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The diversity of bacterial floras in the ilea and ceca of chickens that were fed a vegetarian corn-soy broiler
diet devoid of feed additives was examined by analysis of 1,230 partial 16S rRNA gene sequences. Nearly 70%
of sequences from the ileum were related to those of Lactobacillus, with the majority of the rest being related
to Clostridiaceae (11%), Streptococcus (6.5%), and Enterococcus (6.5%). In contrast, Clostridiaceae-related se-
quences (65%) were the most abundant group detected in the cecum, with the other most abundant sequences
being related to Fusobacterium (14%), Lactobacillus (8%), and Bacteroides (5%). Statistical analysis comparing
the compositions of the different 16S rRNA libraries revealed that population succession occurred during some
sampling periods. The significant differences among cecal libraries at 3 and 7 days of age, at 14 to 28 days of
age, and at 49 days of age indicated that successions occurred from a transient community to one of increasing
complexity as the birds aged. Similarly, the ileum had a stable bacterial community structure for birds at 7 to
21 days of age and between 21 to 28 days of age, but there was a very unique community structure at 3 and 49
days of age. It was also revealed that the composition of the ileal and cecal libraries did not significantly differ
when the birds were 3 days old, and in fact during the first 14 days of age, the cecal microflora was a subset
of the ileal microflora. After this time, the ileum and cecum had significantly different library compositions,
suggesting that each region developed its own unique bacterial community as the bird matured.

Intestinal bacteria play an important role in health through
their effects on gut morphology, nutrition, pathogenesis of
intestinal disease, and immune responses. The microbial flora
is also believed to protect against colonization of the intestines
by pathogens and to stimulate the immune response (35, 37).
Intestinal bacteria are primarily responsible for degrading the
copious amounts of mucus produced by goblet cells in the
intestine (14, 36). However, many factors can affect the com-
position of the avian bacterial community, such as diet (27),
age (27, 57, 62), antibiotic administration (27), and infection
with pathogenic organisms (26).

Extensive studies of the culturable bacterial flora of chickens
have been conducted (44). The predominant culturable bacte-
ria in the chicken cecum are obligate anaerobes, at the level of
1011 per g of content (6, 7). At least 38 different types of
anaerobic bacteria have been isolated from the chicken cecum
(7, 8), and they comprise many different bacterial strains (34).
Mead (34) found that gram-positive cocci such as Peptostrep-
tococcus composed 28% of the total culturable bacteria, with
other bacteria including Bacteroidaceae (20%), Eubacterium
spp. (16%), Bifidobacterium spp. (9%), budding cocci (6%),
Gemmiger formicilis (5%), and Clostridium spp. (5%). How-
ever, other authors have estimated that only 10 to 60% of the
total bacteria in the cecum were detected by culture (6, 7, 8, 34,
46). Only recently have molecular approaches been used to
investigate the bacterial ecology of the chicken intestine. Neth-

erwood et al. (39) used hybridization to monitor the response
of bacterial flora to probiotic administration, a common feed
additive in meat animal production. Diet-related differences in
the cecal intestinal microbial community were analyzed by
Apajalahti et al. (4), using G�C% profiling of 16S ribosomal
DNA (rDNA) sequences. They showed that most of the genes
detected were not from well-known bacterial species. These
findings were confirmed by Gong et al. (19) and Zhu et al. (62),
who determined that many of the 16S rDNA sequences re-
trieved from a cecal library exhibited low sequence similarity to
the genes of known bacterial genera. Several studies have also
addressed the composition of the chicken small intestinal mi-
croflora and have revealed a surprisingly diverse bacterial com-
munity (27, 57).

The microbial community of the gastrointestinal tract ulti-
mately reflects the coevolution of microorganisms with their
animal host and the diet adopted by the host (13). Changes in
the composition of the animal’s microflora can have beneficial
or detrimental effects on health, growth, and maturation of the
animal host (23), as is evident from the beneficial effects of
rearing food animals on feeds containing antibiotics (38, 52).
With concerns over agricultural use of these growth-promoting
antibiotics and the emergence of antibiotic resistance in hu-
man or zoonotic pathogens, there is increasing pressure to
eliminate this practice from animal husbandry. Unfortunately,
it is unknown how these antibiotics influence the intestinal
microflora and ultimately affect feed conversion, growth, and
health of the food animal.

Previous chicken microflora studies have focused on animals
reared on a feed containing an anticoccidial agent and protein
supplementation (19, 62). Additional protein sources used to
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supplement poultry feed are generally derived from rendered
food animals and, although initially sterile, the animal by-
product is contaminated with microorganisms in the final pro-
duction steps for poultry feed (24). If we are to identify the
bacterial species that promote or interfere with good gastro-
intestinal health as a consequence of the use of feed antibiot-
ics, it is important to first define the gastrointestinal microflora
of chickens reared on a simple, vegetable diet devoid of other
dietary supplements that may influence the microflora’s com-
position.

In this study, we describe bacterial community succession in
the ileal and cecal ecosystems of broiler chickens that were fed
a corn-soy diet devoid of animal protein, antibiotics, or anti-
coccidials during their maturation to market weight. An un-
derstanding of the development of the normal bacterial com-
munity will allow us to detect disruption in the flora and
analyze the effects of food animal management changes. This
information may allow us to manipulate the intestinal flora
with the intention of enhancing intestinal health and feed con-
version.

MATERIALS AND METHODS

Animal sampling. Sixty 1-day-old commercial Ross-hybrid broiler chicks,
placed on sawdust bedding, were used as the source of bacteria for DNA ex-
tractions. The most popular breed of meat chickens, Ross-hybrids, has been bred
for rapid growth and efficient feed conversion. Under standard management
practices, this breed reaches market weight in 35 to 55 days (grow-out). Chicks
were fed ad libitum a commercial corn-soy diet that did not contain animal
protein, growth-promoting antibiotics, or coccidiostats. A starter feed (23%
protein) was provided until the birds were 14 days of age and then was replaced
by a grower feed (20% protein) for the remainder of the grow-out. The major
difference between the two feeds is the percentage of crude protein (soy); fat is
constant at 6% and the balance is made up by carbohydrates from corn and soy.
Ten chicks were sacrificed at 3 and 7 days of age, and the intestinal contents were
removed and pooled. At 14, 21, 28, and 49 days of age, five chicks were sacrificed
and their intestinal contents were pooled. Intestinal contents were collected in
the morning and pooled to reduce individual variation. One cecum was removed
from each bird and the ileum was removed between the duodenum and Merkel’s
diverticulum, they were cut open aseptically, and the contents were placed into
sterile tubes containing brain heart infusion broth. The tubes were kept on ice
until the bacteria were collected.

Bacterial DNA isolation. The bacterial fraction was recovered from the intes-
tinal contents by density gradient centrifugation as described by Apajalahti et al.
(3). Bacterial cells were lysed with the beads, solution 1, and IRS of the Mo Bio
kit (Mo Bio Laboratories Inc., Solana Beach, Calif.) by beating at 6,000 rpm for
20 min on a vortex shaker. Genomic DNA was extracted as follows. Lysed cells
were treated with sodium dodecyl sulfate (final concentration, 0.5%) and pro-
teinase K (final concentration, 0.1 mg/ml) and incubated at 37°C for 30 min. The
sample was extracted twice with an equal volume of phenol-chloroform-isoamyl
alcohol (25:24:1) and once with chloroform-isoamyl alcohol (24:1). DNA was
concentrated with a 0.6 volume of isopropanol and resuspended in sterile water.
DNA concentration was measured with a Beckman DU640 spectrophotometer
(Beckman Instruments, Inc., Fullerton, Calif.).

PCR for construction of 16S rDNA clone libraries. For construction of the 16S
rRNA gene clone libraries, three sets of primers which target the domain Bac-
teria were used (31). These were 8F (5�-AGA GTT TGA TCC TGG CTC AG-3�)
and 1492R (5�-TAC GG(C/T) TAC CTT GTT ACG ACT T-3�) (set A), 8F and
1522R (5�-AAG GAG GTG ATC CAN CCR CA-3�) (set B), and 8F and 926R
(5�-ACC GCT TGT GCG GGC CC-3�) (set C). Primer 1492R was synthesized
as a mixture of oligonucleotides with either T or C at position 1497 (Escherichia
coli numbering). Primer sets A and B are frequently used for molecular diversity
studies because they result in a nearly full-length 16S rDNA product and are
considered universal for the domain Bacteria and for the prokaryotes, respec-
tively (32). Primer set C was used to minimize the effect of template concentra-
tion on PCR bias (11). Final reaction mixtures included 25 or 100 ng of template
DNA with primer set C and 25 ng with other primer sets, 1� PCR buffer, 2.0 mM
MgCl2, 0.2 mM deoxynucleoside triphosphates, 1 �M (each) primers, and 0.05 U
of Taq DNA polymerase (Roche Molecular Biochemicals) in a final reaction

volume of 25 �l. Initial DNA denaturation was performed at 94°C for 2 min in
a PTC200 thermocycler (MJ Research, Inc., Watertown, Mass.), followed by 15
cycles of denaturation at 94°C for 1 min, annealing at 54°C (primer set A), 48°C
(primer set B), or 58°C (primer set C) for 30 s, and elongation at 72°C for 1 min
and then a final elongation step at 72°C for 10 min. Fifteen cycles of PCR were
performed rather than 30 cycles to minimize PCR bias (11) associated with
preferential amplification of certain 16S rDNA types (54). Three separate PCR
amplifications were performed to minimize potential bias and to increase the
DNA yield for subsequent cloning. The nine PCRs generated with the three PCR
primer sets were pooled together for cloning. The amplified PCR products were
purified with the Wizard PCR product purification kit (Promega, Madison,
Wis.). The purified products were ligated into pGEM-T Easy (Promega). Liga-
tion was done at 4°C overnight, followed by transformation into competent E.
coli JM109 cells by heat shock (45 s at 42°C). The clones were screened for
�-complementation of �-galactosidase by using X-Gal (5-bromo-4-chloro-3-in-
dolyl-�-D-galactopyranoside) and IPTG (isopropyl-�-D-thiogalactopyranoside)
(5).

Plasmid extraction and sequencing. DNA preparations for sequencing were
made with the QIAprep spin plasmid kit (Qiagen, Valencia, Calif.) as specified
by the manufacturer. Plasmids were eluted with 50 �l of water and stored at
�70°C. Sequencing reactions were performed by use of a PE-ABI Big Dye
terminator cycle sequencing kit (Applied Biosystems, Foster City, Calif.) as
described by the manufacturer, and electrophoresis and readout were performed
with an ABI PRISM 3700 DNA analyzer (Applied Biosystems). Primers T7 and
SP6 were used to sequence both strands of each PCR product.

Analysis of DNA sequences. Resulting DNA sequences were edited to exclude
primer binding sites and ambiguous bases and were assembled into contiguous
sequences (570 to 650 bp) by use of the Sequencher program, version 4.10 (Gene
Code Corp., Ann Arbor, Mich.). The resulting DNA sequence information was
analyzed by use of the programs FASTA (41) and BLAST (2). Chimeric se-
quences were detected as described by Suau et al. (53).

The estimate of library coverage was calculated as described by Good (20) and
was applied to quantitative comparisons of 16S rRNA gene sequence libraries as
described by Singleton et al. (49). The same definitions for the variables in the
formula Cx � 1 � (Nx/n) were used as those by Singleton et al. (49), i.e., Cx is the
homologous coverage of sample X, Nx is the number of unique sequences, and
n is the total number of sequences in the sample. Coverage was determined at
98% 16S rDNA sequence similarity (32, 53). Nx was analyzed by using the
Sequencher program (v 4.1). Differences in the composition of the floras were
estimated by comparisons of the libraries as described by Singleton et al. (49),
using the LIBSHUFF utility (www.arches.uga.edu/	whitman/libshuff.html). If
the P values were 
0.05, the two libraries were considered significantly different
from each other, indicating that the microbial compositions were different.

Nucleotide sequence accession numbers. Representative DNA sequences
were submitted to GenBank under accession numbers AY235577 to AY235675.

RESULTS

Total 16S rRNA partial gene sequences (350 to 410 bp)
(1,230) were compared to sequences present in GenBank. This
analysis showed that four major groups dominated the chicken
intestinal bacterial community: low- and high-G�C gram-pos-
itive bacteria, proteobacteria, and the Cytophaga/Flexibacter/
Bacteroides group (Fig. 1). The low-G�C gram-positive group,
which included Lactobacillus, clostridia, Bacillus, and strepto-
cocci, was the most abundant group of organisms in both the
ileum and the cecum. In a previous study, we also found a
community of low-G�C gram-positive bacteria in broiler litter
(manure), which is a mix of feces and composted bedding
material (31). Thirteen genera were found to be common to
both the ileum and cecum; however, the abundances of these
were quite different (Table 1). In the ileum, Lactobacillus spe-
cies accounted for 67% of the total 16S rDNA sequences, but
the Clostridiaceae (68%) dominated the bacterial community
of the cecum. Streptococcus and Enterococcus 16S rDNA se-
quences were also more abundant in the ileum than in the
cecum, but Fusobacterium sequences were detected at higher
levels in the cecum (14.3%) than in the ileum (0.9%). Strepto-
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coccus and Enterococcus were more abundant in the ileum
(13.2%) than in the cecum (1.7%). Only a very small percent-
age of proteobacteria-related sequences were represented in
the libraries (2.5% in the ileal library and 2.8% in the cecal
library). Statistical comparisons of the libraries revealed that
the composition of the ileal and cecal bacterial floras did not
significantly differ when the birds were 3 days of age (Table 2).
However, during the period of 7 to 14 days of age, the cecal
microflora was a subset of the ileal microflora. After this time,
the ileum and cecum had significantly different library compo-
sitions, suggesting that each region developed its own unique
bacterial community.

Ileal (614) and cecal (616) sequences were analyzed to cal-
culate library coverage. There were 78 and 142 unique 16S
rDNA sequences identified from the ileum and cecum, respec-
tively, at a similarity level of 98%. Thus, the coverage was 88
and 77% for the ileum and cecum, respectively, suggesting that
these unique ribotypes represent the major genera and species
present in the chicken intestine. We identified several 16S

sequences demonstrating homology to bacteria that are poten-
tially pathogenic for chickens, such as Staphylococcus aureus
(50), Clostridium perfringens (17), E. coli (9), and Campy-
lobacter coli (47).

Microbial composition of the cecum. Of the 619 clones, the
most abundant sequences (65.6%) were homologous to Clos-
tridiaceae (low-G�C, gram positive), while Fusobacterium
(high-G�C, gram positive) strains accounted for 13.9% (Fig.
1). Less than 10% of the cecal 16S rDNA sequences were
related to gram-negative bacteria, and of these, 2.8% were
proteobacteria, and Bacteroidaceae comprised 5.1% of the to-
tal. The diversity and composition of the microfloras at differ-
ent ages are shown in Table 3. At 3 days of age, 15% of the
total 16S rDNA sequences from the broiler chicken cecum
were identified as belonging to Proteobacteria (�, �, and �).
Lactobacillus represented one-fourth of the total sequences at
3 days of age, with Lactobacillus delbrueckii and Lactobacillus
acidophilus as the dominant species. At later times, the lacto-
bacilli were reduced in abundance (1 to 11% of total), but no
single species of Lactobacillus was clearly dominant.

The Clostridiaceae were the major group in all sample ages,

FIG. 1. Composition of the bacterial floras of the ilea and ceca of broiler chickens as determined by sequencing of 1,230 clones from a 16S
rDNA community DNA library. (A) Bacterial composition of the ileum. (B) Bacterial composition of the cecum.

TABLE 1. Bacterial genera detected in both the ileal and cecal 16S
rDNA libraries

Group (% of total) Genus
% of genus in:a

Ileum Cecum

Low G�C, gram positive Lactobacillus 67.59 7.75
(ileum, 94.18; cecum, 76.9) Weisella 1.05 0.48

Clostridium 9.69 39.26
Ruminococcus 0.44 16.48
Eubacterium 0.73 9.85
Bacillus 0.67 1.45
Staphylococcus 0.95 0
Streptococcus 6.63 0.65
Enterococcus 6.43 0.97

High G�C gram positive Fusobacterium 0.73 13.89
(ileum, 0.92; cecum, 13.89) Bifidobacterium 0.19 0

Proteobacteria (gram negative) Ochrobacterium 0.18 0.81
(ileum, 2.28; cecum, 2.75) Alcaligenes 0.88 0.65

Escherichia 0.35 1.29
Campylobacter 0.88 0

Cytophaga/Flexibacter/Bacteroides Flavobacterium 0 0.16
(ileum, 0.6; cecum, 5.19) Bacteroides 0.60 5.01

a A total of 614 and 616 sequences were analyzed from the ileum and cecum,
respectively.

TABLE 2. P value distribution of 16S rDNA gene sequence
libraries compared among samples from ileum and cecuma

Age of
chicken (days) Pair-wise comparison P value

3 Cecum-ileum 0.567
Ileum-cecum 0.095

7 Cecum-ileum 0.092
Ileum-cecum 0.001

14 Cecum-ileum 0.083
Ileum-cecum 0.001

21 Cecum-ileum 0.001
Ileum-cecum 0.001

28 Cecum-ileum 0.001
Ileum-cecum 0.001

49 Cecum-ileum 0.001
Ileum-cecum 0.001

a Differences were determined by pair-wise comparisons of the cecal clone
libraries with the ileal libraries and vice versa. Except for a similar composition
at 3 days of age (P � 0.05), the ileal composition was significantly different from
that of the cecum at all ages. However, at 7 and 14 days, the composition of the
cecal library appeared to be a subset of the ileal library.
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representing 51 to 85% of the total cecal 16S rDNA sequences.
Many of these cecal 16S rDNA sequences had relatively low
percent identity with clostridial sequences present in the Gen-
Bank 16S rDNA database at the time of this analysis. Except
for a few sequences with 98 to 99% identity to C. perfringens,
Clostridium lactifermentum, segmented filamentous bacteria,
and Clostridium orbiscindens, most of the sequence similarities
ranged from 89 to 95%. Clostridial cecal 16S rDNA sequences
were grouped in several clusters. Figure 2 shows the related-
ness of these clostridial sequences; the cluster was labeled if
percent identity values were �95%. The Ruminococcus species
(R. schinkii, R. obeum, and R. gnavus) represented the most
abundant population of clostridia in the cecum (15.6% of the
total sequences). While sequences related to Clostridium indo-
lis accounted for 8.5%, C. orbiscindens 4.4%, and Eubacterium
10.0%, sequences with low homology to known Clostridium
spp. made up 12.3% of the total cecal sequences.

At 7 days of age, sequences related to the Clostridium sac-
charolyticum (24.7%), Clostridium oroticum (15.1%), and C.
orbiscindens (12.9%) clusters dominated the cecal bacterial
community, suggesting that these bacterial strains replaced the
initially diverse population of clostridia. Similarly, at 14 to 28
days of age, 20 to 36% of the sequences were related to R.
schinkii and 7 to 15% were related to C. indolis, demonstrating
that the community had again undergone population succes-
sion. The sequences at 49 days of age had the highest Eubac-
terium (22.7%) abundance, but 27% of the Clostridium se-
quences had low similarity to known species. Fusobacterium
sequences were recovered at 7 to 49 days of age but were in
very high abundance at 21 (27.3%) and 28 (35.1%) days of age.
At all ages, Clostridium, Eubacterium, and Ruminococcus dom-
inated the bacterial community of the cecum.

The composition of chicken litter is believed to reflect the
composition of cecal droppings of chickens. The most abun-

dant genera in litter are Facklamia, Salinococcus, and Coryne-
bacterium (31), which we did not detect in the 16S libraries of
the cecum. A significant percentage of the total litter bacterial
community was also composed of �-proteobacteria, but we
detected few of these species in the cecal flora. These differ-
ences suggest that the microbial community of litter is substan-
tially modified by the modest amount of composting that oc-
curs with aging of the litter in the flock house.

In order to study the changes of the bacterial community as
the birds matured, we compared the libraries at different ages
in a pair-wise manner (49). Table 4 shows the results of the
statistical evaluation; at some ages the composition of the cecal
microflora varied significantly (P 
 0.05). For example, the
composition of the cecal flora was significantly different (P �
0.001) at 3 and 7 days of age compared to the other ages,
suggesting that the composition was transient in young chicks.
However, the flora at 14 to 28 days of age was not significantly
different, except that the 14-day library appeared to be a subset
of the 28-day library, suggesting increasing complexity of the
flora as the birds aged. The 49-day library was significantly
different from those of the other ages, indicating further mat-
uration of the bacterial flora.

Microbial composition of the ileum. Of the 614 16S rDNA
clones, Lactobacillus species were most abundant, at 68.5% of
the total sequences. Most of the sequences were related to
those of cultivated species of bacteria, such as Enterococcus
cecorum and Enterococcus faecium (identity, 98 to 100%),
Streptococcus alactolyticus and Streptococcus intestinalis (iden-
tity, 97 to 99%), and C. perfringens (identity, 99%). Table 5
shows the composition of the ileal libraries. Only a few (2.5%)
Proteobacteria-related sequences were detected; these were re-
lated to Achromobacter xylosoxidans, Alcaligenes faecalis,
Campylobacter coli, and E. coli. Other sequences related to
Clostridiaceae (9.7%) were represented mainly by Clostridium

TABLE 3. Abundance of bacterial 16S rDNA sequences (n � 619) isolated from the cecal floras of broiler chickens

Group Class Genus or species
Abundance of sequence (no. of sequence [%]) at day:

3 7 14 21 28 49

Low G�C, gram positive Lactobacillaceae Lactobacillus spp. 3 (2.86) 1 (1.01) 1 (0.88)
L. acidophilus 8 (7.62) 1 (1.08) 4 (3.60) 4 (4.12)
L. crispatus 1 (0.95) 3 (3.23) 3 (2.70)
L. delbrueckii 14 (13.33) 2 (1.80)
L. reuteri 1 (0.90) 1 (1.03)
L. aviarius 1 (1.03)
Weissella spp. 1 (0.95) 1 (0.90) 1 (1.03)

Clostridiaceae Clostridium spp. 33 (31.43) 56 (60.22) 42 (37.84) 25 (25.25) 34 (29.82) 33 (34.02)
C. perfringens 13 (12.38)
C. lactofermentum 2 (1.75) 1 (1.03)
C. orbiscindens 4 (4.04)
Ruminococcus 7 (6.67) 16 (17.20) 29 (26.13) 16 (16.16) 18 (15.79) 16 (16.49)
Eubacterium spp. 1 (0.95) 7 (7.53) 10 (9.00) 11 (11.11) 10 (8.77) 22 (22.68)

Bacillaceae Bacillus 3 (2.70) 4 (4.04) 2 (1.75)
Streptococcaceae Streptococcus 3 (2.86) 1 (1.03)
Enterococcaceae Enterococcus faecium 2 (1.90) 2 (2.15) 1 (0.90) 1 (1.03)

Enterococcus durans 1 (1.03)
High G�C, gram positive Fusobacteriaceae Fusobacterium spp. 2 (2.15) 10 (9.00) 27 (27.27) 40 (35.09) 7 (7.22)
Proteobacteria (gram negative) � Ochrobacter anthropi 5 (4.76)

� Achromobacter xylosoxidans 4 (3.81)
Alcaligenes sp.

� Escherichia coli 7 (6.67) 1 (0.9)
Cytophaga/Flexibacter/Bacteroides Flavobacteriaceae Flavobacterium ferrugineum 1 (0.95)

Bacteroidaceae Bacteroides 1 (0.95) 5 (5.38) 4 (3.60) 10 (10.10) 6 (5.26) 5 (5.15)
Unknown bacteria 1 (0.95) 1 (1.08) 1 (1.01) 1 (0.88) 3 (3.09)

Total 105 93 111 99 114 97

VOL. 69, 2003 DIVERSITY OF INTESTINAL BACTERIAL FLORA IN CHICKENS 6819



FIG. 2. Phylogenetic tree showing 16S rDNA sequences related to the Clostridiaceae. The majority of the sequences were isolated from the
cecal library. The tree was constructed by neighbor-joining analysis of a distance matrix obtained from a multiple-sequence alignment. Bootstrap
values (expressed as percentages of 100 replications) are shown at branch points; values of 
50 were not considered significant. The cluster was
labeled if some sequences exhibited percent identity values of at least 95%.
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lituseburense relatives (identity, 94 to 98%; abundance, 6.4%),
C. perfringens (identity, 98 to 99%), and R. gnavus (identity, 93
to 94%; abundance, 0.5%).

L. acidophilus, Clostridium, Streptococcus, and Enterococcus
were dominant 16S rDNA sequences in the ileal libraries for 7
to 21 days of age. Similar to in the cecum, 13% of clones from
the ileal 16S rDNA library at 3 days of age had similarity to �,
�, ε, and � proteobacterial sequences, but these sequences
were not identified among numerous clones sequenced from
subsequent 16S rDNA ileal libraries. The ileal library at 3 days
of age was statistically significantly different (P 
 0.05) from
those at all other ages, suggesting that the composition of the

ileum of young chicks is transient (Table 4). The analysis in-
dicated that most sequences from the clone libraries of days 3,
7, and 49 had a high dissimilarity to the sequences from the
libraries of the other ages. However, the analysis showed that
the 14-, 21-, and 28-day clone libraries were not significantly
different (P � 0.10), indicating that the ileal flora was very
similar during this time. This is somewhat surprising since the
diet composition changed from starter to grower feed during
this time. For birds at 7 to 21 days of age and between 21 and
28 days of age, the ileum had a stable bacterial community
structure, but there was a very unique community structure at
3 and 49 days of age.

The dominant sequences homologous to Lactobacillus varied
from L. delbrueckii at 3 days to L. acidophilus from days 7 to 21
and Lactobacillus crispatus from days 28 to 49. At 49 days of age,
the community exhibited another shift in the Lactobacillus pop-
ulation, with an increase in Lactobacillus salivarius. The abun-
dance of sequences with homology to clostridia tended to increase
from 3 to 49 days of age, with the exception of an abundance of
C. perfringens at 3 days of age. About 15% of the cecal 16S rDNA
total sequences at 3 days of age had homology to C. perfringens,
which is an important cause of necrotic enteritis in broilers and is
generally controlled by use of growth-promoting antibiotics (18,
30). However, we detected sequences in the ileal 16S rDNA
library at 14 days of age that were homologous to the segmented
filamentous bacteria commonly associated with a healthy gastro-
intestinal tract in animals (51).

DISCUSSION

The chicken intestinal microflora has been investigated ex-
tensively by use of culture-based methods (6, 7, 8, 33, 46).
These studies have shown that gram-positive bacteria were

TABLE 4. P-value distribution of 16S rDNA gene sequence
libraries among samples from birds of different agesa

Source of
library

Age
(days)

P value at day:

3 7 14 21 28 49

Cecum 3 1 0.001 0.001 0.001 0.001 0.001
7 0.001 1 0.008 0.001 0.134 0.002

14 0.001 0.001 1 0.231 0.743 0.293
21 0.001 0.001 0.10 1 0.669 0.003
28 0.001 0.001 0.015 0.100 1 0.014
49 0.001 0.001 0.003 0.001 0.020 1

Ileum 3 1 0.001 0.001 0.001 0.001 0.001
7 0.001 1 0.048 0.041 0.001 0.001

14 0.001 0.937 1 0.172 0.436 0.001
21 0.044 0.997 0.740 1 0.567 0.001
28 0.001 0.001 0.001 0.249 1 0.028
49 0.001 0.001 0.001 0.001 0.124 1

a Differences were determined by pair-wise comparisons of the heterologous
coverage of each clone library with that of the other libraries and with itself, using
LIBSHUFF. If the P values were 
5% (P 
 0.05), significant differences existed
between the two clone libraries. If x compared to y is not significantly different, but
y compared to x produces P of 
0.05, then x is considered a subset of y.

TABLE 5. Abundance of bacterial 16S rDNA sequences (n � 610) isolated from the ileal floras of broiler chickens

Group Class Genus or species
Abundance of sequence (no. of sequences [%]) at day:

3 7 14 21 28 49

Low G�C, gram positive Lactobacillaceae Lactobacillus spp. 1 (1.05) 2 (2.22) 1 (0.88) 4 (4.04)
L. acidophilus 7 (7.37) 54 (58.9) 54 (52.9) 57 (50) 3 (2.72)
L. crispatus 4 (4.21) 1 (1.11) 8 (7.84) 3 (2.63) 82 (74.5) 36 (36.4)
L. reuteri 3 (2.94) 5 (4.39) 8 (7.27) 1 (1.01)
L. delbrueckii 40 (42.1) 1 (1.11)
Weisella spp. 6 (6.32)
L. salivarius 6 (5.26) 2 (1.82) 28 (28.3)
L. gasseri 3 (2.63)

Clostridiaceae Clostridium spp. 1 (1.05) 1 (1.11) 7 (6.86) 9 (7.89) 7 (6.36) 19 (19.2)
C. perfringens 15 (15.8)
Ruminococcus 3 (2.63)
Eubacterium spp. 5 (4.39)
Bacillus spp. 4 (4.04)

Staphylococcaceae Staphylococcus 2 (2.11) 3 (2.63)
Streptococcaceae Streptococcus 2 (2.11) 16 (17.78) 17 (16.67) 3 (2.63) 1 (0.91)
Enterococcaceae Enterococcus 3 (3.16) 14 (15.56) 13 (12.75) 3 (2.63) 3 (2.72) 2 (2.02)

High G�C, gram positive Fusobacteriaceae Fusobacterium prausnitzii 5 (4.39)
Bifidobacteriaceae Bifidobacterium spp. 1 (1.11)

Proteobacteria (gram negative) � Ochrobacterium 1 (1.05)
� Alcaligenes 4 (4.21)

A. faecalis 1 (1.05)
ε Campylobacter 5 (5.26)
� E. coli 2 (2.11)

Cytophaga/Flexibacter/Bacteroides Bacteroidaceae Bacteroides spp. 3 (2.63) 1 (1.01)
Unknown bacteria 2 (2.11) 5 (4.39) 4 (3.60) 4 (4.04)

Total 95 90 102 114 110 99
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usually cultured, and the abundance of gram-positive bacteria
has been confirmed by microscopic examination (19). Our
data, generated by molecular detection, corroborated the cul-
ture-based results in that lactobacilli predominated in the small
intestine (with smaller numbers of streptococci and enterobac-
teria), whereas the cecal flora is composed mainly of anaerobes
and fewer numbers of facultative bacteria (6). Salanitro et al.
(46) enumerated anaerobic bacteria from the ilea and ceca of
14-day-old chicks and showed that the predominant cultured
flora of the ileum included Lactobacillus (33.8 to 59%), Strep-
tococcus (8.9 to 16.8%), E. coli (14.7 to 33%), and eubacteria
(9 to 24.3%), while eubacteria (60.6%) and Bacteroides (12.8)
dominated the flora of the cecum. Our findings were similar,
with Lactobacillus and Streptococcus accounting for 62.7 and
12.2% of the microflora, respectively. However, we detected
many species of Clostridiaceae in both the ileum and cecum,
while the abundance of proteobacteria was fairly low. Barnes
et al. (6) and Salanitro et al. (46) also observed that the mi-
crobial community structure varies with age. Our studies not
only confirmed this microbial succession in young chicks, but it
also indicated that the microbial community structure was
fairly stable during the period of rapid skeletal growth (14 to 28
days of age) and then had a significant change during the
period of significant weight gain at the end of the grow-out (49
days). The unique microbial community at 3 days of age sug-
gests that the early bacterial community is relatively transient
and is replaced by a stable bacterial community later in life.
However, broiler chickens are harvested as juvenile birds, as
puberty begins at about 210 days (30 weeks) of age; therefore,
the bacterial community of a 49-day-old broiler reflects that of
a relatively young bird.

Although there are limitations of molecular methods such as
PCR in providing accurate quantitative measurements of the
actual composition of a microbial community (15, 54), recent
studies of the chicken intestine have produced remarkably
similar results. Gong et al. (19) used a combination of culture,
16S rDNA libraries, and 16S rDNA terminal restriction frag-
ment length polymorphism analysis to characterize the bacte-
rial community of the ceca of 6-week-old (42 days) broiler
chickens that were fed a corn-soy diet without growth promot-
ers. The most abundant groups comprising the libraries were
the low-G�C gram-positive bacteria (Clostridium and Rumi-
nococcus) and Fusobacterium praunitzii (19). Zhu et al. (62)
reported similar results, using 16S rDNA libraries and temper-
ature gradient gel electrophoresis to study the floras of broiler
chickens fed a corn-soy diet that contained animal protein and
an anticoccidial compound. Clostridia were the dominant
group; however, they reported that 40% of their library se-
quences were related to Sporomusa or enteric bacteria related
to the �-proteobacteria, such as E. coli. Similar studies have
focused on the small intestinal microflora and illustrate that
lactobacilli are abundant (27, 57).

Recent molecular approaches have revealed that the com-
position of the microbiota varies with different diets, feed ad-
ditives (4, 27, 62), and probiotics (39). The microfloras of our
birds, which were fed a vegetarian diet lacking growth-promot-
ing antibiotics and antiparasitic agents, contained more clos-
tridia and Bacillus-Lactobacillus-Streptococcus than those re-
ported by Zhu et al. (62). However, we did not detect
sequences related to the Sporomusa group, Actinomyces, or

Atopobium, and our libraries contained few sequences related
to the �-proteobacteria that were so abundant in the Zhu
study. It is possible that PCR bias contributed to the differ-
ences in the findings; differences in PCR conditions have been
shown to inaccurately reflect the abundance of some genera
(11). Differences in universal bacterial primer sequences can
also bias the abundance (11), but Gong et al. (19) used the
same primer sets that were used by us and Zhu et al. (62),
suggesting that diet may have been the main contributor to the
differences in microbial community among the investigations.
Unfortunately, we are unable to provide relevant comparisons,
because the study by Zhu et al. (62) contains limited informa-
tion relating to the composition of the chickens’ diets, while
the study by Gong et al. (19) contains limited information
relating to the abundance of the bacterial flora.

Numerous studies of the intestinal microbiota of humans
(53, 60), pigs (43), mice (12), termites (40), and chickens (62)
have contributed novel 16S rRNA sequences to GenBank.
Regardless of animal species, there is a clear demarcation in
microbial composition within the gastrointestinal tract (28). In
chickens, there are clear differences in the carbohydrate com-
position of glycoproteins and glycolipids that adorn the epithe-
lial cells lining the gastrointestinal tract (1). The microorgan-
isms that occupy these niches have evolved the ability to utilize
various unique polysaccharides present in mucin and the gly-
colipids and glycoproteins that adorn the epithelial cells lining
the gastrointestinal tract. Microbial composition may therefore
reflect the host’s unique carbohydrate composition of mucins,
glycolipids, and glycoproteins and the coevolution of lectins
and glycosidases that allow the bacteria to adhere to these
substrates and to liberate sugar for metabolism (29, 36, 45, 48).
This demarcation within the gastrointestinal tract also reflects
the different physiological functions within this organ system
and coevolution of the microorganisms with their animal host,
producing microbial processes that serve to promote a healthy
gastrointestinal tract (25, 42, 55, 56, 61). It is therefore not
surprising to find the same genera or species occupying the
same niche in the gastrointestinal tract, regardless of animal
host, especially when the physiological function is similar
among animal species. We identified several 16S rDNA se-
quences from chickens with identity to gastrointestinal micro-
flora sequences from other animal species, including humans
(22, 43, 58). However, we also identified several clones from
our 16S rDNA libraries that exhibited the highest identity to
sequences from bacteria isolated from chickens or chicken
litter. These results suggest that host animals may have co-
evolved with unique strains of bacteria that have adapted to
utilizing polysaccharides unique to the animal host (13). Stud-
ies have shown that fecal bacteria from animals can be differ-
entiated on the basis of ribosomal operon sequencing, ribotyp-
ing, or amplified fragment length polymorphism analysis (10,
16, 21, 59). Additional studies using molecular typing tech-
niques should reveal a host of relevant data concerning source
point contamination, microbial evolution, microbial symbiosis,
and effect of diet and other host factors on microbial commu-
nity structure.
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