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Introduction

The digestion of plant material and subsequent con-
version for energy requirements to the host ruminant 
are performed through a complex symbiotic relation-
ship of microbiota within the rumen (Mackie 1997). 
The composition and proportion of microorganisms are 
influenced by external factors, such as diet, feeding fre-
quency, age, geographical location and ruminant-host 
interaction (Hungate 1966). Bacteria are considered 
to be the most important for the biological degrada-
tion of dietary fibers due to their fibrolytic activity 
and biomass in the rumen. Although fibrolytic spe-
cies such as Fibrobacter succinogenes, Ruminococcus 
albus and Ruminococcus flavefaciens play a key role in 
plant fiber degradation (Forsberg et al., 1997), positive 
interactions between them and non-fibrolytic bacte-
ria such as Selenomonas ruminantium and Treponema 
bryantii have been reported (Kudo et al., 1987). In an 
early study, the synergism between R. flavefaciens and 

S. ruminantium was suggested as enhancing propionate 
production (Scheifinger and Wolin 1973). Sawanon and 
Kobayashi, (2006) reported that fiber digestibility and 
propionate production significantly increased in cocul-
ture of R. flavefaciens and S. ruminantium compared to 
mono-culture of R. flavefaciens. These findings indicate 
that non-fibrolytic bacteria may also be important to 
facilitate plant fiber degradation in the rumen. There-
fore, non-fibrolytic bacteria as well as fibrolytic bacteria 
should be monitored in order to estimate overall con-
tribution of bacteria to ruminal fiber digestion.

India possesses more than 50% of world’s buffalo 
population; Indian buffaloes produce more than 60% 
milk in India (Kumar et al., 2007). Surti is a popular 
breed of buffalo found in central Gujarat state. The Surti 
buffaloes are of medium size and docile temperament 
and body weight 350 to 375 kg at maturity. 

Increased knowledge concerning the rumen fibro-
lytic and non fibrolytic bacterial population will allow 
insight into the fiber-digestion capabilities of ruminant 
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A b s t r a c t

In the milk industry in India, buffalo breeds are most commonly used for milk production. Efficiency of fiber digestion in ruminants is 
critical for animal productivity. Bacteria play an important role in fiber digestion and utilization. Absolute quantification real-time PCR was 
used to quantify ten bacterial species in rumen fluid of Surti buffalo fed green fodder, dry roughage and compound concentrate mixture. 
Abundance of each target taxon was calculated as a fraction of the total 16S rRNA gene copies in the samples, using taxon-specific prim-
ers. Bacterial populations showed a clear predominance of Ruminococcus albus, which comprised 5.66% of the bacterial rRNA gene copies 
in the samples. However, only 0.9% to 4.24% of the bacterial rRNA gene copies were represented by the ruminal Fibrobacter succinogenes, 
Ruminococcus flavefaciens and Prevotella species. The proportion of rRNA gene copies attributable to Selenomonas ruminantium, Strepto-
coccus bovis, Ruminobacter amylophilus, Treponema bryantii and Anaerovibrio lipolytica was even less abundant, each comprising < 0.11% 
of the bacterial rRNA gene copies. The data suggest that the aggregate abundance of the most intensively studied ruminal bacterial species 
is relatively low and that a large fraction of the uncultured population represents a single bacterial genus.
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animals. Our animals mainly sustain on crop residues, 
the bacterial population is expected much different 
than that of HF cattle. However, very limited research 
has been conducted in Indian buffalo with regard to 
the ruminal microbial population using molecular 
techniques. Therefore, this study was conducted to 
determine the population size of rumen bacteria in 
Surti buffalo by real-time PCR assays fed green fodder 
Napier bajra, pasture grass (Dichanthium annulatum), 
and compound concentrate mixture.

Experimental

Materials and Methods

Animals, diet and collection of rumen fluid. The 
experiment was carried out on three adult Surti buf-
faloes reared at the Department of Animal Nutrition, 
College of Veterinary Science and A.H., Anand. All 
the animals were maintained under uniform feeding 
regime for minimum 30 days. The diet was consisting of 
green fodder Napier bajra 21 (Pennisetum purpureum), 
mature pasture grass (Dicanthium annulatum) and 

compound concentrate mixture (20% crude protein, 
65% total digestible nutrients). Animals were offered 
10 kg green fodder, 6 kg dry fodder and 2.0 kg of con-
centrate mixture once a day. All Animals were let loose 
daily for 2 hrs morning and evening, during which they 
had free access to drinking water. Samples of rumen 
liquor (about 500 ml) were collected at 4 hrs, 8 hrs and 
24 hrs after feeding by a suction pump using a flexible 
stomach tube (Khamapa et al., 2006). 

DNA extraction and PCR amplification of 16S 
RNA genes. Total DNA was extracted separately by 
using a commercially available kit according to the 
manufacturer’s instructions (QIAGEN Stool kit; QIA-
GEN, CA). The total DNA mixture was used as a tem-
plate in PCR to amplify 16S rDNA. The target DNA of 
total bacteria, bovine bacteroides, fibrolytic and non 
fibrolytic bacteria were amplified from the metagen-
omic DNA, as described previously by (Muyzer et al., 
1993; Layton et al., 2006; Tajima et al., 2001; Koike and 
Kobayashi 2001).

Preparation of standard plasmid for real-time 
PCR assays. After the confirmation of a single band of 
the correct size with respective pair of primers (Table I) 

Total bacteria	 P1-CCTACGGGAGGCAGCAG	 60	 194	 (Muyzer et al., 1993)
	 P2-ATTACCGCGGCTGCTGG
Bacteroides (bovine)	 P1-GAAG(G/A)CTGAACCAGCCAAGTA	 57	 100	 (Layton et al., 2006)
	 P2-GCTTATTCATACGGTACATACAAG

Fibrolytic bacteria
Fibrobacter succinogenes	 P1-GGTATGGGATGAGCTTGC	 60	 446	 (Tajima et al., 2001)
	 P2-GCCTGCCCCTGAACTATC
Ruminococcus albus	 P1-CCCTAAAAGCAGTCTTAGTTCG	 60	 175	 (Koike and Kobayashi, 2001)
	 P2-CCTCCTTGCGGTTAGAACA
Ruminococcus flavefaciens	 P1-GGACGATAATGACGGTACTT	 55	 295	 (Koike and Kobayashi, 2001)
	 P2-GCAATC(CT)GAACTGGGACAAT
Prevotella bryantii	 P1-AGTCGAGCGGTAAGATTG	 68	 540	 (Tajima et al., 2001)
	 P2-CAAAGCGTTTCTCTCACT
Prevotella ruminicola	 P1-GGTTATCTTGAGTGAGTT’	 53	 485	 (Tajima et al., 2001)
	 P2-CTGATGGCAACTAAAGAA

Non-fibrolytic bacteria
Anaerovibrio lipolytica	 P1-TGGGTGTTAGAAATGGATTC	 57	 597	 (Tajima et al., 2001)
	 P2-CTCTCCTGCACTCAAGAATT
Ruminobacter amylophilus	 P1-CAACCAGTCGCATTCAGA	 57	 642	 (Tajima et al., 2001)
	 P2- CACTACTCATGGCAACAT
Selenomonas ruminantium	 P1-TGCTAATACCGAATGTTG	 57	 513	 (Tajima et al., 2001)
	 P2-TCCTGCACTCAAGAAAGA
Streptococcus bovis	 P1-CTAATACCGCATAACAGCAT	 57	 869	 (Tajima et al., 2001)
	 P2-AGAAACTTCCTATCTCTAGG
Treponema bryantii	 P1-ACTGCAGCGCGAACTGTCAGA	 57	 412	 (Tajima et al., 2001)
	 P2-ACCTTACGGTGGCAGTGTCTC

Table I
Primers for real time PCR assay and PCR conditions

Target Primer Sequence (5’-3’) Annealing
temp. (°C)

Product size
(bp) Reference
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on an agarose gel, the PCR products were excised from 
the gel. The PCR products were purified using the 
Qiagen gel Purification Kit (Qiagen, CA), and then 
ligated into pTZR57T/A cloning vector (Fermentas, 
UK). The ligated products were transformed to com-
petent Escherichia coli DH5 alpha cells by heat shock. 
Plasmids were purified from positive clones using 
a  QIAprep spin miniprep kit (Qiagen, Valencia, CA, 
USA), and the plasmids containing the correct insert 
were screened out by PCR amplification with respec-
tive primer sets. The concentration of the plasmid 
was determined with a Nanodrop spectrophotometer. 
Copy number of each standard plasmid was calcu-
lated using formula; Copy No/µl = Concentration of 
plasmids (gm/µl) × 6.022 × 1023/length of recombinant 
plasmid (bp) × 660, (660 = Molecular weight of nucleo-
tide base, 6.022 × 1023 = Avogadro’s number). Ten-fold 
dilution series ranging from 109 to 10 copies were pre-
pared for each target. Real-time PCR was performed 
with ABI system (ABI 7500). The Qiagen DNA Master 
SYBR Green I was used for PCR reaction. The opti-
mal amplification conditions for each primer set were 
obtained with 10 mol each primer with the combination 
of annealing temperature shown in Table I. The 10-fold 
dilution series of the standard plasmid for the respec-
tive target was run along with the corresponding sam-
ples in duplicate. The copy numbers of 16S rRNA genes 
of targeted microorganisms were calculated using the 
following equation: (QM × C × DV) / (S × V), where QM 
was the quantitative mean of the copy number C was 
the DNA concentration of each sample, DV was dilu-
tion volume of extracted DNA, S was the DNA amount 
(ng) subjected to analysis and V was rumen fluid vol-
ume subjected to DNA extraction. In the reaction for all 
standard, nearly perfect linear regressions (r2 = 0.9930 
to 0.9995), intercept (31.26 to 44.78) and slope (–3.2 to 
–4) were obtained between threshold cycle and quanti-
ties of standard for all targets and data generated from 
the reaction were used for further analysis. 

Results and Discussion

In the present study, we assessed the rumen bacte-
rial species, using real-time PCR assays. The results of 
qualitative PCR detection of fibrolytic bacteria and non 
fibrolytic bacteria are given in figure 1. Real-time PCR-
based quantification of representative rumen bacteria 
have been also reported in other rumen ecology studies 
(Ozutsumi et al., 2006).

Quantitation of total bacteria, fibrolytic and non 
fibrolytic bacteria. Table I shows the population sizes 
of total bacteria and the target species in Surti buffalo 
rumen. Total bacteria and bovine bacteroides were 
detected at 5.8 × 109 copies and 3.1 × 108 per ml ruminal 

fluid after 4 hrs incubation in the rumen and increased 
to 5.9 × 109 and 3.2 × 108 copies per ml ruminal fluid 
at 24 hrs respectively. Among the fibrolytic bacteria, 
R. albus was most abundantly detected (3.0 × 108 cop-
ies/ ml of rumen fluid accounting 5.66% of 16S r RNA 
gene copies after 24 hrs and followed by R. flavefaciens 
(2.5 × 108 copies/ml of rumen fluid, corresponding 
to 4.24% of 16S r RNA gene copies (Table II). In non 
fibrolytic bacteria, Streptococcus bovis (5.3 × 106cop-
ies/ml of rumen fluid) and Selenomonas ruminan-
tium (1.1 × 106copies/ml of rumen fluid) was detected, 
accounting for 0.11% and 0.025% of 16S r RNA gene 
copies at 24 hrs (Table  II). The population size of all 
fibrolytic and nonfibrolytic bacterial species were sig-
nificantly higher 24 hrs after feeding except S. ruminan-
tium, R. amylophilus and T. bryantii.

To our knowledge, no previous study has reported 
the population size of rumen microbes of Indian buf-
falo, particular in the Surti buffalo rumen. In the present 
study, our observation indicates that a large number of 
bacteria were present in the ruminal fluid. Because each 
bacterial species has a different copy number of 16S 
rRNA gene (ranging from 1 to 15; (Klappenbach et al., 
2001), this is comparable to the level of rumen bacteria 
counted by microscopy in the literature (Hungate, 1966).

The present results among fibrolytic bacteria revealed 
that R. albus, R. flavefaciens and F. succinogenes are a core 
member of bacteria, playing a significant and impor-
tant role in the digestion of fiber rich diet. R. albus 
was most dominant (3.0 × 108 copies/ml of rumen 
fluid) among the three species, followed by R. flavefa-
ciens (2.5 × 108 copies/ml of rumen fluid) and F. suc-
cinogenes (1 × 108 copies/ml of rumen fluid). Similarly, 
Ozutsumi et al., (2006) reported that the numbers of 
R. albus (log10 8.3 + 6.3 per ml) and R. flavefaciens (log10 
8.8 + 7.9 per ml) were higher than F. succinogenes (log10 

Fig. 1. Qualitative PCR detection of fibrolytic bacteria and non-
fibrolytic bacteria. Lane: 1, Ruminococcus albus; 2, Fibrobacter 
succinogenes; 3, Ruminococcus flavefaciens; 4, Ruminobacter amy-
lophilus; 5, Streptococcus bovis; 6, Prevotella bryantii; 7, Anaerovi-
brio lipolytica; 8, Prevotella ruminicola; 9, Selenomonas ruminan-
tium; 10, Treponema bryantii; 11, Total bacteria; 12, bacteroides; 

Lane M, DNA size marker.
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7.7 + 6.8 per ml) in the unfaunated cattle rumen fed 
66% Sudan grass hay and 34% concentrate mixture. 
However, Wanapat and Cherdthong (2009) reported 
that F. succinogenes was the major cellulolytic bacterium 
of rumen digesta in the swamp buffalo and was present 
2.65 × 109 to 3.54 × 109copies/ml in ruminal fluid. Koike 
and Kobayashi (2001) also reported that F. succinogenes 
was the major cellulolytic bacteria of rumen digesta in 
sheep and present at only 0.1% of total population and 
that ruminococci were relatively minor. The scarcities 
of the two ruminococci were surprising, considering 
that they were representative cellulolytics (i.e. rumi-
nal densities ranging from 0.1% (Stahl et al., 1998) to 
6.6% (Briesacher et al., 1992) for F. succinogenes, and 
from 1.3% to 2.9% for Ruminococcus ssp . (Krause et al., 
1999). Ruminal prevotella are known to possess oligo-
saccharolytic and xylanolytic activities and to occupy 
the ecological niches of the second line degraders. The 
density of P. ruminicola was 0.97% of total bacteria at 
24 hrs (Table II). The quantity of P. bryantii was little 
low demonstrating opposite kinetics, suggesting its role 
in starch degradation. Dominance of Prevotella and low 
abundance of classical ruminal bacterial species have 
been also reported by Stevenson and Weimer, (2009) 
in the bovine rumen.

Non-fibrolytic bacteria such as S. ruminantium and 
T. bryantii were detected in the fiber-associated com-
munity, using comparative 16S rRNA gene analysis 
(Koike et al., 2003). The present study quantitatively 
confirmed the nonfibrolytic bacteria to fed green fod-
der Pennisetum purpureum and Dichanthium annula-
tum (Table II). In particular, S. bovis S. ruminantium 
and Ruminobacter amylophilus had the highest pro-
portion among the non fibrolytic bacterial species 
assessed in the present study. This finding suggests the 

fiber-attachment ability of S. ruminantium. Minato and 
Suto (1978) indicated that some of the non-fibrolytic 
bacteria possessed the ability to attach to cellulose at a 
similar extent to that of fibrolytic bacteria. In addition, 
non-fibrolytic species such as Selenomonas ssp. and 
Streptococcus ssp. were isolated from plant cell mate-
rial in rumen digesta (Cheng et al., 1984). Attachment 
of non-fibrolytic bacteria to green fodder may be medi-
ated by glycocalyces (Minato et al., 1993), which are 
commonly found in rumen bacteria during their colo-
nization in plant cell wall (Cheng et al., 1980). These 
reports support the non-fibrolytic bacteria in ruminal 
fluid of Surti buffalo as observed in the present study. 
In such a relationship, fibrolytic bacteria provide the 
hydrolyzed product from cellulose to non-fibrolytic 
bacteria, while non-fibrolytic bacteria indirectly facili-
tate fiber degradation by preventing the accumulation 
of bacterial metabolites such as succinate and cellodex-
trins (Wolin et al., 1997). Utilization of cellodextrins 
from cellulose hydrolysis is crucial in further fiber 
digestion (Russell 1985), because celluloses are highly 
sensitive to feedback inhibition by cellobiose, which is 
confirmed in F. succinogenes (Maglione et al., 1997). In 
the present study, the population sizes of S. bovis and 
S. ruminantium in fluid were greater than those of the 
other non-fibrolytics (Table II). After 24 hrs ruminal 
incubation, they were estimated to be 0.11 and 0.025% 
of total bacteria, respectively (Table II). This result indi-
cates that these two species were more numbers and it 
is known that S. bovis and S. ruminantium are able to 
utilize hydrolysis product of polysaccharide such as cel-
lodextrins and maltodextrins for their growth (Cotta, 
1992). Therefore, S. bovis and S. ruminantium in rumen 
might grow by utilizing the maltodextrins released dur-
ing starch degradation (Nouaille et al., 2005). 

Total bacteria	 5.8 × 109	 4.5 × 109	 5.9 × 109	 –	 –	 –
Bovine bacteroides	 3.1 × 108	 2.3 × 108	 3.2 × 108	 –	 –	 –
Ruminococcus albus	 1.37 × 108	 7.3 × 107	 3.0 × 108	 2.36	 1.62	 5.66
Fibrobacter succinogenes	 7.2 × 107	 2.8 × 106	 2.5 × 108	 1.24	 0.06	 4.24
Ruminococcus flavefaciens	 3.5 × 107	 2.8 × 107	 1.0 × 108	 0.60	 0.62	 1.72
Prevotella bryantii	 2.5 × 103	 1.6 × 103	 1.0 × 104	 0.000043	 0.000036	 0.000017
Prevotella ruminicola	 3.6 × 107	 4.2 × 107	 5.7 × 107	 0.62	 0.93	 0.97

Non fibrolytic bacteria
Streptococcus bovis	 1.2 × 104	 7.4 × 103	 6.3 × 106	 0.00021	 0.00016	 0.11
Selenomonas ruminantium	 9.5 × 105	 9.5 × 105	 1.5 × 106	 0.016	 0.021	 0.025
Ruminobacter amylophilus	 1.6 × 106	 2.2 × 106	 1.6 × 106	 0.028	 0.049	 0.0034
Treponema bryantii	 1.9 × 105	 3.2 × 105	 1.3 × 105	 0.0033	 0.0071	 0.0022
Anaerovibrio lipolytica	 2.7 × 103	 8.0 × 103	 9.9 × 103	 0.000047	 0.00018	 0.00017

Table II
Distribution of microbial population size and proportions of total bacteria to ruminal fluid of Surti buffalo

Targets
Copy of target DNA/ml of ruminal fluid % Total 16S r RNA gene

24 hrs8 hrs4 hrs24 hrs8 hrs4 hrs
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Treponema ssp. are a commonly detected bacterial 
group in the rumen that are involved in the degrada-
tion of soluble fibers. Bekele et al., (2011) also reported 
high level of treponema group in sheep rumen samples. 
Moreover, this fact strongly highlights the importance 
of non-fibrolytic bacteria for fiber digestion. Culture-
independent molecular studies clearly indicate an abun-
dance of uncultured bacteria, protozoa and archaea in 
the rumen (Shin et al., 2004). The sum of proportions 
of 10 representative bacterial species was calculated to 
be 12.73% of total bacteria. This result strongly sug-
gests the significance of uncultured bacteria in plant 
fiber degradation. Therefore, it is necessary to perform 
quantitative determination of the community structure 
of rumen microbes including the uncultured microbes 
and also to cultivate such microbe.

In conclusion, major representative groups of rumi-
nal microbes covering fibrolytic and non-fibrolytic bac-
terial communities were detected. Results revealed that 
R. albus was the most dominant fibrolytic among the all 
detected fibrolytic species. Non-fibrolytic S. bovis and 
S. ruminantium were also detected with abundance 
in rumen fluid. The high magnitude of non-fibrolytic 
group on the plant fiber suggests the development of 
mutual relationships between fibrolytic and non-fibro-
lytic bacterial communities. Present study indicates that 
rumen system of Surti buffalo is harbours the diverse 
group of microbial communities with high population 
densities.
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