AGRICULTURAL BIOLOGY, ISSN 2412-0324 (English ed. Online)
2015, V. 50, Ne 6, pp. 817-824

(SEL’SKOKHOZYAISTVENNAYA BIOLOGIYA) ISSN 0131-6397 (Russian ed. Print)
ISSN 2313-4836 (Russian ed. Online)

UDC 636.52/.58:636.084.415:579.64 doi: 10.15389/agrobiology.2015.6.817rus
doi: 10.15389/agrobiology.2015.6.817eng

TAXONS OF CHICKEN CECUM MICROBIOM ARE ABUNDANT,
AND INFLUENCED BY THE COMBINED FEED COMPOSITION
AND DECREASED METABOLIZABLE ENERGY

L.A. ICINAL, E.A. YILDIRIM], I.N. NIKONOV!, V.A. FILIPPOVA!, G.Yu. LAPTEV!,
N.I. NOVIKOVA!, A.A. GROZINAZ?, T.N. LENKOVAZ2,
V.A. MANUKYAN?2, V.I. FISININZ2, I.A. EGOROV?

1 Biotrof+ Ltd, 7-N, 8, lit. A, Malinovskaya ul., St. Petersburg, 196602 Russia, e-mail ilina@biotrof.ru;
2All-Russian Research and Technological Poultry Institute, Federal Agency of Scientific Organizations, 10, ul.
Ptitsegradskaya, Sergiev Posad-11, Moscow Province, 141300 Russia, e-mail fisinin@vnitip.ru

Acknowledgements:

Supported by Russian Science Foundation, the project «Modern understanding of gut microflora in poultry de-
pending on feed composition: molecular and genetic approach» Noe 14-16-00140

Received July 24, 2015

Abstract

Currently the processed sunflower products as the cheapest source of vegetable protein are
considered an alternative to soybean cake and meal in the poultry diet. However, in sunflower meal
the energy value is lower, lysine rate is less than required, and the level of non-starch polysaccha-
rides not digestible in poultry gut because of absence of specific enzymes (i.e., amylases, cellulases,
etc.) are rather high. Digestion of these components is possible due to microbial enzymes. Gut con-
tent is detained in the poultry caecum for the longest time, wherein the basic processes of microbial
proteolysis, and cellulose and starch destruction are performed. Using modern molecular methods of
NGS-sequence analysis and real-time PCR, we investigated the number of bacteria and the structure
of bacterial community in cecum of 36-day-old Cobb 500 broiler chickens fed with diets containing
soybean meal or sunflower meal. Contrary to traditional view, the composition of caccum microbiom
was very abundant and divers, and included the obligate gut microflora (Clostridiaceae, Eubacteri-
aceae, Lactobacillaceae, Bacteroidetes) and non-identified taxons. Moreover, the typical gut micro-
organisms (i.e., enterococcus, bifidobacterium) were minor and the pathogenic bacteria of genera
Camphylobacter sp., Staphylococcus sp. were not detected. Our results first characterized in detail
the caecum microbiome as influenced by the combined factors such as specific composition and de-
creased metabolizable energy in feed. This study showed that the feed containing 25 % sunflower
meal caused a 14.7-fold increase in total number of bacteria while the number of phylum Bacter-
oides amylolytics was 1.4-times lower, the family Clostridiaceae was 1.2-times less abundant and the
cellulosolytics families Ruminococcaceae and Lachnospiraceae were 1.16-times and 1.48-times de-
pressed, respectively, thus indicating limitations in the metabolism of hydrolysable components and
cellulose in the poultry gut. Moreover, the obligate bacterial intestinal flora changed in number. Par-
ticularly, there were a 3.04-fold increase in genera Lactobacillus sp., a 1.5-fold increase in order Ba-
cillales, 3-fold decrease in genera Bifidobacterium sp. and 10-fold decrease in genera Enterococcus
sp. Also the bacterial number in genera Escherichia sp. was found to be 55-fold lower, and families
Sutterellaceae and Erysipelotrichaceae, including species that might cause disbiotic diseases, were
depressed 2.5 times and 1.8 times, respectively. Moreover, our research showed that the changes in
the cecum bacterial community due to the sunflower meal containing feed depressed the chickens’
performance. Thus, the weight of 36-day-old chickens (males and females) was the highest in the
control group not fed with sunflower meal (2142.01+45.40 g) compared to the experimental poultry
(2017.04£53.30 g) in which the feed consumption increased by 13 %.

Keywords: microflora of cecum, chicken, performance in broilers, bacterial community,
NGS-sequencing, real-time PCR.

Sunflower processing products in poultry diets as the cheapest source of
vegetable protein attracts arttention of many experts. However, the disadvantages
of such feed should be considered. In particular, compared to soy meal, sun-
flower meal not only has a lower energy value (139-209 kcal per 100 g) and con-
tains 1.5 % less lysine than required for poultry, but also contains a substantially
greater amount of non-starch polysaccharides, mainly cellulose, hemicellulose,



pectins and lignin [1, 2]. Note, poultry is not capable of independent digestion
of non-starch polysaccharides due to lack of the necessary enzymes (amylases,
cellulases, etc.). Digestion of these components is only possible due to microbial
enzymes, and therefore it is difficult to overestimate the role of microorganisms
in poultry digestion. Along with nutrient cleavage to available products, they fur-
ther provide poultry with many essential nutrients, e.g. proteins, hormones, vi-
tamins, compounds possessing antibiotic properties, etc. [3-6].

Microbiology of digestion is very complex and poorly understood [7-9]
which, in particular, explains the relevance of the research of poultry intestine
under different diets. Most of the available information about this microflora was
obtained using classical microbiological methods, according to which the basis a
community is made up with bifidobacteria, streptococci, lactobacilli, lactate fer-
menting bacteria, eubacteria, bacteroides and enterobacteria [3, 10, 11], but, ob-
viously, a substantial part of the gastrointestinal tract (GIT) microorganisms are
the uncultured species [12].

Contemporary molecular genetic techniques open unique opportunities
to study the microbiota composition. Up to 140 bacterial genera were found in
poultry intestine, of which 10 % only have been identified by bacterial 16S
rRNA gene, and the other ones belong to new species and, possibly, genera [13-
15]. Resolution and performance of PCR analysis and NGS sequencing (next
generation sequencing) provide reliable information about all the changes in the
intestinal microbiome due to the effects of certain factors [16]. Despite the wide-
spread use of these methods to study of numbers and taxonomic diversity of mi-
crobes in the human intestine [17, 18], there are only a few reports on poultry.
In particular, they relate to the GIT microbiome state in poultry infected by
pathogenic bacteria Campylobacter jejuni [19, 20] due to the effects of coccidio-
stats [21] and in relation to the productivity [22, 23].

In this study, using NGS-sequence analysis and real-time PCR, we
demonstrated that, contrary to the traditional understanding, cecum microbiome
in broilers has an abundant and diverse taxonomic structure and includes both
obligate gut microflora and unidentified taxa, while enterococci and bifidobacte-
ria occupy a minor position in the community, and the typical pathogens are
completely absent. For the first time, a detailed characterization was given to the
changes in the structure of cecum microbiome in broilers as influenced by sun-
flower meal, which resulted in a production decrease.

The purpose of this study was to investigate the features of the cecum
bacterial community in broiler chickens fed with diets containing soybean meal
or sunflower meal.

Technique. Experiments were conducted in the «Zagorsk Experimental
Farm of VNITIP» vivarium in 4 groups of Cobb 500 chickens (35 similar in live
weight specimens per group). Chickens were fed with the combined feed of the
nutritional value recommended by the Research and Technological Poultry Insti-
tute (VNITIP) [1]. A compound feed (VNITIP) without sunflower meal (con-
trol) and with 25 % sunflower meal (EFKO, Russia) was introduced in the diets
of 21-day old chickens, with a 4.88 kcal/100 g decrease in the metabolizable en-
ergy and a 1.01 % decrease in the raw protein. Weight of chickens was estimated
at days 21 and 36 by individual weighing, and feed consumption was recorded by
daily registration of the given feed and the residue according to conventional
techniques [24]. Collection of cecum content for molecular genetic studies was
performed in 6 chickens (3 specimens from each group) at slaughter in the age
of 36 days in strict compliance with sterility [25].

Total DNA was isolated from the samples using Genomic DNA Purifi-
cation Kit (Fermentas Inc., Lithuania) according to manufacturer's recommen-



dations. Composition and structure of bacterial populations were estimated by
NGS sequencing. Amplification was performed using a Verity device (Life Tech-
nologies Inc., USA) and 343F/806R primers (5-CTCCTACGGRRSGCAGC-
AG-3' and 5-GGACTACNVGGGTWTCTAAT-3), flanking a 16S rRNA V3-
V4 gene region. Sequencing was performed using a MiSeq system (Illumina Inc.,
USA) with MiSeq Reagent Kit v3 (Illumina Inc., USA) according to manufac-
turer's recommendations. To process 2%X300 bp reads and estimate taxonomic af-
filiation of DNA sequences up to the genus, a CLC Bio GW 7.0 bioinformatics
platform (Qiagen N.V., Netherlands) was used. Real-time PCR to account for
the total number of bacteria was performed using a DT Lite-4 amplifier (LLC
NPO DNA Technology, Russia) with the Reagents for RT-PCR in the presence
of intercalating EVA Green stain Kit (Syntol, Russia) and Eub338/Eub518 (5'-
ACTCCTACGGGAGGCAGCAG-3 and 5-ATTACCGCGG-CTGCTGG-3")
primers, in the following regime: 3 min at 95 °C; 40 cycles including 13 sec at
95 °C, 13 sec at 57.6 °C, 30 sec at 72 °C.

Mathematical and statistical processing was performed using Microsoft
Excel 2010.

Results. In this study, we focused on the cecum microbiome, as it is
known that the intestine content remains here for the longest time, and the basic
processes of microbial proteolysis and cellulose and starch cleavage take place in
cecum [26, 27]. The results confirmed the unequal impact of the test diets on
the microbiome structure.

With the taxonomic analysis of DNA sequences, their significant propor-
tion (7.1720.28 % in control, 7.91+0.37 % in the experiment) could not be at-
tributed to any known taxon (Table 1). This has been reported previously [12-15],
which indicates a complete lack of the knowledge about the existence of these
taxa, and therefore of the attempts to study them. Based on the results of the
analysis, the identified bacteria were assigned to five phyla. In cecum, the repre-
sentatives of phylum Firmicutes and families Ruminococcaceae (19,81+0,97 %)
and Clostridiaceae (23,06+1,19 %) having amyloid and cellulolytic enzymes and
of phylum Bacteroidetes (29,60+1.49 %) with amylo- and proteolytic activity
were predominant. Our results confirmed the data of several authors who have
demonstrated by NGS sequencing predominance of phylum Firmicutes [19, 21]
and genera Clostridium and Bacteroides bacteria [23] in broiler cecum. At the
same time, our results are contrary to other reports which indicated the domi-
nance of the phylum Proteobacteria representatives [22]. Probably, some varia-
tions in the analysis of poultry cecum microflora by NGS sequencing may be
due to the differences in the study 16S rRNA gene region and instrument base,
and to other factors such as climatic conditions, sanitary hygienic environment,
diet, use of antibiotics, poultry age and cross [19, 21].

1. Number and proportion of bacterial taxa in the cecum of 36 day-old Cobb 500
broilers depending on the diet (X*x, «Zagorsk Experimental Farm of VNITIP»
vivarium, 2015)

Parameter |Gr0up I (control, n = 3) | Group II (n=3)
Total number of bacteria, eq. genomes/g of content 3.4x109+1.6x108 5.0x1010+1.4x 109
Taxon frequency, %
phylum Bacteroidetes 29.60+1.49 21.13+0.95*
genus Bacteroides sp. 18.50%+0.93 16.62+0.83*
genus Alistipes sp. 10.6210.52 4.39£0.20*
unclassified Rikenellaceae 0.39%0.02 0.10£0.01*
phylum Firmicutes 58.4812.94 68.95+2.75*
unclassified Firmicutes 6.5510.34 5.8410.04*
class Clostridia 42.12+2.01 35.49+1.77*
unclassified Clostridia 0.55+0.13 0.6610.03
unclassified Clostridiales 7.53%£0.36 9.35+0.34*

family Clostridiaceae 23.06+1.19 19.43+0.87*



Continued Table 1

genus Clostridium sp. 7.4710.33 5.15+0.22*
genus Butyricicoccus sp. 3.25+0.15 1.36£0.06*
genus Flavonifractor sp. 0.90+0.04 0.22+0.01*
genus Pseudoflavonifractor sp. 0.73£0.03 0.57£0.02%
genus Oscillibacter sp. 0.60£0.03 0.10£0.00%
family Ruminococcaceae 19.81+0.97 17.1410.84*
unclassified Ruminococcaceae 13.0510.64 11.1320.50*
genus Faecalibacterium sp. 5.98%0.29 5.14£0.22*
genus Subdoligranulum sp. 0.40+0.02 0.36%0.02
genus Ruminococcus sp. 0.29£0.02 0.17£0.01*
family Eubacteriaceae 0.14£0.02 0.16£0.01
family Lachnospiraceae 1.12£0.05 0.76%0.04*
genus Lactobacillus sp. 8.8010.43 26.79+0.65*
genus Enterococcus sp. 0.10£0.00 0.01£0.00%
order Bacillales 0.29%0.01 0.45%0.02*
family Erysipelotrichaceae 0.47%0.02 0.19£0.01*
phylum Actinobacteria 0.60£0.03 1.27+0.05%
genus Bifidobacterium sp. 0.18£0.01 0.06£0.00*
family Coriobacteriaceae 0.42+0.02 0.51£0.02%
phylum Proteobacteria 4.14£0.21 0.74+0.03*
genus Escherichia sp. 2.77£0.12 0.05+0.00%
family Sutterellaceae 0.59%0.03 0.33%+0.11*
genus Bilophila sp. 0.30£0.01 0.06£0.01*
phylum Tenericutes (genus Anaeroplasma sp.) 0.01£0.00 -
unclassified sequences 7.171£0.28 7.91£0.37*

Note. In the groups I and II the basic diet was fed without sunflower meal and with 25 % of sunflower meal
(with a 4.88 kcal/100 g decrease in the metabolizable energy and a 1.01 % decrease of raw protein), respectively. A
dash means that the number of microorganisms was below the limit of reliable quantification by NGS sequencing.

* Differences with the control are significant at p < 0.05.

Other bacteria with cellulose- and amylolytic properties belonging to
families Lachnospiraceae (1.12+£0.05 %) and Eubacteriaceae (0.14+0.01 %)
were fewer (Table 1). Earlier, the Lachnospiraceae and Ruminococcaceae bac-
teria were thought to inhabit the rumen of ruminants only [4]. In addition,
due to the high sensitivity of NGS sequencing, representatives of genera Al-
istipes and Faecalibacterium, the producers of short chain fatty acids, were
identified; before this, researchers could not detect these bacteria using other
molecular genetic methods [28]. The proportion of Escherichia sp. was also
low (2.77£0.12 %) which was not consistent with the traditional view on
them as typical inhabitants of poultry intestines [4].

We found a high proportion of obligate representatives of poultry GIT
belonging to genus Lactobacillus (8.8010.4 3%) that are able to compete and
supersede pahogens due to the synthesis of organic acids and bacteriocins [3]. It
should be noted that some researchers have identified a considerable percentage
of genus Lactobacillus [23] representatives in cecum.

Other bacteria of family Bifidobacteriaceae and genus Enterococcus sp.
with similar properties were in minority (less than 1 %) in the community,
which is also not consistent with traditional concepts. The bacteria belonging to
phyla Actinobacteria, Tenericutes, families Erysipelotrichaceae, and Sutterella-
ceae were also in minority. Interestingly, other obligate inhabitants of poultry
GIT microflora, such as lactate fermenting (Selenomonas sp., Megasphaera sp.)
and typical pathogenic species (Campylobacter sp., Staphylocossus sp.) that in-
habit GIT, were not found in the studied chickens' cecum.

Supplementing broiler feed with 25 % of sunflower meal resulted in a
14.7-fold increase in the total number of bacteria (Table 1). Soluble non-starch
polysaccharides are known to be capable of increasing chyme viscosity and form-
ing insoluble polymer matrix which prevents the even mixing of the digestive
mass, thereby reducing the intensity of wall digestion [29]. Therefore, the less
intense movement of the content of poultry GIT facilitated the accumulation of
bacteria and, accordingly, an increase in their total number.

In the cecum microbiome in group II broiler chickens the proportion of



phylum Bacteroidetes sp. and family Clostridiaceae bacteria which usually have
starchy polysaccharide cleavage enzymes (amylase, etc.) decreased significantly,
i.e. 1.40 and 1.20 times, respectively. In addition, the percentage of cellulolytics,
that is Ruminococcaceae and Lachnospiraceae families also decreased 1.16 times
and 1.48 times, respectively. Thus, the increase in the content of non-starch
polysaccharides in the diet resulted in a decrease in the number of bacteria
with amylo- and cellulolytic properties, indicating a decrease in metabolic ac-
tivity of hydrolysable components and feed fiber.

Also, a discrepancy between our results and the traditional assertion that
a high content of non-starch polysaccharides in animal feed and, consequently,
slower movement of the intestinal contents contribute to the growth of the num-
ber of pathogenic and other undesirable microorganisms was revealed. On the
contrary, our findings suggest the opposite effect. Under supplementing diet with
25 % of sunflower meal, there was a significant 1.80-fold decrease in the propor-
tion of infectious pathogens belonging to family Sutterellaceae, a total number
of family Erysipelotrichaceae decreased 2.50 times, and the persentage of genus
Escherichia sp., among which the species capable of causing disbiotic viola-
tions in macroorganisms can be found, decreased 55 times (Table 1). More-
over, the diet supplemented with sunflower meal increased the percentage of
obligate representatives of poultry intestinal normal flora (i.e. lactic acid bacte-
ria of genus Lactobacillus increased 3.04-fold and bacilli of order Bacillales in-
creased 1.50-fold), that are usually capable of antagonistic displacement of
pathogenic species due to the synthesis of organic acids and bacteriocins [3].
At the same time, a significant decrease was observed in the proportion of
other bacteria with similar properties that were found in cecum in minority, in
particular, the genera Bifidobacterium sp. number decreased 3 times and En-
terococcus sp. decreased 10 times.

Productivity of broiler chickens studied was associated with the changes
in the structure of the bacterial cenosis (Table 2). The highest productivity values
were observed in the group where the diet of chickens was not supplemented
with sunflower meal.

2. Dynamics of productivity in Cobb 500 broiler chickens depending on the diet
(X%x, «Zagorsk Experimental Farm of VNITIP» vivarium, 2015)

Parameter | Group I (control, n = 35) |Gr0up II (experiment, n = 35)
Preservation, % 100.0 97.1
Live weight, g:
1-day-old 44.0010.20 44.0010.17
21-day-old 870.00+20.40 875.00+19.75
36-day-old 2142.00+45.40 2017.00+53.30*
including
male chickens 2380.00+34.42 2261.00+36.12*
female chickens 1904.00+27.92 1773.00+34.17*
Average daily weight gain, g:
day 1 to day 36 58.30+2.30 54.81£2.19*
during the experiment (days 22-36) 84.80+3.12 76.13+£2.14*
Feed consumption, kg:
total 3.44%0.15 3.69£0.12
during the experiment (days 22-36) 2.25%0.10 2.28+0.08
Feed spending, kg:
days 1-36 1.6410.04 1.87+0.06*
days 22-36 1.7740.07 2.00+0.10*

Note. Groups I and II: basic diet without sunflower meal and with 25% of sunflower meal with a 4.88 kcal/100
g decrease in the amount of metabolizable energy and a 1.01% of raw protein decrease.
* Differences with the control are significant at p < 0.05.

Thus, by the NGS sequencing and PCR analysis, we first demonstrated
that, contrary to traditional ideas, cecum microbiocenosis in broiler chickens
was characterized by abundant and diverse taxonomic structure and included
both obligate poultry gastrointestinal tract (GIT) representatives (families Clos-



tridiaceae, Eubacteriaceae, Lactobacillaceae, phylum Bacteroidetes), and a num-
ber of unidentified taxa. A generally accepted understanding was also contra-
dicted with our findings on the minority position of enterococci and bifidobac-
teria in the community and on the absolute lack of typical pathogenic poultry
GIT microorganisms (Camphylobacter sp., Staphylocossus sp.). Supplementing
chicken diet with 25 % of sunflower meal resulted in a change in the number
and structure of cecum microbiome and was associated with a significant re-
duction of poultry productive qualities. The use of molecular techniques (NGS
sequencing and real-time PCR) makes it possible to perform a detailed analysis
of the microbial population structure, its dependence on feeding and to study
the microbiology of digestion considering it as a factor of stability, viability and
productivity in poultry.
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