenal,

jejunal, and cecal sections of their intestines were aseptically

collected and homogenized. Homogenates included both intes-

tinal contents and intestinal walls. For each euthanized bird,

individual body weight was recorded. All animal handling

procedures were conducted according to protocols approved

by the institutional animal care and use committee of Chung-

buk National University, in Cheongju, South Korea.

DNA extraction

Total DNA containing the microbial communities was

extracted using a QIAamp DNA Stool Mini Kit (Qiagen, USA)

according to the manufacturer’s instructions. The extracted

DNA was used as a template in the polymerase chain reac-

tion (PCR) to amplify the 16S rRNA genes.

Pyrosequencing

The extracted DNA was amplified using barcoded fusion

primers targeting the V1−V3 hypervariable regions of 16S

rRNA genes. The primers contained the 454 adapter, a key

sequence (four bases), a barcode sequence (seven–nine bases,

only in the reverse primer), a linker (two bases) and the

sequence of the universal primers 27F and 518R [3]. The for-

ward primer sequence was 5’-CCTATCCCCTGTGTGCCTTG-

GCAGTC-TCAG-AC-GAGTTTGATCMTGGCTCAG-3’, and

the reverse primer sequence was 5’-CCATCTCATCCCT-

GCGTGTCTCCGAC-TCAG-X-AC-WTTACCGCGGCT-

GCTGG-3’; the X represents the barcode sequence, which was

a unique sequence designed to differentiate sequencing reads

from different samples. PCR was performed using a C1000

Touch Thermal Cycler (Bio-Rad Laboratories, USA) with the

cycling conditions: An initial denaturation step (5 min at

94oC), followed by 30 cycles of denaturation (30 sec at 94oC),

annealing (45 sec at 55oC) and extension (90 sec at 72oC).

The amplified PCR products were confirmed by 2% agarose

gel electrophoresis and visualized under the Gel Doc system

(Bio-Rad Laboratories). Amplicons were purified with a

QIAquick PCR Purification Kit (Qiagen) and quantified

using a PicoGreen dsDNA Assay Kit (Invitrogen, USA). The

equimolar concentrations of each amplicon, from different

samples, were pooled and purified using an AMPure Bead kit

(Agencourt Bioscience, USA) and then amplified on sequenc-

ing beads by emulsion PCR. Sequencing reactions were per-

formed using a Roche/454 GS Junior System (Roche,

Switzerland) following the manufacturer’s instructions. 

Sequence data analysis

The analysis of pyrosequenced data was conducted accord-

ing to the methods used in previous research [4]. Briefly, raw

pyrosequencing reads from the fecal and intestinal samples

were sorted by sample-specific barcode sequences, the bar-

coded fusion primers were trimmed, and low quality reads

(average quality score < 25 or read length < 300 bp) were removed.
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The sequencing results were compared with sequence data

deposited in GenBank using the BLAST search program to

detect both non-targeting 16S rRNA gene sequences and chi-

meric sequences from the sequencing reads, and these

sequences were filtered out. In this study, strain identification

was analyzed using EzTaxon and EZBioCloud database (Chun-

Lab, Korea) [5]. The sequences were clustered into opera-

tional taxonomic units (OTUs) at 97% similarity. 

All statistical analyses of the bacterial communities were

carried out with CLcommunity software (ChunLab). The

Shannon index (diversity index) and Chao1 (diversity estima-

tor) were calculated using RDP pyrosequencing pipelines [6].

The OTUs unique to a specific sample were defined with the

CD-HIT program [13] at 3% sequence dissimilarity using

Taxon XOR analysis. Principal coordinate analyses (PCoA)

were used to compare relationships among the samples using

the unweighted UniFrac distance metric [15], and a heat map

was used to represent the relative abundance of dominant

genera. 

Statistical analysis

The data were expressed as mean ± SE, and statistical

analyses were performed using a statistical analysis package

(ver. 22; IBM, USA).

Table 1. The general properties and 16S rRNA gene libraries of each sample in Experiments I and II

Sample ID* Sampling date (d) Samples Number of reads Number of OTU Description

Experiment I

A4F 54 Feces 6,257 1,137 Pooled fecal sample from 

Farm A at 4 and 28 daysA28F 28 Feces 6,529 1,458

B4F 54 Feces 9,803 827 Pooled fecal sample from 

Farm B at 4 and 28 daysB28F 28 Feces 4,385 815

C4F 54 Feces 6,319 828 Pooled fecal sample from 

Farm C at 4 and 28 daysC28F 28 Feces 5,312 1,017

Experiment II

H1D

31

Duodenum 19,507 1,843
Pooled intestinal sample 

from heavy group 1
H1J Jejunum 20,773 1,578

H1C Cecum 52,06 1,212

H2D

31

Duodenum 16,973 1,957
Pooled intestinal sample 

from heavy group 2
H2J Jejunum 19,424 1,628

H2C Cecum 6,425 1,486

H3D

31

Duodenum 28,133 2,613
Pooled intestinal sample 

from heavy group 3
H3J Jejunum 29,562 2,084

H3C Cecum 6,718 1,517

H4D

31

Duodenum 26,140 2,325
Pooled intestinal sample 

from heavy group 4
H4J Jejunum 26,651 2,141

H4C Cecum 6,141 1,523

L1D

31

Duodenum 16,556 2,787
Pooled intestinal sample 

from light group 1
L1J Jejunum 16,457 2,508

L1C Cecum 5,939 1,435

L2D

31

Duodenum 11,623 2,385
Pooled intestinal sample 

from light group 2
L2J Jejunum 11,918 2,220

L2C Cecum 7,678 1,530

L3D

31

Duodenum 23,698 3,125
Pooled intestinal sample 

from light group 3
L3J Jejunum 18,754 2,460

L3C Cecum 6,010 1,404

L4D

31

Duodenum 16,514 2,668
Pooled intestinal sample 

from light group 4
L4J Jejunum 4,185 971

L4C Cecum 7,539 1,459

Total 397,129 52,941

OUT, operational taxonomic unit. *Sample identification number. Thirty samples were analyzed including pooled fecal samples for inter-
farm comparisons (Experiment I) and individual intestinal samples for intra-farm comparisons (Experiment II). 
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Results

Information of pyrosequencing data

In this study, the microbial compositions and changes in

bacterial profiles of feces and intestinal contents during the

rearing period of broilers were investigated via the pyrose-

quencing of 16S rRNA genes. Thirty samples were analyzed,

including pooled fecal samples for inter-farm comparisons

(Experiment I) and intestinal samples of heavy and light

birds for intra-farm comparisons (Experiment II). From these

samples, 397,129 reads were generated and rarefied to a total

of 52,941 OTUs. The information extracted from the ana-

lyzed samples is summarized in Table 1. 

Microbial composition in fecal samples from broiler

farms

The mean prevalence of each microbial phylum from the

fecal samples taken at four and 28 days old are presented in

Figure 1. In farm A, Firmicutes was the major phylum, fol-

lowed by Proteobacteria and Bacteroidetes. In contrast, Pro-

teobacteria was detected as the major phylum in both farms

B and C, followed by Firmicutes. At a lower taxonomic

level, genus-level differences were reported among the three

farms at four days (Fig. 2A) and 28 days (Fig. 2B). The most

abundant bacteria found in fecal samples from the fourth

consisted of the Escherichia genus. In the four-day fecal

samples from farm A, genera such as Clostridium, Proteus,

and Lactobacillus were found in higher proportions, com-

pared to the fecal samples from farms B and C. In the 28-day

samples, a high abundance of Alistipes was found in feces

from farm A. In the samples from farms B and C, Lactoba-

cillus genus was increased in the 28-day fecal samples com-

pared to the four-day samples. The bacterial population

increased and changed over time, consisting of a few types of

bacteria, mostly the coliforms Lactobacillus, Clostridium,

Bacteroides, and Proteus, which were later replaced by a

more complex and diverse microbiome. 

Microbial diversity and farm-specific OTUs in fecal

samples from broiler farms

As shown in Figure 3A, regardless of the farm, Shannon

index and Chao1 gradually increased from four to 28 days in

all three commercial broiler farms, suggesting that the bacte-

rial diversity of each sample became greater as the animals got

older. The microbial profiles of the three commercial broiler

farms were represented using PCoA (Fig. 3B). PCoA plots cat-

egorized fecal samples according to the farm, and illustrated

the microbial succession from four to 28 days, which were

found in all three farms. The early microbial profiles from the

three broiler farms revealed differences according to farm

environments and geographic location. Farm A presented the

highest richness and diversity indices of fecal microbiota, and

a large number of OTUs unique to itself. Lactobacillus, Blau-

tia, and Roseburia genus at four days old and Alistipes and

Sutterella at 28 days old were identifiable at the genus level.

Microbial composition in the intestinal samples from the

heavy and light birds

The differences in the composition of the microbial commu-

Fig. 1. Relative abundance of major phylum in fecal samples

from broiler farms at 4-days old (4d) and 28-days old (28d). 

Fig. 2. Relative abundance of bacterial genera in fecal samples

from broiler farms at 4-days old (A, 4d) and 28-days old (B, 28d).
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nity from the intestinal samples of the heavy and light groups

at the phylum level are shown in Figure 4. The duodenal and

jejunal samples from the heavy groups revealed a predomi-

nance of Firmicutes, while the bacterial communities in the

duodenum and jejunum from the light groups contained greater

proportions of Firmicutes, Proteobacteria, and Bacteroidetes, and

smaller proportions of Tenericutes and Actinobacteria. 

As illustrated in the heat map of Figure 5, the results

revealed that the microbial communities in the intestinal tract

varied between the heavy and light groups. At the lower phylo-

genetic levels, Lactobacillus genus was predominantly detected

in the duodenum and jejunum, while Alistipes and Sutterella

were dominant in the cecum. Compared to the heavy groups,

the small intestines from the light groups had a relatively

lower abundance of Lactobacillus and higher abundances of

Escherichia, Bacteroides, Clostridium, and Eimeria. In the

ceca harvested from the light groups, higher percentages of

Bacteroides were observed than in the ceca harvested from

the heavy groups. 

Microbial diversity and group-specific OTUs in intes-

tinal samples from the heavy and light birds

The PCoA plot representations of the intestinal segments

from the heavy and light groups (Fig. 6) were separated into

different clusters based on the locations in the gut. In addi-

tion, the inter-individual variations within samples from the

light groups were greater than those within samples from

heavy groups. Although the microbial communities found in

the duodenum and jejunum were dispersed sporadically com-

pared to those in the cecum, small intestinal segments were

generally clustered in a group-specific manner, and cecal seg-

ments were clustered in a segment-specific manner. It was

demonstrated that both the heavy and light groups repre-

Fig. 3. Microbial richness and diversity (A) and principal coor-

dinate analysis (PCoA1 and PCoA2) of dataset (B) in fecal sam-

ples from 3 broiler farms (A, B and C) at 4-days old (4d) and 28-

days old (28d). These figures (B) illustrate microbial transitions. 

Fig. 4. Relative abundance of major phylum in intestinal samples from the heavy and light groups.



164 Yeonji Bae, Bonsang Koo, Seungbaek Lee, Jongsuk Mo, Kwanghyun Oh, In Pil Mo

sented body weight–specific clustering with differences in

the gut microbial profiles, particularly in the small intestine. 

Taxon XOR analysis by CD-HIT function detected several

OTUs unique to the light groups. Clostridium perfringens

was mainly detected in all the intestinal segments of the light

groups (data not shown). Other OTUs, which are members of

the Clostridia class, were more abundant in the light groups

and may have contributed to the observed differences

between body weights. Both the increase in Clostridium and

decrease in Lactobacillus, were found in the intestinal sam-

ples of the light groups compared to those of the heavy

groups. Also, there were no specific pathological lesions in

the intestinal tissues from the light groups.

Discussion

Promoting growth performance of broilers has been one of

the most important aims in the poultry industry. Consider-

able improvements have occurred, such as shorter market age

and higher feed conversion ratios, achieved through genetic

selection [29]. A number of studies are still on going to elu-

cidate the microbial community’s involvement in growth per-

formance. This study, using pyrosequencing of 16S rRNA,

investigated the degree of microbial diversity and changes in

bacterial profiles during the rearing period of broilers. 

The development of gastrointestinal microflora is believed

to begin immediately after hatching. Environment has a

major influence on the formation of a bird’s gut microbiome.

As seen in our results from Experiment I, the early microbial

profiles from three broiler farms revealed differences accord-

ing to farm environments and geographic location, and the

results are in accordance with those from other study [40].

The chicks from both farms B and C, which were raised in

similar environment that included the same feed, bedding

Fig. 5. Relative abundance of bacterial genera in intestinal samples from the heavy and light groups. Each column in the heat map

showed duodenum (●), jejunum (○), and cecum (◎), respectively. The intensity of each panel is proportional to the abundance of

each genus.

Fig. 6. Principal coordinate analysis (PCoA1 and PCoA2) in

intestinal samples (small intestine and cecum) from the heavy

and light groups. The letters in the symbols are the unique num-

bers of the samples as described in Table 1.
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materials, handlers and transports, revealed similar microbial

profiles at early ages. The considerably different environmen-

tal conditions between farms B and C resulted from construc-

tion systems (i.e., modern vs. old-fashioned housing systems),

which may have influenced on these differences in the fecal

microbial communities from each farm; however, significant

differences between farms B and C could not be found

Overall, the fecal microbial profiles from three broiler

farms were consistently maintained and shifted only slightly,

and the composition of fecal microbiome from commercial

broiler farms was similar to results reported in previous stud-

ies (e.g., Firmicutes or Proteobacteria predominating, followed

by Bacteroidetes) [37]. The bacterial population increased and

changed over time, consisting of a few types of bacteria,

mostly the coliforms, Lactobacillus, Bifidobacterium, and

Clostridia, which was later replaced by a more complex and

diverse microbiome. Farm A had the highest richness, diver-

sity, and a large number of unique farm-specific OTUs. Lac-

tobacillus, Blautia, and Roseburia species at four days old

and Alistipes and Sutterella at 28 days old were identifiable

to the genus level, and some of them were known to poten-

tially be performance-related phylotypes [33]. Among these

bacteria, Alistipes finegoldii has been known to play a role in

metabolism of N-glycan in a similar way as the intestinal

anaerobic bacteria in the Bacteroidetes phylum does [20].

The fecal microbiome is known to be directly influenced

by the emptying of different intestinal segments, greatly dif-

ferent at various time points [24], and offer a limited repre-

sentation of the gut microflora [30]. Some crucial phylotypes

from fecal samples should not be neglected. In Experiment I,

a notable correlation between the fecal microbiome and body

performance could not be found due to the limited number of

samples. In spite of the limitations, pyrosequencing data of

fecal microbiome established the basis for a potential moni-

toring system to improve feed efficiency and validation of

the presence of performance-related bacteria, which could

lead to the use of farm-specific probiotics.

As shown in Figure 3A, regardless of the farm, Shannon

index and Chao1 gradually increased from four to 28 days in

all three commercial broiler farms, suggesting that the bacte-

rial diversity of each sample became greater as the animals

got older. The microbial profiles of the three commercial

broiler farms were represented using PCoA. PCoA plots cat-

egorized fecal samples according to the farm, and illustrated

the microbial succession from four to 28 days, which were

found in all three farms. The early microbial profiles from

the three broiler farms revealed differences according to farm

environments and geographic location, and the results are in

accordance with those from another study [40].

The microbial colonization from different segments of the

chicken GIT are quite different and it has been implicated

that there is spatial heterogeneity [36]. Because it is difficult

to define typical bacteria profiles for segments of the GIT

and to minimize the individual variations, the intestinal sam-

ples were pooled in Experiment II. Choi et al. [2] investi-

gated similarities in gut microbiome and found that microbial

communities in the upper GIT, such as the crop, gizzard,

duodenum, and jejunum, showed some similarities, although

each had a specific bacterial profile. The microbiome in

cecum and the large intestines were shown to be very differ-

ent, when compared to that in other intestinal segments. 

As seen in a study by Gong et al. [11], cecum showed the

highest bacterial diversity index among the intestinal sec-

tions. This pattern was found only in the heavy groups, and

the diversity indices of the small intestines were higher in

light groups, which suggest that heavy-weight individuals

with abnormal energy input showed significant reduced

diversity in gut microflora. This is also seen in the gut micro-

biome of obese humans [35]. Bacterial richness in intestinal

samples revealed no significant differences between the

heavy and light groups, which means that variability in

microbial communities among individual intestinal samples

have caused insignificant results in this study. 

According to comparisons of microbial populations from

intestinal samples from the heavy and light groups, duodenal

and jejunal metagenomic profiles were premominantly made

up of Firmicutes (comprised of Lactobacillus crispatus, Lac-

tobacillus johnsonii, Lactobacillus taiwanensis, and Lactoba-

cillus salivarius), which in agreements with studies that used

conventional culture methods [23]. In addition, low popula-

tion of Escherichia coli, Enterococcus, Feacalibacterium,

Clostridium, and Bacteroides species were observed in the

small intestine of both the heavy and light groups, involving

utilization of polysaccharides, nutrient absorption, and devel-

opment of the intestinal immune system [17]. In chickens,

ceca are an important part of fermentation, water absorption,

and nutrient transport and absorption, and involved in both

maintaining the host’s health and growth performance [21].

The cecal microbial communities showed relatively higher

proportions of bacterial phylum, such as Bacteroidetes and

Proteobacteria, and a higher abundance of Alistipes, Sutter-

ella, and Bacteroides species compared to those of the small

intestines. The relationship between feed efficiency and gut

microbiome is more pronounced in the proximal intestine at

early ages and in distal parts as chicken ages [8]. Some phy-

lum, such as Firmicutes, Bacteroidetes, and Fusobacteria,

were associated with high feed conversion ratios and have a

positive impact on the energy yield from the feed and body

weight gain [26, 35]. According to previous studies, several

probiotic candidates associated with growth performance

were found, including Lactobacillus cripatus, Lactobacillus

aviaries, Lactobacillus reuteri, and Weissella species, in Fir-

micutes phylum [19, 31, 34].

Most researches, focusing on chicken GIT, emphasize the

importance of cecum as a critical site associated with body

performance and major pathogen reservoirs, when compared

to other intestinal segments [7, 27]. Although several studies

reported an unclear relationship between body performance

and jejunal microbiome [34], this study found substantial dis-

crepancies in the duodenal and jejunal bacterial profiles
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between the light and heavy groups. It is possible that poor

health, which was induced by other factors, caused distur-

bances in gut microbiome of the light groups. Even though it

is uncertain what changes occurred previously, this could

suggest that microbial communities are related and instantly

reflected the health status of the host. Unlike the heavy

group, microbial profiles were constantly maintained from

the duodenum to the cecum in the light groups. This ten-

dency might have occurred because of retrograde movement

of intestinal contents in the chicken GIT, which influence

microbial communities both up and down stream [28].

The bacterial pathogens within fecal or intestinal micro-

biome are an important part of both animal and public health.

In this study, the major zoonotic pathogens, such as Salmo-

nella enteritidis and Campylobacter species, could not be

identified. Clostridium perfringens is a well-known patho-

gen that induces necrotic enteritis in poultry and was detected

at high levels in the gut microbiome of the light groups. For

long time, antibiotic growth promoters have been added to

feed to improve growth efficiency and control bacterial

agents, such as Clostridium perfringens. Effects of feed addi-

tives on the gut microbiome are an increase in Clostridia and

a reduction of Lactobacillus species were reduced [16]. Sim-

ilar patterns for microbial shifts were found in the intestinal

samples of the light groups. It seems that healthy gut micro-

biome from the heavy groups could reduce overgrowth of

Clostridium perfringens, by resisting changes in bacterial

composition [31]. There were no specific pathological lesions

in the intestinal tissues from the light groups. In other words,

although the presence of Clostridium perfringens was found

in light-weight chickens’ microbiomes at detectable levels, it

does not always indicate a diseased state and might have a

negative impact on growth efficiency. 

Exploring the balance and dynamics of the microbial com-

munity is necessary to develop strategies to improve growth

performance and to identify adequate feed additives, which

influence a well-balanced microbiome. Besides understanding

the behaviors of the gut microbiome, it is also important to

understand a normal state of poultry flocks. In future research,

microbiome dynamics and relationship with body perfor-

mance can be determined using meaningful data, which can be

done by increasing sampling numbers and time points. The

accumulation of data about bacterial communities from vari-

ous types of samples allows an understanding of the core

microbiome to improve the growth efficiency of broilers. 
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