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Evaluation of the Intestinal Bacterial Community of Local Omani and Cobb 500
Broiler Chickens Raised in an Open-Sided House Using 165 rDNA-Based Analysis
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ABSTRACT. Little is known about how the intestinal bacterial microbiota differs among different strains of chickens
raised in an open sided house, predominantly those with lower growth rates, such as Indigenous chickens. Ninety-one-
day-old chicks of each strain of chickens were raised in an open-sided house system and fed a conventional corn-soy-
bean meal diet from Day 0-35 days of age. The objective of this study was to assess the relative abundance of bacteria
microbiota identified in the intestinal tract of local Omani and Cobb 500 broiler chickens raised in an open-sided house
system using 16S rDNA-based analysis. The results obtained showed the diversity of bacterial populations in different
intestinal regions of two chicken strains. Bacilli were found in higher numbers and reached 98.8% of the bacteria in the
duodenum on Day 5 in Cobb 500 versus 72.5% in the Omani chickens. Local Omani chickens had significantly higher
numbers of Clostridia at an early age period. On Day 5 Clostridia comprised 13.1% of the bacteria in the duodenum of
local Omani chickens, versus only 0.062% in the Cobb 500. The relative abundance of the bacterial microbiota differed
significantly (p <0.05) across different intestinal segments of the two strains of chickens, suggesting that each region
generated its bacterial community with different relative abundances.
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Introduction
Local chicken production has contributed signifi-

cantly as sources of protein, food security and

source of income in communities with limited re-
sources (Al-Jumaili et al., 2020). Local chicken produc-
tion is among the farming activities in the rural com-
munities of Oman that provides opportunities for food
security and income for many rural families (MAF, 2013).
The Cobb 500 broiler chickens are the world’s foremost
broiler breed, adapting well to warmer weathers; has the
best growth rate and an ability to thrive on low density
and less costly diets (Dessie et al., 2017). However, Cobb
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500 broiler chickens has become very popular in Oman
where feed costs are inflated saving poultry farmers a
fortune. An improvement in local chicken productivity
would be highly valuable in the enhancement of the so-
cioeconomic and nutritional status of farmers. Several
studies have shown the beneficial effect of the microbial
community in the gastrointestinal tract of the host and
their important contributions in many roles such as in
nutrient absorption, feed digestion, and immune system
(Gong et al,, 2002).

Chickens’ gastrointestinal (GI) tracts are home to a
rich and complex microbiota that aids in digestion and
nutrition absorption, as well as immune system devel-
opment and pathogen exclusion (Shang et al., 2018). The
symbiotic relationship between the host and the micro-
biota is critical for the health and production of chickens.
The age of the chickens and their position in the diges-
tive tract have a big impact on the diversity of their gut
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microbiota. Normal gut morphology and integrity are
important in the maintenance of intestinal microbial ho-
meostasis in the prevention of infection and promoting
digestion and absorption of nutrients (Jimoh etal., 2017).

Evaluation of the microbial diversity and intestinal
development of different strains of chickens has become
widely recognized (Glendinning et al., 2019; Richards-Ri-
os et al,, 2020). However, there is a limited information
about the effect of house type on the composition and
succession of intestinal microbial communities in birds
raised in open-sided housing systems. The majority of
small and medium scale farmers in Middle East coun-
tries, such as Oman uses an open-sided housing system
to grow their chickens. A greater understanding of the
chicken gut function and microbiology can provide an
opportunity for the improvement of chicken’s health and
production especially those with various growth rates,
such as the local Omani chickens.

The use of modern high-throughput sequencing ap-
proaches, that involve analyzing the structure of bac-
terial communities by determining the characteristic
features of the microbial DNA extracted from the com-
munity samples, are a powerful tool that has led to im-
portant new insights into the biological and ecological
roles of the GI Microbiota (Shang et al., 2018; McLaren
et al., 2019). The objective of this study was to assess the
relative abundance of bacteria microbiota identified in
the intestinal tract of local Omani and Cobb 500 broil-
er chickens raised in an open-sided house system from
0 to 35 days of age using 16S rDNA-based analysis.

Materials and Methods

Ethical Approval

All experimental work was conducted at the Poultry
Research Unit at the Agricultural Experiment Station
in accordance with the experimental unit policy on ani-
mal welfare and the requirements of the procedures in-
volving animals/birds and their care were conducted in
conformity with international laws and policies at Sultan
Qaboos University.

Birds Housing, Diets and Sample Collection

One hundred and fifty 1-day-old chicks of two strains
of chickens: local Omani and Cobb 500 broiler chicken
were obtained from commercial hatcheries at Barka. On
arrival, all chicks were scrutinized to ensure that they
were free of abnormalities and early signs of sickness.
Before the trial, open-sided house unit, cages, feeders,
and drinkers were disinfected through fumigation. In
addition, strict hygiene and biosecurity measurements
were implemented. The open-sided house was built from
a galvanized iron shed with profiled steel shed roofing
which was naturally ventilated. Chicken mesh panels
were put on all sides, along with one-meter-high block
work protection. To assist circulate the air, four sets of
electric wall fans were used. Shade cloth were used to
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screen direct sunrays during midday. There were 15 rep-
licates for each strain of chicken with each replicate cage
containing six birds (a total of 90 birds/strain). Birds per
replicate combinations were randomly allocated. Chicks
of both strains were fed a nonmedicated convention-
al corn-soybean meal diet from Day 0-35 days of age.
The composition of experimental diet is as described by
Al-Marzooqi et al. (2019). Feed was available ad libitum.
The house temperature maintained at 33 °C on day 1 and
reduced by 3 °C each week to reach a constant 22 °C. The
lighting program was 23L: 1D.

At 5,15, 25, and 35 days of age, one bird per cage for
each strain of chicken was randomly selected. Birds with
the body weight closest to the average from each cage
were selected, marked, and kept in their cage until being
euthanized. Then, the selected bird was injected with a
mixed dose of ketamine 10% and xylazine 20% intramus-
cularly to put the bird into a deep sedation and anaesthe-
sia. After dissection, intestinal tracts were removed from
the carcasses immediately and luminal contents of the
duodenum, jejunum, ileum and cecum were aseptically
collected into a labeled sterile 15-mL tube. The entire
process of collecting intestinal contents was performed
on a thoroughly cleaned workbench and required less
than 30 min. Samples were placed on ice and immedi-
ately transported to the laboratory and stored in —-80 °C
freezer until analysis.

DNA Extraction, 16S rDNA Gene Amplicon
Production and High-Throughput Sequencing

Total DNA was extracted from contents of each luminal
content samples (duodenum, jejunum, ileum, and ce-
cum) using a QIAamp DNA Stool Mini Kit (QIAGEN,
CA, Hamburg, Germany) according to the manufactur-
er’s instructions. The DNA concentration was evaluat-
ed by measuring optical density using Nano-Drop 2000
(Thermo Electron Corporation, Waltham, MA, USA)
at a wavelength of 260 and 280 nm. The integrity of the
DNA extracts was assessed visually using 1.0% agarose
gel (containing ethidium bromide) electerophoresis.

The variable regions V3-V4 of the 16S rDNA gene
were amplified and sequenced. The PCRs were per-
formed in triplicate in a total volume of 20 pL contain-
ing 5 uM of each primer, 10 ng of DNA template, 4 pL
1x FastPfu buffer, 2.5 mM dNTPs, and 0.4 pL of FastPfu
polymerase (TransGen Biotech, Beijing, China). PCR
conditions were as follows: Initial denaturation at 95 °C
for 2 min; followed by 25 cycles of denaturation 94 °C
for 30 s, annealing at 55 °C for 30 s, and extension at 72
°C for 30 s and then, a final extension at 72 °C for 5 min.
PCR products were separated on 2% agarose gels, and
purified using the DNA gel extraction kit (Axygen Sci-
entific Inc., Union City, CA, USA). Amplicons produced
form different intestinal luminal content samples were
sent to a commercial company (BGI Genomic Lab, Tai
Po Industrial Zone, New Territories, Hong Kong, China)
for sequencing on the Illumina MiSequencing platform.



Sequencing Analysis

All the raw sequences obtained from Illumina Miseq
were firstly filtered for quality control to get operation-
al sequences. The quality control and analysis of the
sequences were performed using the software Quanti-
tative Insights into Microbial Ecology (QIIME, v1.8.0)
(Caporaso et al., 2010). The paired-end reads from the
DNA fragments were merged using FLASH (Magoc
and Salzberg, 2011). Sequences data was treated by
read trimming and identification of V3-V4 sequences
and set of sequences with >97% identity were defined
as an operational taxonomic unit (OTU). The UCLUST
(Edgar, 2010), clustering method was used to cluster
operational taxonomic units. The defined OTUs were
assigned to different taxonomic levels (phylum, class,
genus and families) at a cutoff of 97%. The clustered
OTUs were also used to construct the rarefaction curves
and calculate the Shannon and Simpson diversity indi-
ces, abundance-based coverage estimators (ACE), Chao
1 richness, and coverage percentage by Good’s method.

Bioinformatics and Statistical Analysis

Bioinformatics and statistical analyses were performed
using the QIIME and R package (v3.1.1). The alpha-di-
versity indices (Chaol, ACE, Shannon diversity index,
and Simpson index) were calculated to establish the
relative abundance and diversity of the sequences. Beta
diversity was determined using unweighted Unifrac
distance metrics to evaluate the structure and distribu-
tion of the microbial genetic communities among the
samples. Differences in the Unifrac distances for pair-
wise comparisons among groups were calculated us-
ing Student’s t-test and the Monte Carlo permutation
test with 1000 permutations. Metastats and R package
(v3.1.1) (James et al., 2009) were used to compare and
determine which taxonomic groups were significantly
different between groups of samples based on intestinal
segments and age period. The differences were consid-
ered to be significant at p < 0.05. The obtained p-value
was adjusted by a Benjamini-Hochberg false discovery
rate correction (Function ‘p.adjust’ in the stats package
of R (v3.1.1)).

Results

Bacterial Taxonomic Composition of Duodenum

Bacteria were classified according to their respective
Phylum and Class, found in the duodenum of broiler
chickens at different age periods, are presented in Ta-
ble 1. Seventeen bacterial florae at the class level were
detected in the duodenum. Of the 30248 detected se-
quences, the most abundant Class was Bacilli, at 93.4 %
of the total sequences. Clostridia accounted for 2.9 %
out of the total detected sequences. Actinobacteria and
Proteobacteria sequences represent 1.01 % and 0.694
%, respectively of the total sequences. Across different
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age periods Bacilli were considered the dominant group
with 98.9 % at Day 5, 94.6 % at Day 15, 89.9 % at Day 25
and 88.7 % at Day 35 of sequences. Clostridia sequences
fluctuated from 0.062 % at Day 5, 1.78 % at Day 15, 4.61%
at Day 25, and 6.00 % at Day 35. Chloroplast were detect-
ed at very small percentage across all age periods except
at Day 25 of age was detected at 3.39 %. Both Actinobac-
teria and Proteobacteria group-related sequences were
detected at smaller percentage across all age periods.

Bacterial Taxonomic Composition of the Jejunum

Bacteria were classified according to their respective
Phylum and Class, found in the jejunum of broiler chick-
ens at different ages are presented in Table 2. Seventeen
bacterial florae at the Class level were detected in the
jejunum. Of the 28678 reads, Bacilli were the most abun-
dant, at 79.6 % of the total sequences. Clostridia account-
ed for 7.61% of the total sequences. Actinobacteria and
Proteobacteria sequences represented 4.46 % and 4.44%,
respectively of the total sequences. Across different age
periods Bacilli were the dominant group, representing
86.4 % at Day 5, 93.3 % at Day 15, 91.5 % at Day 25 and
40.1 % at Day 35 of sequences. Clostridia sequences var-
ied from Day 5: 4.20%, Day 15: 4.33%, Day 25: 0.859%
and Day 35: 23.60%. Actinobacteria sequences were Day
5: 2.33%, Day 15: 0.318%, Day 25: 0.109%, and Day 35:
17.4%, while sequences related to Gammaproteobacteria
were Day 5: 0.015%, Day 15: 0.625%, Day 25: 4.94%, and
Day 35: 12.0%.

Bacterial Taxonomic Composition of the lleum

Bacteria were classified according to their respective
Phylum and Class, found in the ileum of broiler chick-
ens at different ages are presented in Table 3. Seventeen
bacterial florae at the Class level were detected in the ile-
um. Of the 31007 reads, Bacilli were the most abundant,
at 96.1 % of the total sequences. Only few of Clostridia
(0.239%) related to the total sequences were detected.
Actinobacteria and Proteobacteria represented a very
small percentage of 0.893% and 0.232%, respectively, of
the total sequences. Across different age periods Bacilli
were the dominant group, representing 91.1 % at Day 5,
99.0 % at Day 15, 99.6 % at Day 25 and 95.2 % at Day 35 of
sequences. Clostridia sequences fluctuated from 0.565%
at Day 5, 0.140% at Day 15, 0.107% at Day 25, and 0.050%
at Day 35. Proteobacteria group-related sequences were
detected at smaller percentages across all age periods.

Bacterial Taxonomic Composition of the Cecum

Bacteria were classified according to their respective
Phylum and Class, found in the cecum of broiler chick-
ens at different ages are presented in Table 4. Seventeen
bacterial florae at the Class level were detected in the
cecum. Of the 28035 reads, Clostridia were the most
abundant, at 63.4 % of the total sequences. Bacilli were
detected at 13.1% of the total sequences. Actinobacte-
ria and Proteobacteria sequences represented 6.01% and
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Table 1. Abundance of bacterial 16S rDNA sequences (n=30248) identified from the duodenum flora of 500 Cobb broiler chicken.

Phylum

Actinobacteria

Bacteroidetes

Cyanobacteria

Firmicutes

Proteobacteria

Tenericutes

Thermi

Total

Class

Actinobacteria
Coriobacteriia
Thermoleophilia

Bacteroidia
4C0d-2
Chloroplast
Bacilli
Clostridia
Erysipelotrichi

Alphaproteobacteria
Betaproteobacteria
Deltaproteobacteria
Epsilonproteobacteria

Gammaproteobacteria

Mollicutes
Deinococci
Other

Abundance of Sequence (No. of Sequence [%]) at Day:

Day 5

43 (0.531)
0(0)
0(0)

0 (0)
0(0)
34.(0.420)
8005 (98.9)
5 (0.062)
0 (0)

5 (0.062)
1(0.012)
0(0)
3(0.037)
0 (0)

0 (0)
1(0.012)
0 (0)
8097

Day 15

191 (2.32)
3(0.036)
0(0)

0 (0)
0(0)
20 (0.243)
7777 (94.6)
146 (1.78)
2(0.024)
36 (0.438)
27 (0.328)
0(0)
11 (0.134)
5 (0.061)
3(0.036)
3(0.036)
0 (0)
8224

Note: Values in the parentheses are abundance of Sequence (No. of Sequence [%]) at Day

1.75%, respectively of the total sequences. Across differ-
ent age periods Clostridia were the dominant group, rep-
resenting 40.8% at Day 5, 73.5% at Day 15, 75.0% at Day

25 to 62.6% at Day 35 of the sequences. Bacilli sequences
fluctuated from 16.3% at Day 5, 21.0% at Day 15, 11.8% at
Day 25, and 2.32% at Day 35. Actinobacteria sequences

Day 25

46 (0.531)
0(0)
0(0)
0(0)

2(0.023)

293 (3.39)

7785 (89.9)

399 (4.61)
0(0)

25 (0.289)

6 (0.069)
0(0)

84.(0.970)

6 (0.069)
0 (0)

11 (0.127)
0(0)
8657

Day 35

0 (0)
15 (0.285)
0(0)

8 (0.152)
175 (3.32)
0(0)
4675 (88.7)
316 (6.00)
42 (0.797)
0(0)
0(0)
1(0.019)
0(0)

0 (0)
32 (0.607)
0(0)
6(0.114)
5270

were Day 5: 22.0%, Day 15: 0.809%, Day 25: 1.18%, and
Day 35: 0.0%. Proteobacteria group-related sequences
were detected at smaller percentages across age periods.

Table 2. Abundance of bacterial 16S rDNA sequences (n=28678) identified from the jejunum flora of Cob 500 broiler chickens.

Phylum

Actinobacteria

Bacteroidetes

Cyanobacteria

Firmicutes

Proteobacteria

Tenericutes

Thermi

Total

Class

Actinobacteria
Coriobacteriia
Thermoleophilia

Bacteroidia
4C0d-2
Chloroplast
Bacilli
Clostridia
Erysipelotrichi

Alphaproteobacteria
Betaproteobacteria
Deltaproteobacteria
Epsilonproteobacteria

Gammaproteobacteria

Mollicutes
Deinococci
Other

Abundance of Sequence (No. of Sequence [%]) at Day:

Day 5

154 (2.33)
0(0)
0(0)
0(0)
0(0)

427 (6.45)

5718 (86.4)

278 (4.20)
0(0)

38 (0.574)

5 (0.076)
0(0)
0(0)

1(0.015)
0(0)
0(0)
0(0)
8584

Day 15

27 (0.318)
0(0)
0(0)

0(0)
0 (0)

64 (0.755)

7906 (93.3)

367 (4.33)

13 (0.153)

38 (0.448)

10 (0.118)
0(0)
0(0)

53 (0.625)
0(0)

0 (0)
0 (0)
7872

Note: Values in the parentheses are abundance of Sequence (No. of Sequence [%]) at Day
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Day 25

8 (0.109)
0(0)
0(0)
0(0)
0(0)

175 (2.39)

6705 (91.5)

63 (0.859)

1 (0.014)

16 (0.218)
0(0)
0(0)
0(0)

362 (4.94)
0(0)
0(0)
0(0)
7582

Day 35

1090 (17.4)

0(0)
0(0)
0(0)

0 (0)

0 (0)
2504 (40.1)
1475 (23.6)
429 (6.87)
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Table 3. Abundance of bacterial 16S rDNA sequences (n=31007) identified from the ileum flora of Cobb 500 broiler chicken.

Abundance of Sequence (No. of Sequence [%]) at Day:

Phylum Class Day 5 Day 15 Day 25 Day 35
Actinobacteria Actinobacteria 220 (2.44) 56 (0.655) 1(0.013) 0(0)
Coriobacteriia 0 (0) 0 (0) 0(0) 87 (1.46)
Bacteroidetes Thermoleophilia 0(0) 0(0) 0(0) 0(0)
Bacteroidia 3(0.033) 2 (0.023) 0(0) 40 (0.673)
Cyanobacteria 4C0d-2 0 (0) 0 (0) 0 (0) 7 (0.118)
Chloroplast 466 (5.16) 7 (0.082) 17 (0.227) 0(0)
Firmicutes Bacilli 8222 (91.1) 8458 (99.0) 7467 (99.6) 5659 (95.2)
Clostridia 51 (0.565) 12 (0.140) 8(0.107) 3 (0.050)
Erysipelotrichi 1(0.011) 0(0) 0(0) 137 (2.30)
Proteobacteria Alphaproteobacteria 55 (0.610) 5 (0.059) 1(0.013) 0(0)
Betaproteobacteria 4.(0.044) 3(0.035) 0(0) 0(0)
Deltaproteobacteria 0(0) 0(0) 0 (0) 0 (0)
Epsilonproteobacteria 0(0) 0(0) 0(0) 0(0)
Gammaproteobacteria 1(0.011) 1 (0.012) 0(0) 2 (0.034)
Tenericutes Mollicutes 0(0) 0(0) 0(0) 11 (0.185)
Thermi Deinococci 0(0) 0(0) 0(0) 0(0)
Other 0(0) 0(0) 0(0) 0(0)
Total 9023 8544 7494 5946

Note: Values in the parentheses are abundance of Sequence (No. of Sequence [%]) at Day

Differences of Bacterial Communities among
Samples from Different Intestinal Segments

The p-value distribution of 16S rDNA gene sequence li-
braries used to compare the quantitative differences of
microbial communities among samples from different
intestinal segments of broiler chickens are presented in

Table 5. Statistical comparisons of the libraries showed
that the composition of the Duodenum-Jejunum, Duo-
denum-Ileum, Cecum-Duodenum, Cecum-Ileum Ce-
cum-Jejunum bacterial microbiota differed significantly
(p < 0.05), implying that each region established its own
bacterial community. The number of Actinobacteria,
Alphaproteobacteria, Bacilli, Bacteroidia, Betaproteo-

Table 4. Abundance of bacterial 16S rDNA sequences (n=28035) identified from the cecum flora of Cobb 500 broiler chicken.

Abundance of Sequence (No. of Sequence [%]) at Day:

Phylum Class Day 5 Day 15 Day 25 Day 35
Actinobacteria Actinobacteria 1535 (22.0) 57 (0.809) 93 (1.18) 0(0)
Coriobacteriia 25 (0.359) 21 (0.298) 0 (0) 114 (1.85)
Thermoleophilia 1(0.014) 2 (0.028) 0 (0) 0 (0)
Bacteroidetes Bacteroidia 35 (0.502) 32 (0.454) 2 (0.025) 2010 (32.65)
Cyanobacteria 4C0d-2 12 (0.172) 13 (0.185) 0 (0) 27 (0.439)
Chloroplast 1103 (15.8) 92 (1.31) 855 (10.9) 0(0)
Firmicutes Bacilli 1134 (16.3) 1480 (21.0) 925 (11.8) 143 (2.32)
Clostridia 2839 (40.8) 5177 (73.5) 5902 (75.0) 3851 (62.6)
Erysipelotrichi 24.(0.344) 24.(0.341) 2(0.025) 6 (0.097)
Proteobacteria Alphaproteobacteria 165 (2.37) 63 (0.895) 83 (1.05) 0(0)
Betaproteobacteria 78 (1.12) 58 (0.824) 5 (0.064) 0(0)
Deltaproteobacteria 0(0) 1(0.014) 0(0) 5(0.081)
Epsilonproteobacteria 0(0) 0(0) 0 (0) 0 (0)
Gammaproteobacteria 11 (0.158) 22 (0.312) 1(0.013) 0(0)
Tenericutes Mollicutes 0(0) 1(0.014) 0(0) 1(0.016)
Thermi Deinococci 5(0.072) 0(0) 0 (0) 0 (0)
Other 0(0) 0 (0) 0 (0) 0 (0)
Total 6967 7043 7868 6157

Note: Values in the parentheses are abundance of Sequence (No. of Sequence [%]) at Day
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Table 5. P-value distribution of 16S rDNA gene sequence libraries compared the abundance differences of microbial commu-
nities among samples from different segments for cobb 500 broiler chicken.

P-Value
. Cae-
Class Duo‘ denum- Duode- Jejunum- cum-Duo- Caf:cum- Caecum-
Jejunum num-Ileum Ileum Jejunum Ileum
denum
4C0d-2 0.270 0.581 0.447 0.507 0.415 0.463
Actinobacteria 0.921 0.797 0.682 0.029 0.015 0.052
Alphaproteobacteria 0.575 0.724 0.745 0.303 0.025 0.108
Bacilli 0.901 0.673 0.630 0.000 0.000 0.000
Bacteroidia 0.026 0.051 1.000 0.011 0.007 0.029
Betaproteobacteria 0.191 0.153 0.879 0.018 0.042 0.005
Chloroplast 0.327 0.203 0.737 0.218 0.142 0.083
Clostridia 0.512 0.826 0.543 0.002 0.002 0.002
Coriobacteriia 0.828 0.542 0.514 0.058 0.071 0.070
Deltaproteobacteria 0.501 0.778 0.322 0.192 0.183 0.285
Epsilonproteobacteria 0.479 0.289 0.684 0.270 0.600 0.766
Erysipelotrichi 0.726 0.108 0.603 0.003 0.004 0.003
Flavobacteriia 0.233 0.236 0.501
Gammaproteobacteria 0.699 0.427 0.405 0.069 0.096 0.362
Lentisphaeria 0.096 0.107 0.098
Mollicutes 0.124 0.124 0.146
Sphingobacteriia 0.328 0.614 1 0.403 1
Verrucomicrobiae 0.483 0.485 0.074 0.103 0.117

bacteria, Clostridia and Erysipelotrichia differed sig- duodenum, jejunum, and ileum libraries, whereas Clos-
nificantly across different intestinal segments (p < 0.05). tridia were the dominant 16S rDNA sequences in the
Bacilli were the dominant 16S rDNA sequences in the cecum libraries.

Table 6. P-value distribution of 16S rDNA gene sequence libraries compared the abundance differences of microbial commu-
nities among sample from different ages period for Cobb 500 broiler chickens.

P-Value
Class Day5-Day  Day 5-Day sy = Ty Day 15-Day  Day 15- Day 25-
15 25 25 Day35 Day 35

4C0d-2 0.247 0.198 0.226 0.199 0.191
Actinobacteria 0.005 0.046 0.004 0.016 0.748 0.012
Alphaproteobacteria 0.054 0.235 0.036 0.112 0.178 0.304
Bacilli 0.678 0.924 0.914 0.669 0.695 0.913
Bacteroidia 0.299 0.317 0.344 0.750 0.738 0.678
Betaproteobacteria 0.165 0.158 0.051 0.614 0.532 0.922
Chloroplast 0.027 0.746 0.283 0.031 0.147 0.464
Clostridia 0.871 0.875 0.854 0.848 0.806 0.856
Coriobacteriia 0.130 0.226 0.290 0.733 0.659 0.556
Deltaproteobacteria 1 0.288 0.171 0.342 0.248 0.660
Epsilonproteobacteria 0.035 0.069 0.043 0.080 0.193
Erysipelotrichi 0.592 0.758 0.511 0.652 0.907 0.648
Flavobacteriia 0.501 0.501 0.501
Gammaproteobacteria 0.123 0.621 0.111 0.556 0.217 0.332
Lentisphaeria 0.497 0.249 0.475 0.228 1
Mollicutes 0.342 0.347 0.676 0.369 0.347
Sphingobacteriia 0.342 0.499 0.361 0.561 1.000
Verrucomicrobiae 0.347 0.299 0.361 0.337 0.760
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Figure 3. Percentage of relative abundance of bacterial community of Cobb 500 broiler chickens determined from different
intestinal segments at different age periods from 16S rDNA libraries.

Differences of Microbial Communities among
Samples

The p-value distribution of 16S rDNA gene sequence li-
braries comparing the quantitative differences of micro-
bial communities among samples from broiler chickens
at different age groups are presented in Table 6. Statisti-
cal comparisons of the libraries revealed that there were
no significant differences (p > 0.05) between the micro-
bial compositions at different age groups: Day 5-15, Day
5-25, Day 5-35, Day 15-25, Day 15-35, and Day 25-35.
The results of the statistical evaluation at certain age
groups revealed that the percentage of bacterial micro-
biota of Actinobacteria, Alphaproteobacteria, Chloro-
plast and Epsilonproteobacteria varied significantly (p<
0.05). The average percentage of Actinobacteria detected

at Day 5 (6.83%) of age was significantly higher (p < 0.05)
than at Day 15 (1.03%), at Day 25 (0.458%) and at Day
35 (4.35%) of age. The average percentage of Alphapro-
teobacteria was detected at significantly higher level (p
< 0.05) at Day 35 (0.904%) of age than at Day 5 (0.458%)
of age. The average percentage of Chloroplast detected
at Day 15 (0.598%) was significantly lower (p< 0.05) than
at Day 25 (4.23%) of age. The average percentage of Ep-
silonproteobacteria at Day 25 (0.243%) was significant-
ly higher (p < 0.05) from those of the other age groups.

Taxonomic Composition Distribution of the
Bacterial Community in Intestinal Segments

Percentage of relative abundance of bacterial commu-
nity of Cobb 500 broiler chickens determined from dif-
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Table 7. Abundance of bacterial 16S rDNA sequences (n=33443) identified from the duodenum flora of local Omani chickens.

Phylum

Actinobacteria

Bacteroidetes

Cyanobacteria

Firmicutes

Lentisphaerae

Proteobacteria

Tenericutes
Thermi

Total

Class

Actinobacteria
Coriobacteriia
Bacteroidia
Flavobacteriia
Sphingobacteriia
4C0d-2
Chloroplast
Bacilli

Clostridia
Erysipelotrichi

Lentisphaeria

Alphaproteobacteria
Betaproteobacteria
Deltaproteobacteria
Epsilonproteobacteria

Gammaproteobacteria

Mollicutes

Verrucomicrobiae

Abundance of Sequence (No. of Sequence [%]) at Day:

Day 5

213 (2.55)
6 (0.072)
2(0.024)
0 (0)
4(0.048)
0 (0)
502 (6.00)
6065(72.5)
1096 (13.1)
6 (0.072)
0(0)
419 (5.01)
39 (0.466)
1(0.012)
0(0)
9 (0.108)
0 (0)
0 (0)
8362

Day 15

0)
0)
0)
0)
0)
0 (0)
3(0.037)
8023 (97.7)
150 (1.83)
10 (0.122)
0(0)
4(0.049)
2(0.024)
0(0)
0(0)

8 (0.097)
15 (0.183)
0 (0)
8215

S O © © ©
_ = =~ =~ =

Note: Values in the parentheses are abundance of Sequence (No. of Sequence [%]) at Day

ferent intestinal segments at different age periods from
16S rDNA libraries are presented in Figure 1. From Fig-
ure 1, it can be seen that the diversity of the bacterial

Day 25

21 (0.235)
2(0.022)
2 (0.022)
0(0)
0(0)
2(0.022)
23 (0.257)
8667 (97.0)
121 (1.35)
2(0.022)
0 (0)
11 (0.123)
11 (0.123)
1(0.011)
71 (0.795)
1(0.011)
0(0)
0 (0)
8935

Day 35

144 (1.82)
0(0)
3(0.038)
0(0)
0(0)

5 (0.063)
50 (0.630)
7618 (96.1)
29 (0.366)
1(0.013)
0 (0)
15 (0.189)
12 (0.151)
0(0)
15 (0.189)
0(0)
39 (0.492)
0 (0)
7931

community in the intestinal segments of broiler chick-
ens changed from one age period to the next. Species
that exhibited an abundance less than 0.5% in all sam-

Table 8. Abundance of bacterial 16S rDNA sequences (n=31255) identified from the jejunum flora of local Omani chickens.

Phylum

Actinobacteria

Bacteroidetes

Cyanobacteria

Firmicutes

Lentisphaerae

Proteobacteria

Tenericutes
Thermi
Total

Class

Actinobacteria
Coriobacteriia
Bacteroidia
Flavobacteriia
Sphingobacteriia
4C0d-2
Chloroplast
Bacilli

Clostridia
Erysipelotrichi

Lentisphaeria

Alphaproteobacteria
Betaproteobacteria
Deltaproteobacteria
Epsilonproteobacteria

Gammaproteobacteria

Mollicutes

Verrucomicrobiae

Abundance of Sequence (No. of Sequence [%]) at Day:

Day 5

200 (2.33)
4(0.047)
1(0.012)
2(0.023)
0(0)
0(0)
1578 (18.4)
6484 (75.5)
215 (2.50)
3(0.035)
0 (0)

92 (1.07)
4(0.047)
0 (0)
0(0)
1(0.012)
0(0)
0(0)
8584

Day 15

2 (0.025)
0(0)
0(0)
0(0)

0 (0)
0(0)
18 (0.229)
7616 (96.8)
225 (2.86)
9 (0.114)
0 (0)
1(0.013)
0
0 (0)

0 (0)
1(0.013)
0(0)

0 (0)
7872

Note: Values in the parentheses are abundance of Sequence (No. of Sequence [%]) at Day
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Day 25

49 (0.646)
1(0.013)
0(0)
0(0)
0(0)
0(0)
268 (3.53)
7092 (93.5)
101 (1.33)
0(0)

0 (0)
29(0.382)
11 (0.145)
0 (0)
23 (0.303)
8 (0.106)
0 (0)
0(0)
7582

Day 35

109 (1.51)
1(0.014)
0(0)
0(0)

0 (0)
1(0.014)
178 (2.47)
6889 (95.5)
10 (0.139)
0(0)

0 (0)
25 (0.346)
3 (0.042)
0 (0)

0 (0)

0 (0)
0(0)
1(0.014)
7217
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Table 9. Abundance of bacterial 16S rDNA sequences (n=31337) identified from the ileum flora of local Omani chicken.

Phylum

Actinobacteria

Bacteroidetes

Cyanobacteria

Firmicutes

Lentisphaerae

Proteobacteria

Tenericutes
Thermi

Total

Class

Actinobacteria
Coriobacteriia
Bacteroidia
Flavobacteriia
Sphingobacteriia
4C0d-2
Chloroplast
Bacilli

Clostridia
Erysipelotrichi

Lentisphaeria

Alphaproteobacteria
Betaproteobacteria
Deltaproteobacteria
Epsilonproteobacteria

Gammaproteobacteria

Mollicutes

Verrucomicrobiae

Abundance of Sequence (No. of Sequence [%]) at Day:

Day 5

116 (1.29)
1(0.011)
1(0.011)

0 (0)

0(0)

0 (0)
2170 (24.1)
6531 (72.5)
26 (0.289)

3(0.033)
0(0)
144 (1.60)
9 (0.100)
0(0)
0(0)
2(0.022)

0 (0)

0 (0)

9003

Day 15

2 (0.026)
0(0)
0
0
0
0
192 (2.49)
6814 (87.0)
471 (6.01)
1(0.013)
0(0)
3(0.038)
2 (0.026)
0(0)
0(0)
349 (4.45)
0 (0)
0 (0)
7834

0(0)
0(0)
0(0)
0(0)

Note: Values in the parentheses are abundance of Sequence (No. of Sequence [%]) at Day

ples were classified into “others” The intestinal segments
of duodenum, jejunum, and ileum had a higher relative
abundance of Bacilli, and as the birds aged, the percent-

Day 25

12 (0.155)

16 (0.206)
7674 (98.9)
57 (0.734)
0(0)
0(0)

0 (0)
1(0.013)
0(0)

3 (0.039)
0(0)
0(0)
0(0)
7763

Day 35

147 (1.72)
2(0.023)
1(0.012)
0(0)
1(0.012)
33 (0.387)
768 (9.00)
7090 (83.1)
398 (4.66)
2(0.023)
0 (0)
70 (0.820)
7 (0.082)
4(0.047)
9 (0.105)
5 (0.059)
0 (0)
0 (0)
8537

Table 10. Abundance of bacterial 16S rDNA sequences (n=31337) identified from the ileum flora of local Omani chicken.

Phylum

Actinobacteria

Bacteroidetes

Cyanobacteria

Firmicutes

Lentisphaerae

Proteobacteria

Tenericutes
Thermi
Total

Class

Actinobacteria
Coriobacteriia
Bacteroidia
Flavobacteriia
Sphingobacteriia
4C0d-2
Chloroplast
Bacilli

Clostridia
Erysipelotrichi

Lentisphaeria

Alphaproteobacteria
Betaproteobacteria
Deltaproteobacteria
Epsilonproteobacteria

Gammaproteobacteria

Mollicutes

Verrucomicrobiae

Abundance of Sequence (No. of Sequence [%]) at Day:

657 (9.33)
5417 (76.9)
222 (3.15)

745 (10.58)
0(0)
0(0)
7041

Day 15

0(0)

31 (0.397)
1320 (16.9)
0(0)

0 (0)
0(0)
0(0)

29 (0.371)
6361(81.5)
45 (0.576)

0 (0)
0(0)
0(0)
0 (0)
0 (0)

(
22 (0.282)

0(0)
0(0)
7808

Note: Values in the parentheses are abundance of Sequence (No. of Sequence [%]) at Day

Day 25

0(0)
21 (0.336)
695 (11.1)

0(0)

0(0)

0(0)

0(0)
17 (0.272)
4953 (79.2)
143 (2.29)

1(0.016)

0(0)

0(0)
31 (0.496)
7(0.112)
354 (5.66)

0 (0)
30 (0.480)

6252

Day 35

0(0)
98 (1.36)
2187 (30.4)

0(0)

0 (0)
119 (1.65)
0 (0)
471 (6.54)
4191 (58.2)
57 (0.792)
2(0.028)
0(0)
0(0)
11 (0.153)
0 (0)
2(0.028)
0(0)
60 (0.834)
7198

—_ o~ =~

—

age of Bacilli decreased, whereas the cecum had a higher
relative abundance of Clostridia and as the birds aged,
the percentage of Clostridia increased.
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Table 11. P-value distribution of 16S rDNA gene sequence libraries compared the abundance differences of microbial commu-
nities among samples from different segments for cobb 500 broiler chicken.

Duodenum- Duode-
Class .
Jejunum num-Ileum

4C0d-2 0.881 0.514
Actinobacteria 0.374 0.352
Alphaproteobacteria 0.467 0.885
Bacilli 0.485 0.900
Bacteroidia 0.831 0.390
Betaproteobacteria 0.918 0.048
Chloroplast 0.037 0.068
Clostridia 0.753 0.820
Coriobacteriia 0.863 0.283
Deinococci 0.564 0.646
Deltaproteobacteria 1 1
Epsilonproteobacteria 0.497 0.556
Erysipelotrichi 0.681 0.080
Gammaproteobacteria 0.228 0.606
Mollicutes 0.194 0.094
Thermoleophilia 1 0.500
Unclassified

Bacterial Taxonomic Composition of the Du-
odenum of Local Omani Chickens across Age
Periods

Bacteria classified according to their respective Phylum
and Class, found in the duodenum of local Omani chick-
ens at different ages are presented in Table 7. Eighteen
bacterial microbiota at the Class level were found in du-
odenum. Of the 33443 reads, Bacilli were the most abun-
dant, at 90.8% of the total sequences, while sequences
related to Clostridia accounted for 4.17% of the total se-
quences. Actinobacteria and Chloroplast represented a
very small percentage of 1.13% and 1.72%, respectively
of the total sequences. Across different age periods Ba-
cilli were the dominant group, representing 72.5 % at
Day 5, 97.7 % at Day 15 and 97.0 % at Day 25 and 96.1
% at Day 35 of the sequences. Clostridia sequences fluc-
tuated from 13.1% at Day 5, 1.83% at Day 15, 1.35% at
Day 25 and 0.366% at Day 35. Both Actinobacteria and
Bacteroidia - related sequences were Day 5: 2.55%, Day
15: 0.0%, Day 25: 0.235% and Day 35: 1.82% and Day 5:
0.024%, Day 15:0.0%, Day 25: 0.022%, and Day 35: 0.038%,
respectively. Proteobacteria group-related sequences
were detected at smaller percentages across age periods.

Bacterial Taxonomic Composition of the Jeju-
num of Local Omani Chickens Across Age Periods

Bacteria classified according to their respective Phylum
and Class, found in the jejunum of local Omani chick-
ens at different ages are presented in Table 8. Eighteen
bacterial microbiota at the Class level were found in
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P-Value
Jejunum- Cae- Caecum-  Caecum-
Ileum cum-Duo- Jejunum Ileum
denum
0.680 0.208 0.212 0.203
0.119 0.670 0.823 0.611
0.635 0.006 0.039 0.055
0.767 0 0 0
0.320 0.314 0.318 0.299
0.318 0.038 0.218 0.027
0.765 0.019 0.009 0.018
0.901 0.002 0.002 0.001
0.394 0.045 0.046 0.010
0.851 0.268 0.174 0.324
0.239 0.141 0.162
0.538 0.347 0.263 0.324
0.619 0.075 0.070 0.068
0.505 0.566 0.464 0.768
0.138 0.087 0.126
0.495 0.512 1
0.347 0.370 0.324

jejunum. Of the 31255 reads, Bacilli were the most
abundant, at 89.84% of the total sequences. Chloroplast
represented 6.53% of the total sequences. Clostridia
accounted for 1.76% of the total sequences. Actinobac-
teria and Gammaproteobacteria represented a small
percentage of 1.15 % and 0.032 %, respectively of the
total sequences. and Chloroplast were 6.53%. Across
different age periods Bacilli were the dominant group,
representing 75.5% at Day 5, 96.8% at Day 15, 93.5% at
Day 25 to 95.5% at Day 35 of the sequences. Clostrid-
ia sequences fluctuated from 2.50% at Day 5, 2.86% at
Day 15, 1.33% at Day 25, and 0.139% at Day 35. Chlo-
roplast sequences were 18.4% at Day 5, 0.229% at Day
15, 3.53% at Day 25 to 2.47% at Day 35 of the sequenc-
es. Actinobacteria sequences were Day 5: 2.33%, Day
15: 0.025%, Day 25: 0.646%, and Day 35: 1.51%, while
Gammaproteobacteria sequences were Day 5: 0.012%,
Day 15: 0.013%, Day 25: 0.106%, and Day 35:0.0%.

Bacterial taxonomic composition of the ileum
of Local Omani chickens across age periods

Bacteria classified according to their respective Phylum
and Class, found in the ileum of local Omani chickens
at different ages are presented in Table 9. Eighteen bac-
terial microbiota at the Class level were found in ileum.
Of the 31337 reads, Bacilli were the most abundant, at
84.8% of the total sequences. Chloroplast accounted for
9.49% of the total sequences. Clostridia and Gammapro-
teobacteria represented a small percentage of 2.87% and
1.07%, respectively of the total sequences. Only a few
Actinobacteria (0.88%) related sequences were detected.
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Table 12. P-value distribution of 16S rDNA gene sequence libraries compared the abundance differences of microbial com-
munities among samples from different segments for cobb 500 broiler chicken.

Class Day 5-15 Day 5-25

4C0d-2 0.315 0.442
Actinobacteria 0.343 0.875
Alphaproteobacteria 0.736 0.850
Bacilli 0.925 0.933
Bacteroidia 0.347 0.511
Betaproteobacteria 0.746 0.337
Chloroplast 0.669 0.812
Clostridia 0.839 0.929
Coriobacteriia 0.185 0.598
Deinococci 0.068 0.119
Deltaproteobacteria 1 0.494
Epsilonproteobacteria 0.159 0.264
Erysipelotrichi 0.574 0.681
Gammaproteobacteria 0.052 0.483
Mollicutes 0.259 0.624
Thermoleophilia

Unclassified 0.347 0.376

Proteobacteria sequences represented 1.72% of the total
sequences. Across different age periods Bacilli were the
dominant group, representing 72.5% at Day 5, 87.0% at
Day 15, 98.8% at Day 25 to 83.1% at Day 35 of the se-
quences. Clostridia sequences fluctuated from 0.289%
at Day 5, 6.01% at Day 15, 0.734% at Day 25, and 4.66%
at Day 35. Chloroplast sequences were Day 5: 24.1%,
Day 15: 2.49%, Day 25: 0.206%, and Day 35: 9.0%, while
Actinobacteria sequences were Day 5: 1.29%, Day 15:
0.026%, Day 25: 0.155%, and Day 35: 1.72%. Proteobac-
teria group-related sequences were detected at smaller
percentages across all age periods.

Bacterial Taxonomic Composition of the Cecum
of Local Omani Chickens Across Age Periods

Bacteria classified according to their respective Phylum
and Class, found in the cecum of local Omani chickens
at different ages are presented in Table 10. Eighteen bac-
terial microbiota at the Class level were found in cecum.
Of the 28299 reads, Clostridia were the most abundant,
at 73.9% of the total sequences. Bacteroidia and Gam-
maproteobacteria accounted for 14.9 % and 3.97 %, re-
spectively of the total sequences. Bacilli and Erysipelotri-
chi represented a small percentage of 4.15% and 1.65%,
respectively of the total sequences. Across different age
periods Clostridia were the dominant group, represent-
ing 76.9% at Day 5, 81.5% at Day 15, 79.2% at Day 25
to 58.2% at Day 35 of the sequences. Bacilli sequences
fluctuated from 9.33% at Day 5, 0.371% at Day 15, 0.272%
at Day 25, and 6.54% at Day 35. Bacteroidia sequences
were Day 5: 0.0%, Day 15: 16.9%, Day 25: 11.1%, and Day
35: 30.4%, while Erysipelotrichia sequences were Day 5:

P-Value
Day 5-35 Day 15-25 Day15-35 Day 25-35

0.688 0.277 0.021 0.057
0.481 0.271 0.872 0.494
0.057 0.620 0.121 0.065
0.599 0911 0.248 0.555
0.328 0.213 0.287 0.344
0.128 0.575 0.092 0.080
0.094 0.742 0.230 0.143
0.868 0.779 0.285 0.860
0.144 0.277 0.129 0.717
0.681 0.388 0.373
0.485 0.188 0.201
0.163

0.934 0.634 0.554 0.661
0.215 0.066 0.112 0.123
0.335 0.277 0.244 0.536
0.111 0.121 0.107
0.386

3.15%, Day 15:0.576%, Day 25: 2.29%, and Day 35:0.792%.

Differences of Microbial Communities among
Samples from Different Intestinal Segments of
Local Omani Chicken

The p-value distribution of 16S rDNA gene sequence li-
braries used to compare the quantitative differences of
microbial communities among samples from different
intestinal segments of local Omani chickens is present-
ed in Table 11. Statistical comparisons of the libraries
showed that the composition of the Duodenum-Jeju-
num, Duodenum-Ileum, Cecum-Duodenum, Cecum-II-
eum Cecum-Jejunum bacterial microbiota differed
significantly (p < 0.05), suggesting that each region es-
tablished its own bacterial community. The number of
Alphaproteobacteria, Bacilli, Betaproteobacteria, Chlo-
roplast, Clostrdia and Coriobacteriia differed signifi-
cantly across different intestinal segments (p < 0.05).
Bacilli were the dominant 16S rDNA sequences in the
duodenum, jejunum, and ileum libraries, whereas Clos-
tridia were the dominant 16S rDNA sequences in the
cecum libraries.

Differences of Microbial Communities among
Samples from Local Omani Chickens of Differ-
ent Age Groups

The p-value distribution of 16S rDNA gene sequence
libraries comparing the quantitative differences of mi-
crobial communities among samples from local Omani
chickens at different age groups are presented in Table
12. Statistical comparisons of the libraries revealed that
there were no significant differences (p > 0.05) between
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the microbial compositions at different age groups: Day
5-15, Day 5-25, Day 5-35, Day 15-25, Day 15-35, and
Day 25-35. The results of the statistical evaluation at
certain age groups revealed that the percentage of bacte-
rial microbiota of 4C0d-2 varied significantly (p< 0.05).
The average percentage of 4C0d-2 was detected at sig-
nificantly higher level (p < 0.05) at Day 35 (0.529%) of
age than at Day 15 (0.0%) of age.

Taxonomic Composition Distribution of the
Bacterial Community in Intestinal Segments at
the Class-Level of Local Omani Chickens

From Figure 2, it can be seen that the diversity of the
bacterial community of intestinal segments of local
Omani chickens changed from one age period to the

next. Species of that exhibited an abundance less than
0.5% in all samples were classified into “others” The in-
testinal segment of duodenum, jejunum, and ileum had
a higher abundance of Bacilli, and as the birds aged, the
percentage of Bacilli decreased, whereas the cecum had
a higher abundance of Clostridia, and as the birds aged,
the percentage of Clostridia increased.

Discussion

The aim of this study was to generate a phylogenetic
diversity census of bacteria identified in the intestinal
segments (duodenum, jejunum, ilium and cecum) of
Local Omani and Cobb 500 broiler chickens raised in
open-sided house from 0 to 35 day of age using 16S rD-
NA-based analysis. However, little is known about the
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Figure 4. Percentage of relative abundance of bacterial community of local Omani chickens.and determined from different
intestinal segments at different age periods from 16S rDNA libraries.
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intestinal bacterial community composition and succes-
sion for birds especially those with various growth rates
such as the indigenous chickens raised in naturally ven-
tilated open-sided house system. The open-sided house
is widely practiced by a majority of small and medium
scale farmers in the developing countries. A greater
understanding of the chicken gut function and micro-
biology will enhance chicken’s health and productivity
raised in naturally ventilated open sided house system.

The data obtained in the study revealed the hetero-
geneity of bacterial populations found in different intes-
tinal segments as derived from molecular detection and
bioinformatics analysis. As a result, the current study’s
findings have been confined to the most quantitative-
ly significant bacterium classes. Therefore, this study
focused solely on Bacilli and Clostridia, the two most
common groups in the Firmicutes phylum. The statis-
tical analyses of microbial community libraries with-
in each breed among samples from different intestinal
segments at different age groups revealed no significant
differences (p > 0.05) in the current investigation. Quite
the contrary, the bacterial microbiota of each breed
differed significantly (p<0.05) across distinct intestinal
segments, suggesting that each region established its
bacterial community with different relative abundances.

It is anticipated that diverse bacteria will emerge in
various intestine segments as each segment’s function
and environmental circumstances differ from one anoth-
er (Rehman et al.,, 2007; Wise and Siragusa, 2007). In the
current study the most reflective differences in the mi-
crobial population in the intestinal segments of the two
breeds was detected between Day 5 to 25. One possible
explanation is that at early age periods, immediately after
hatching, is the most critical period in the life of the chick.
During this early age period, there is the transition from
yolk to oral nutrition associated with major physical and
functional development of the digestive tract and organs
(Ravindran, 2003) resulting in unstable environmen-
tal conditions of the digestive tract’s microecosystem.

Different studies observed similar results that the
microbial community structure varies with age and the
microbial community structure was impartially stable
and is replaced by a stable bacterial community once the
rate of the intestinal development lessened (Mackie et
al.,, 1999; Xu et al., 2003; Amit-Romach et al., 2004). The
unique microbial community at 3-5 days of age suggests
that the early bacterial community is relatively transient
and is replaced by a stable bacterial community later
in life (Lumpkins et al., 2010; Glendinning et al., 2019).

In the current study, our data showed that Bacilli was
the most dominant Class in the duodenal flora of Cobb
500 at a younger age than Local Omani breed (Cobb 500:
Day5 98.9 %; Local Omani: Day5 72.5 %). Clostridia was
the second most abundant Class in the duodenum. Their
levels were high in Local Omani than in Cobb 500 at an
early age (Local Omani: Day5 13.1 %; Cobb 500: Day5
0.062 %, respectively). It is well documented that the
chicken cecum and its mucosal tissue are dominated by
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Clostridia related species (Bjerrum et al., 2006; Gong et
al., 2007; Lund et al., 2010). Clostridia are mainly involved
in fermentation and can ferment a wide variety of sub-
strates including monosaccharides and polysaccharides
(Jones and Woods, 1986). The larger number of Clos-
tridia in the duodenum of Local Omani chickens during
early intestinal development possibly have no or limited
function in nutrient absorption and subsequently the
duodenum functions at a lessened level when compared
to that of Cobb 500 chickens. According to Al-Marzooqi
et al. (2020) the higher abundance of Clostridia that are
associated with fermentation act in an inhibitory fashion
for nutrient absorption in the intestine of the local Oma-
ni chickens and the villus development is slowed down.

The morphological analysis in a study by Al-Balushi
(2021) showed that villus height to villus width ratio in
Cobb 500 broilers was significantly higher compared to
the Local Omani chickens (14.18 versus 9.74, respective-
ly p < 0.01). It is assumed that an increased villus height
is paralleled by an increased digestive and absorptive
function of the intestine due to increased absorptive
surface area, expression of brush border enzymes, and
nutrient transport systems (Amat et al., 1996). Entero-
cyte enzymatic activity and structure are two of the
most important features of the intestinal mucosal phys-
iology (Caspary, 1992). Al-Marzooqi et al., (2019) con-
cluded that villus development has a profound effect on
the growth performance of the chickens. Many studies
proved that variations in bacterial population between
certain broiler lines might be attributed to differences
in villi height, which could result in a wider distance
between the crypt and the lumen with increased villus
height, creating a niche for specific bacteria (Suau et
al.,, 1999; Salzman et al., 2002; Lumpkins et al., 2010).
As a result, villi height might be referred as a contrib-
uting element to the bacterial community’s habitat.

Conclusion

The dynamics of the gut microbial community or
microbial balance are still far from fully understood.
However, the future development of the Local Omani
chicken breed for rapid growth production requires
a further selection of lines that should take in con-
sideration the intestine’s overall developmental rate.
In addition, future studies will need to look into his-
tological alterations related to intestinal function.
It is essential to establish baseline values for pro-
duction parameters of Local Omani chickens and
characterize the overall performance of Local Oma-
ni chickens. Future research should be focused by
identifying gut bacteria that can be associated with
improved/poor chicken growth performance. More-
over, future studies need to be directed towards de-
velopment of diets, such as the utilization of probi-
otics to increase the development of Bacilli during
early intestinal development and subsequent better
utilization of nutrients in the Local Omani chickens.

59



Evaluation of the Intestinal Bacterial Community of Local Omani and Cobb 500 Broiler Chickens Raised in an Open-Sided House Using 16S rDNA-Based Analysis

Acknowledgement

This study was financially supported by the Sultan Qa-
boos University Research Fund [number: IG/AGR/
ANVS/19/01].

References

Al-Jumaili AS, Boudali SF, Kebede A. (2020). The mater-
nal origin of indigenous domestic chicken from the
Middle East, the north and the horn of Africa. BMC
Genetics 21: 1-16.

Al-Marzooqi W, Al-Maskari ZAS, Johnson EH,
Al-Kharousi K, Mahgoub O, Al-Saqri NM, El Tahir
Y. (2019). Comparative evaluation of growth per-
formance, meat quality and intestinal development
of indigenous and commercial chicken strains. In-
ternational Journal of Poultry Science 18: 174-180.

Al-Marzooqi W, Al-Maskari ZAS, Al-Kharousi K, John-
son EH, El Tahir Y. (2020). Diversity of Intestinal
Bacterial Microbiota of Indigenous and Commercial
Strains of Chickens Using 16S rDNA-Based Analysis.
Animals 10: 1-22.

Amat C, Planas JM, Moreto M. (1996). Kinetics of
hexose uptake by the small and large intestine of the
chicken. American Journal of Physiology Regulatory
Integrative Comparative Physiology 271: 1085-1089.

Amit-Romach E, Sklan D, Uni Z. (2004). Microflora
ecology of the chicken intestine using 16S ribosomal
DNA primers. Poultry Science 83: 1093—-1098.

Bjerrum L, Engberg RM, Leser TD, Jensen BB, Finster
K, Pederson K. (2006). Microbial community compo-
sition of the ileum and cecum of broiler chickens as
revealed by molecular and culture-based techniques.
Poultry Science 85: 1151-1164.

Caporaso ]G, Kuczynski J, Stombaugh ], Bittinger
K, Bushman FD, Costello EK, Fierer N, Pena AG,
Goodrich JK, Gordon JI, Huttley GA, Kelley ST,
Knights D, Koenig JE, Ley RE, Lozupone CA, Mc-
Donald D, Muegge BD, Pirrung M, Reeder ], Se-
vinsky JR, Turnbaugh PJ, Walters WA, Widmann J,
Yatsunenko T, Zaneveld J, Knigh R. (2010). QIIME
allows analysis of high-throughput communi-
ty sequencing data. Nature Methods 7: 335-336.

Caspary WF. (1992). Physiology and pathophysiology of
intestinal absorption. The American Journal of Clini-
cal Nutrition 55: 299S-308S.

Dessie A, Alemayehu A, Fekadu B, Alayu TMA. (2017).
Growth performance, feasibility and carcass charac-
teristics of Cobb 500 commercial broiler under small-
scale production in western Ethiopia. Asian Journal
of Poultry Science 11: 49-56.

Edgar RC. 2010. Search and clustering orders of magni-
tude faster than BLAST. Bioinformatics 26: 2460-2461.

Glendinning L, Watson KA, Watson M. (2019). Devel-
opment of the duodenal, ileal, jejunal and caecalmi-
crobiota in chickens. Animal Microbiome 1: 1-11.

60

Gong J, Forster R], Yu H. (2002). Chambers, J.R.; Sab-
our, PM.; Wheatcroft, R.; Chen, S. Diversity and
phylogenetic analysis of bacteria in the mucosa of
chicken ceca and comparison with bacteria in the
cecal lumen. FEMS Microbiology Letters 208: 1-7.

Gong J, Si W, Forster R], Huang R, Yu H, Yin Y, Yang C,
Han Y. (2007). 16S rRNA gene-based analysis of mu-
cosa-associated bacterial community and phylogeny
in the chicken gastrointestinal tracts: From crops
to ceca. FEMS Microbiology Letters 59: 147-157.

James RW, Niranjan N, Mihai P. (2009). Statistical Meth-
ods for Detecting Differentially Abundant Features in
Clinical Metagenomic Samples. PLOS Computation-
al Biology 5: 1-11.

Jimoh AA, Ayuba U, Ibitoye EB, Raji AA, Dabai YU.
(2017). Gut health maintenance in broilers: compar-
ing the potential of honey to antibiotic effects on per-
formance and clostridial counts. Nigerian Journal of
Animal Production 44: 106-113.

Jones DT, Woods DR. (1986). Acetone-butanol fermen-
tation revisited. Microbiology Reviews 50: 484-524.

Lumpkins BS, Batal AB, Lee MD. (2010). Evaluation of
the bacterial community and intestinal development
of different genetic lines of chickens. Poultry Science
89:1614-1621.

Lund M, Bjerrum L, Pedersen K. (2010). Quantification
of Faecalibacteriumprausnitzii- and Subdoligranu-
lumvariabile-like bacteria in the cecum of chickens
by real-time PCR. Poultry Science 89: 1217- 1224.

Mackie RI, Sghir A, Gaskins HR. (1999). Developmen-
tal microbial ecology of the neonatal gastrointestinal
tract. The American Journal of Clinical Nutrition 69:
1035S-1045S.

MAE. (2013). Directorate of Rural Women; Projects and
programs of agricultural production and extension.
Ministry of Agriculture and Fisheries (MAF), Mus-
cat, Oman.

Magoc T, Salzberg SL. (2011). FLASH: Fast length ad-
justment of short reads to improve genome assem-
blies. Bioinformatics 27: 2957-2963.

McLaren MR, Willis AD, Callahan BJ. (2019). Consis-
tent and correctable bias in metagenomic sequencing
measurements. Elife 8: 1-30 (Article e46923).

Al-Balushi M. (2021). A comparative evaluation on the
growth performance and intestinal microflora of lo-
cal Omani and Cobb 500 broiler chickens raised in an
open-sided house; [MSc]. [Sultanate of Oman-Mus-
cat]: Sultan Qaboos University.

Ravindran V. (2003). Development of digestive function
in neonatal poultry: Physiological limitations and po-
tential. Proceeding Australia Poultry Science Sympo-
sium 15: 1-7.

Rehman HU, Vahjen W, Awad WA. (2007). Indigenous
bacteria and bacterial metabolic products in the

gastrointestinal tract of broiler chickens. Archive An-
imal Nutrition 5: 319-335.



Richards-Rios P, Fothergill ], Bernardeau M, Wigley P.
(2020). Development of the Ileal Microbiota in Three
Broiler Breeds. Frontiers in Veterinary Science 7:
1-18 (Article 17).

Salzman NH, De Jong H, Paterson Y, Harmsen HJM,
Welling GW, Bos NA. (2002). Analysis of 16S li-
braries of mouse gastrointestinal microflora reveal a
large new group of mouse intestinal bacteria. Micro-
biology 148: 3651-3660.

ShangY, KumarS, Oakley B, Kim WK.(2018). Chicken Gut
Microbiota: Importance and Detection Technology.
Frontiers in Veterinary Science 5: 1-11 (Article 254).

Suau A, Bonnet R, Sutren M, Gordon JJ, Gibson GR,
Collins MD, Dore J. (1999). Direct analysis of genes
encoding 16S rRnA from complex communities re-
veals many novel molecular species within the hu-
man gut. Applied Environmental Microbiology 65:
4799-4807.

Al-Balushi, El Tahir, Asi, EI-Zaiat, Al-Abri, Al-Kharousi, Al-Marzooqi

Wise M@, Siragusa GR. (2007). Quantitative analysis of
the intestinal bacterial community in one to three-
week-old commercially reared broiler chickens fed
conventional or antibiotic-free vegetable-based diets.
Journal of Applied Microbiology 102: 1138-1149.

Xu ZR, Hu CHM, Xia S, Zhan XA, Wang MQ. (2003).
Effects of dietary fructooligosaccharide on digestive
enzyme activities, intestinal microflora and morphol-
ogy of male broilers. Poultry Science 82: 1030-1036.



