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Abstract
Microbial colonisation in the forestomach of a ruminant is one of the most crucial factors in determiningmany of its physiological
developments and digestive capabilities. The present study attempts to identify establishment pattern of microbes in relation to
food, age and rumen development in the buffalo calves at every fortnight interval from birth to 6 months of age, followed by
every month till animals became 1 year of age. Diversity study based on 16S rRNA gene sequencing identified rapidly changing
bacterial population during initial 60 days of life, which got assemblage as rumen became physiologically mature with increasing
age of animals. A lactate fermenting aerobic to facultative anaerobic genera found during initial 30 days of life were expeditiously
replaced by strict anaerobic cellulolytic bacterial population with increasing age. The study confirms that initial colonisation
mainly depends on the oral cavity and skin of the mother, followed by the surrounding environment and feed offered, which is
reversed in order once animal gets older. Some of the well-described genera based on culture-dependent studies like
Ruminococcus spp. were found to be in lesser proportion suggesting an additional role of other microbes or niche in cellulose
degradation. We report the presence of Porphyromonas spp. and Mannheimia glucosidal for the first time in bovine infants.
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Introduction

The mammalian body is accommodating more than 1000 bil-
lion microorganisms, with digestive tract solely nurturing
more than 70% of these commensal microbes responsible
for health and productive performance. In an adult bovine,
the rumen is an important site of anaerobic fermentation exe-
cuted by the partially characterised complex group of anaero-
bic microbiota mainly consisting of bacteria followed by pro-
tozoa, archaea and fungi (Jami et al. 2014). Physiological

development of functional rumen, capable of digesting plant
material is a unique process which runs parallel with microbial
colonisation process, especially during early phase of life.
During the initial 3–4 weeks of life, when the calf is mainly
ingesting milk through sucking, the rumen is rudimentary and
does not participate in digestion as a result of closure of the
esophageal groove by reflex action (Van Soest 1994). As per
most accepted scientific research, foetuses are sterile in utero
in most of the mammals (Tissier 1900), rumen bacterial colo-
nisation also begins at birth and is extremely important for the
physiological development of fully functional rumen capable
of anaerobic fermentation (Connor et al. 2013; McCann et al.
2014). In tropical subcontinents like India, water buffalo
(Bubalus bubalis) contributes 55% of total milk production
of the country and is one of the most important livestock
animals. The classical culture-dependent research concluded
that, a group of bacteria having cellulolytic capability shows
their presence in the first week of age itself and gradually
occupy a major portion of total community by the end of the
first month (Dehority 1991; Fonty et al. 1983; Hungate et al.
1964). Very limited study to identify rumen microbial diver-
sity has been done using culture-independent methods. Avery
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limited number of studies have been done to understand and
identify establishment pattern of ruminal microbes in bovines,
that too with different animals of different age groups raising a
question of genotype dependent bias in the establishment of
rumen microbiome (Jami et al. 2013; Li et al. 2012; Rey et al.
2014). For many years, the 16S rRNA genes were used as the
primary tool for identifying bacterial diversity in many niches
(Ghattargi et al. 2018; Land et al. 2015). It would be fascinat-
ing to understand the initial competitive inhibition between
aerobic, anaerobic and facultative anaerobic bacteria to estab-
lish themselves in rumen. On that account, we aimed to study
establishment pattern of rumen bacterial community using
genotype as well as culture-independent next generation se-
quencing (NGS) based amplicon sequencing of hypervariable
regions of 16S rRNA gene in buffalo calves from birth to
1 year of age.

Materials and methods

Animal, location and diet

Ten male calves of Surti breed of buffalo (Bubalus bubalis)
with birthweight of 34 kgweremaintained frombirth to 1 year
of age at Animal Nutrition Research Centre, College of
Veterinary Science and Animal Husbandry, Anand
Agricultural University, Anand, Gujarat, India (22.535634
N, 72.972544 E) from March, 2015 to February, 2016. All
animal ethics guidelines were followed and complied as per
permission (IAEC 525-2015) from Ethical Committee norms.
Whole experimental protocols were approved by same
Institutional Animal Ethics Committee, Anand Agricultural
University, Anand, Gujarat, India. Calves were maintained
separately avoiding contact from other adult animals except
his mother. For the first week of life, calves were allowed to
suck colostrum from mother without any additional feeding.
From second week, pelleted concentrate (CP 18%; EE 3%;
fibre 22%; starch 38% on a dry matter basis) and hay (CP 8%;
EE 1.0%; fibre 60% on a dry matter basis) in addition to
colostrum were given as feed. Each calf had free access to
feed as well as deep well water of drinking quality. No dis-
eases were noted during the experiment except few sporadic
incidence of loose faeces which got cured without any
treatment.

Sample collection from rumen

Rumen liquor samples from each calf were collected 2 h post
feeding at 15 days interval from 1 day to 6 months and there-
after, 30 days interval till 1 year of age. The initial five sam-
plings were done using two-way Foley’s catheter of 14 Fr size
followed by subsequent collections using sterile stomach tube
with vacuum pump. Samples were immediately transferred to

three centrifuge tubes of 50 ml capacity and immediately
processed as described previously (Jami et al. 2013). Two
millilitres of sample having both liquid and solid particles
was processed for DNA extraction and remaining samples
were stored at − 80 °C.

DNA extraction and 16S rRNA gene amplicon
sequencing using MiSeq

Metagenomic DNA was isolated from 2 ml of rumen liquor
having solid particles within it. In the first step, samples were
shaken vigorously to dissociate bacteria attached to solid ru-
minal particles followed by centrifugation at 250 rpm to sed-
iment out debris. The supernatant was collected carefully and
further used for mechanical lysis. The same material was sub-
jected to genomic DNA extraction using the QIAamp DNA
Stool Mini Kit (QIAGEN GmbH, Germany) as per the man-
ufacturer’s instructions with slight modifications as suggested
by (Zened et al. 2013). The DNA was eluted in 50 μl of TE
buffer (10 mM Tris-HCl, 1 mM EDTA) and stored at − 80 °C
for further use. The quantitative and qualitative evaluation of
DNA was done using Nanodrop-1000 spectrophotometer
(Thermo Fisher Scientific, MA). The same procedure was
repeated separately for the rest of the samples on the day of
sample collection itself. All ten samples belonging to the same
age group were pooled in equimolar concentration before pro-
cessing further. This was done to minimise cost as well as to
minimise bias of sampling procedure. Thus, a total of 19 sam-
ples were processed in downstream sequencing protocols. The
primer pair covering V3–V4 regions of 16 s rRNA gene was
used for amplification (Supplementary Table 1). The PCR
reaction mixture, conditions and PCR purification were done
using procedure described by (Rey et al. 2014) in 25 μl reac-
tion mixture with 10 ng of metagenomic DNA. PCR products
were subjected to 2.0% agarose gel electrophoresis. Bands of
expected size were excised and purified using MinElute PCR
Purification Kit (Qiagen GmbH, Germany). Further, libraries
were prepared using Nextera XT DNA Library Preparation
Kit (Illumina Inc., CA) for sequencing as described by the
manufacturer’s library preparation protocols. The final puri-
fied libraries were diluted to 4 nm, denatured and mixed with
PhiX (about 30% of final DNA amount) and sequenced on the
MiSeq desktop sequencer (Illumina) (2 × 300 run) at the
Centre of Excellence in Biotechnology, AAU, Anand,
Gujarat, India.

Metagenomics data analysis

Illumina-generated sequence reads were analysed through
open source online server Metagenome Rapid Annotation
using Subsystem Technology (MG-RAST) version 4.0
(Meyer et al. 2008). Briefly, low-quality regions were trimmed
by SolexaQA (Cox et al. 2010). Good quality sequences were
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uploaded to MG-RAST (http://metagenomics.anl.gov/) under
deposition numbers 4569530.3 to 4569537.3 for further
analysis. A range of alpha diversity parameters were
estimated using statistical software Paleontological Statistics
(PAST) using Bray-Curtis distance measure method. We cal-
culated alpha-diversity (observed species, Chao1 estimator of
richness and Shannon’s diversity index) and beta-diversity
(PCoA, UniFrac) matrices and the rarefaction curve was gen-
erated from a number of reads for each sample against the
observed species. Shannon’s index, which is a measure of
microbial richness, was estimated along with Berger-Parker
and Chao1 indices, to determine the taxonomic diversifica-
tion. Simpson’s index was used to ascertain the uniform dis-
tribution of taxon within the sample. Taxonomic profiling for
community structure was done based on 16S rRNA gene se-
quences from the metagenomic sequence using the Best Hit
Classification function and the RDP database (Ribosomal
Database Project classifier) available on MG-RAST server
and TSV table generated was used for further analysis. The
default parameter of min. e-val. of 1e-5; min. ident. of 97%;
and a min. align. len. of 15 bp were used as cut-off for
metagenomic analysis. Partial least square-discriminant anal-
ysis (PLS-DA) was performed using METAGENassist in or-
der to undermine the variation in distribution pattern among
samples (Arndt et al. 2012) after normalisation of data be-
tween all the samples. Further, comparative analysis for taxa
for each sample was performed using Statistical Analysis of
Metagenomic Profiles (STAMP) software package (Parks
et al. 2014). PCoA analysis was also performed through
STAMP for phylum, genera and species in order to determine
the variation between taxonomic profiles among different
samples.

Results

The aim of this study was to unveil establishment pattern of
bacterial community in rumen of Indian buffalo (Bubalus
bubalis). For the first time in any scientific study, we analysed
19 samples of rumen liquor from calves from birth to 365 days
of age using culture-independent V3–V4 hypervariable re-
gions of 16S rRNA analysis. A repeated sampling of same
calves was done till 1 year of age to avoid individual variation
affecting the microbial composition. A total of 2,524,745 se-
quences (average 132,882 reads per sample) comprising of
683,174,542 bp were obtained after sequencing all 19 pooled
samples using MiSeq 2 × 300 bp chemistry (Supplementary
Table 2).

The overall number of OTUs identified based on V3–V4
regions of 16S rRNA analysis reached 7451 with 97% nucle-
otide sequence identity between reads as a cut-off value. The
highest number of OTUs observed is 553 (15 days) and the
lowest is 228 (90 days). The adequacy of reads generated for

each sample was estimated through rarefaction curve at MG-
RAST server (Supplementary Fig. 1). All of the samples re-
vealed an exhaustive sampling suggesting availability of suf-
ficient reads for identification of all the bacteria present in
these samples (Table 1). High values of Simpson’s index in-
dicate an unequal distribution of phenotypes within the sam-
ples without predominance of any particular taxa. However,
evenness of taxonomic units was comparatively lower in few
samples as revealed by Simpson’s index (Table 1). The higher
value of Berger-Parker index in almost all samples further
confirms the dominance of a few genera over the others.
Shannon’s diversity index and Fisher diversity revealed a
higher alpha diversity in all 19 samples. In addition, higher
number of singletons and doubletons indicating rare OTUs
were observed in all the samples as explained byChao-1 index
[minimum 266.6 (90 days) and maximum 767 (45 days)].

A total of 11 phyla with more than 1% abundance were
identified in the samples. Among all these, Bacteroidetes,
Firmicutes and Proteobacteria and unclassified bacteria were
detected as dominant phyla irrespective of age group, though
their ratio and abundance among all samples varied substan-
tially (Supplementary Fig. 2). To estimate the beta diversity
between the samples collected at different days of age, the
principal coordinates analysis was performed. The score plot
of all the 19 samples is shown (Fig. 1). The first three com-
ponents (PCs) accounted for 83.5%, 7.4% and 5.1% of the
variance, respectively. The closer positions of the samples
indicate similar microbial composition between them. Based
on distribution of variance in PCoA, it is evident that seven
groups consisting of 0 D, 15 D, 30 D, 45 D, 60–165 D, 180–
240 D and 270–360 D can be differentiated. During initial life
up to 90 days, Bacteroidetes is the most predominant phylum
followed by Firmicutes except the 0 D, where Proteobacteria
is next to Bacteroidetes in terms of abundance, whose abun-
dance significantly reduces from 15 D sample till the end of a
year. At the 15 days of age Bacteroidetes:Firmicutes ratio is
highest (10.06) which almost gets stabilised close to 1.0 after
60 days of age. Abundance of phylum Fibrobacter gradually
increased and reached at the highest level at approximately
300–360 days of age. Relative abundance of other phyla like
Planctomycetes and Cyanobacteria remained below 1%
abundance except for few samples like 165 D, 45 D and
105 D. Phylum Tenericutes remained at constant abundance,
around 2%, except for the first two stages of 0 D and 15 D.
Verrucomicrobia phylum remained fairly constant after
90 days of age (Supplementary Table 3).

A total of 43 and 17 genera were observed with > 1% and
> 5% relative abundance, respectively. The genera predomi-
nantly present among samples include unclassified bacteria,
Bacteroides, Porphyromonas, Prevotella, Fibrobacter,
Butyrivibrio and Ruminococcus. The genera which were ob-
served at > 1% relative abundance mainly include
Ruminobacter, Selenomonas, Treponema, Proteobacteria,
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Enterococcus, Acinetobacter and Alistipes (Supplementary
Fig. 3 and Supplementary Table 4) . The genus
Porphyromonas was highest in 0 D samples (40.12% rela-
tive abundance) and decreased gradually up to 45 D,
followed by rapid decrease in relative abundance among
the rest of the samples. The higher proportion of this genus
in initial life of the calf is mainly due to dominating pres-
ence of Porphyromonas cansulci, P. catoniae and
P. gingivalis. At 0 D of age, Mannheimia was the second
highest relative abundant (14.49%) genus which was sig-
nificantly reduced in the next stage of 15 D and gradually
disappeared as calf became older. The genus Prevotella
was found least in 0 D with 0.93% relative abundance,
increased gradually reached to maximum relative abun-
dance of 33.25% at 135 D. It remained the most dominat-
ing genus across all the age groups except in the initial
15 days of age. This genus marked its presence mainly
because of higher abundance of Prevotella ruminicola.
The genus Clostridium was observed significantly only at
45 D of age with relative abundance of 8.1%. Proportion of
the genus Ruminococcus increased gradually with age of
calves and found to be constant among all age groups. The
marked presence of genus Butyrivibrio was observed at
90 D and remained constant till 1 year of age. The genus
Streptococcus was significantly present only in 0 D and
suddenly disappeared to non-significant level of relative
abundance in other age groups. The genus Bacteroides
and Parabacteroides were significantly increasing from
0 D to 15 D of sampling followed by decrease to non-
significant level among the rest of the age groups (Fig. 2).

Depending upon the different types of genera present in
the samples, 54.8%, 18.0% and 9.2% variances are ex-
plained by PC1, PC2 and PC3, respectively in principal
component analysis. Based on this, seven distinct groups
can be illustrated following the same pattern as described
for the phyla (Supplementary Fig. 4). Fold change of

different genera indicated continuous increase in genus
Butyrivibrio and Lachnospiraceae whereas decrease in
Prevotella and Ruminococcus with development of rumen
in calves (Fig. 3). Based on genus composition of samples,
it can be very well defined that bacterial population takes
significant shift at 15 D, 30 D and 45 D. After 60 days it is
more or less stable at later age. Only 6.3% genera are com-
mon between the first four groups, whereas 47.1% genera
are common in the last three groups comprising of 15 sam-
ples of different ages (Fig. 4).

A total of 76, 43 and 23 bacterial species found at > 1%,
> 3% and > 5% relative abundance were observed across
all the age groups. The predominant species found at first
sampling includes, Mannheimia glucosidal, uncultured
delta proteobacterium, Acinetobacter spp., Streptococcus
suis, Streptococcus mutans, Clostridium ultunense,
Porphyromonas cansulci and Porphyromonas levii. Most
of them except Clostridium ultunense decreased signifi-
cantly during 15 D sample. The day 15 samples were dom-
inated by Parabacteroides goldsteinii , Prevotella
n i g r e s c e n s , B a c t e r o i d e s s p p . , B a c t e r o i d e s
thetaiotaomicron, Bacteroides barnesiae, Bacteroides
tectus and Bacteroides fragilis. A significant species level
change was again witnessed during 30 D where bacterial
population shifted to Riemerella spp. IPDH 9890,
Akkermansia muciniphila , Prevotella ruminicola ,
Prevotella buccae, Prevotella veroralis, Prevotella
melaninogenica, Prevotella loescheii, Prevotella stercorea
and Prevotella baroniae. One more bacterial shift was ob-
served in 45 D with predominant bacterial species like
Prevotella multisaccharivorax, butyrate producing bacteri-
um SS34, Paraprevotella clara, Pedobacter heparinus and
Acetivibrio cellulolyticus. After 2 months of age, the bac-
terial population got more stabilised till 1 year of change
with marked presence of species like Fibrobacter
succinogenes, Prevotella ruminicola, Prevotella buccae,

Fig. 1 PCoA analysis of phylum
level bacterial composition of
ruminal samples taken at different
ages. PC1, PC2 and PC3 together
explain 96% of total variation at
phylum level composition. It is
clearly defined to make seven
different groups showing different
bacterial composition from all 19
samples collected at different ages

Funct Integr Genomics (2019) 19:237–247 241



uncu l tu red rumen bac te r ium, Acidaminococcus
fermentans, Acetivibrio cellulolyticus, Anaeroplasma
abactoclasticum, Alkaliphilus transvaalensis, Butyrivibrio
f ibrisolvens , Ruminococcus gnavus , Bacteroides
cellulosolvens, Ruminococcus flavefaciens, Butyrivibrio
hungatei, Gloeobacter violaceus, Prevotella bergensis,
Ruminobac t e r amy loph i l u s , Prevo t e l l a brev i s ,
Ruminococcus bromii, Lachnospiraceae bacterium A4,
Ruminococcus albus and uncultured proteobacterium
(Fig. 5, Supplementary Table 6). It was observed that ini-
tial samples were having presence of aerobic to facultative
anaerobic organism which rapidly turned in to marked
presence of predominant obligate anaerobic species.

Discussion

The main objective of this experiment was to study the
establishment pattern of rumen microbiota by analysing
the microbial population in relation to different age groups
in buffaloes. To understand this, we have collected rumen
samples at every fortnight interval till 6 months of age and
at monthly interval till 1 year of age. Based on V3–V4
amplicon analysis of 16S rRNA for accessing presence of
bacterial species, initial days of sampling showed dynamic
changes in community structure till 60 days of age (Mackie
2002; McCann et al. 2014). These may be due to dietary
transitions during initial age of life happening with

Fig. 3 Fold changes of taxa at
genus level between different age
groups. The Y axis denotes the
log-scale fold change occurring
within the genus specified on the
X axis. Only taxa that were shared
by all animals within at least six
groups are shown

Fig. 2 Genus level composition.
Colour-coded bar plot showing
the relative abundance of each
genus at different age groups
sampled at > 1% relative
abundance. X axis represents the
genus level bacterial composition
and Y axis represents relative
abundance of particular genus at
different age group sampled
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Fig. 5 Species level composition. Colour-coded bar plot showing the
relative abundance of each species at different age groups sampled at >
1% relative abundance. X axis represents the species level bacterial

composition and Y axis represents relative abundance of particular
species at different age group sampled

Fig. 4 Shared genera across different age groups. Venn plot showing the
shared and unique genera found in two divisions (i) 0 D, 15 D, 30 D and
45 D and (ii) 60–165 D, 180–240 D and 270–360 D plotted groups. Only
taxa at > 1% relative abundance at genus level are plotted. The

parenthesis indicates percent value for respective divisions. (For details
of genus please see Supplementary Table 5). Figure at bottom shows three
leading genera of each group of sampling
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development of functional rumen from pre-ruminant stom-
ach. Even though diet remained the same after 4 months of
age, the less profound bacterial community shift was ob-
served at 180 D and 270 D indicating that, microbial pop-
ulation in rumen was also dependent on age and other
physiological factors and independent of diet, which are
in line with similar observations reported in cattle by many
group of researchers (Jami et al. 2013; Koenig et al. 2011).
We observed greater density and diversity of microbes in
age groups above 60 days which mainly includes
Prevotella multisaccharivorax , Butyrivibrio spp.,
Ruminococcus spp., Bacteroides cellulosolvens, and
Lachnospiraceae bacterium, (Malmuthuge et al. 2015) as
compared to early age groups which were dominated by
restricted niche which mainly includes initial colonisers
like Streptococcus spp., Porphyromonas spp., as well as
Bacteroides spp., Prevotella spp. and Akkermansia
mucinphila. The similar type of establishment pattern was
also observed in pre-ruminant stomach of other bovines
(Fanaro et al. 2003; Jami et al. 2013) as well as human
infants (Conroy et al. 2009; Jost et al. 2012).

We observedBacteroidetes, Firmicutes and Proteobacteria
as dominant phyla with considerable variations among all age
groups. The phylum Bacteroideteswhich was highest in 15 D
age, mainly due to genus Bacteroides and Porphyromonas,
significantly reduced thereafter and replaced by exclusive
presence of Prevotella genus. This change is possibly related
to change in diets from low-fibre, high-calorie which mainly
includes colostrum (high in protein, sugar and fat) to high-
fibre, low-calorie diet as calves advance in age; this is in ac-
cordance with other research groups (Koenig et al. 2011; Li
et al. 2012; Rey et al. 2014). Reduction in proportion of phy-
lum Bacteriodetes to Firmicutes as well as notable increase in
genus Firmicutes were not observed till 30 D age, which was
followed by sudden increase in proportion thereafter mainly
due to increase in genus Butyrivibrio and Ruminococcus. This
initial presence of genus can be attributed to Streptococcus
bovis which is mainly responsible for digestion of milk-rich
diet and lactate production favouring colonisation of other
lactate-utilizers with increase in rapidly fermentable carbohy-
drates in diet. The similar observations were also reported in
cattle (Drackley 1999; Hernandez-Sanabria et al. 2012) and
human infants (Bergstrom et al. 2014; Ley et al. 2008a) during
initial colonisation of gut microbiome. The phylum
Proteobacteria was found highest in 0 D sample with highest
proportion of Mannheimia spp., Acinetobacter spp. (Li et al.
2012), and Deltaproteobacteria spp., which almost get obso-
lete after a month of age.

At the very first day of age, the bacterial community
was mainly composed of Porphyromonas gingivalis,
P. cansulci and other members of this genus as well as
Mannheimia glucosidal, uncultured delta proteobacterium,
Acinetobacter spp., Streptococcus bovis and S. mutans.

Most of them are natural habitat of mammalian gingiva,
oral cavity or skin. These observations again showed con-
cordance with hypothesis suggested by many groups of
researchers that, initial microbes colonising mammalian
gut are mainly derived from mother’s tongue, colostrum,
skin and surrounding environment (Curtis and Sloan 2004;
Ley et al. 2008b; Naeem et al. 2014; van Nimwegen et al.
2011; Zilber-Rosenberg and Rosenberg 2008). Bacterial
community shifted from aerobic and facultative anaerobic
initial gut coloniser to strict anaerobic organisms like
Fibrobacter succinogenes , Prevotella ruminicola ,
Clostridium aldrichii, Butyrivibrio fibrisolvens and others
with increased age (Jami et al. 2013; Rey et al. 2014).

Once again, the culture-independent method proven to
be superior to culture-dependent method enabling depic-
tion of true diversity of organisms. In our study, we iden-
tified many well-described species based on cultural stud-
ies belonging to genera Ruminoccocus, Escherichia,
Fusobacterium , Streprococcus , and Lactobacillus
(McCann et al. 2014; Stevenson and Weimer 2007) al-
though with very low level of abundance suggesting im-
portant role of ‘microbial niche of both cultivable and non-
cultivable organisms’ in rumen digestion. Thus, culture-
independent method is an indispensable tool to estimate
the actual diversity of rumen microbiome.

As reported in many companion experiments, Prevotella
has emerged out as dominant bacterial species in the rumen
under all dietary variations (Koenig et al. 2011; McCann et al.
2014; Rey et al. 2014). The maximum abundance of
Prevotella was found at around 30 days of age where forage
and concentrate gradually got incorporated in the diet. As
Prevotella genus has been shown to produce propionates
(O’Neill et al. 2011; Strobel 1992), we can assume that, shift
in diet form milk to forage and grain around 30 to 45 days of
age resulted in increased production of butyric and propionic
acids with increased blood flow to the ruminal papillae and
epithelium, in turn stimulation of vascular budding and epi-
thelial cell proliferation (Hoover andMiller 1991;Matsui et al.
2000). Thus, increase in Prevotella can be correlated with
rumen maturation where it gradually becomes capable of
digesting grasses and grains after 60–90 days of age. We re-
ported Prevotella ruminicola, Prevotella brevis, Prevotella
loescheii, Prevotella stercorea, Prevotella baroniae and
Prevotella buccae in our study but we could not detect two
culturally well-defined species i.e. Prevotella bryantii and
Prevotella albus (Avgustin et al. 1997; Bekele et al. 2010) in
our study. This could be due to highly varied genetic diver-
gence of Prevotella strains, low abundance in samples or da-
tabase selected for analysing our data.

In accordance with the other experimental evidences, we
also observed a negative correlation between Bacteroides spp.
and Prevotella spp. from 15 D to 360 D of age but not at 0 D
age. The relative presence of both was negligible at the time of
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birth, and it could be because of the absence of these bacteria
in aerobic surrounding environment or at the prenatal anaero-
bic environment of the buffalo uterus (Scholtens et al. 2012).
The similar age-related difference in bacterial genus colonisa-
tion was also reported in cattle as well as other mammals
(Malmuthuge et al. 2015). Considering all these, we can con-
clude that Bacteroides spp. colonise faster and better after
60 days, once ruminal papillae become mature under effect
of propionate produced by Prevotella spp.

In contrast to the report (Jami et al. 2013) of early presence
of cellulolytic bacteria like Fibrobacter succinogenes and
Ruminoccous albus at first day of life in bovines, we could
not find significant proportion of these organisms in our ex-
periment till 45 days of age i.e. in pre-ruminant stomach non-
capable of digesting cellulose. Instead of that, we reported
noticeable presence of Mannheimia glucosida, a facultative
anaerobic bacterium, predominantly encountered in upper re-
spiratory tract and oral cavity of ruminants (Lau et al. 2015;
Poulsen et al. 2006) at 0 D with other bacterium like
Porphyromonas spp. and Streptococcus bovis. Jami et al.
(2013) also reported presence of a lactose fermenter and starch
utilizer at 1 to 3 days of age similar in line with our report.

Conclusions

The present study constitutes the first ever report on establish-
ment of rumen microbiota in buffalo calves from day old to
1 year of age, analysed in context with available dietary and
physiological parameters. In addition, this is the first experi-
ment of its kind, where same calves were reared from birth to
1 year of age. Based on our study, we are in agreement that, a
combination of both cultural dependent and independent ap-
proach is required to identify less abundant microbes from
rumen to aid our understanding of rumen microbiome estab-
lishment. Greater resolution achieved through next-generation
sequencing of 16S rRNA amplicon revealed dynamic micro-
bial composition up to 60 days of age which was gradually
stabilised with increasing age. The initial colonisation of aer-
obic and facultative anaerobic microflora from mother’s oral
cavity and surroundings of calves were gradually replaced by
strict anaerobic microbiota after 90 days of age. The bacterial
composition was most significantly influenced by the time of
cessation of milk feeding. We found correlations between
type of feed offered to animals and microbial composition
available in our analysis; which mainly includes lactose
fermenters and butyrate-producing genera in early life
followed by cellulolytic bacterial genera in well-matured
rumen after 90 days of age. Further studies defining inter-
action between microbiota and host in relation to other
physiological parameters like VFA production, digestion
efficiency, growth rate, and measurement of emission gas
will improve understanding of this dynamic community, its

pattern of establishment and a scope of possible modifica-
tion for efficient utilisation of feed in the future.
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