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Abstract: A quantitative real-time PCR approach was used to determine the population densities of major
ruminal cellulolytic bacterial species (Fibrobacter succinogenes, Ruminococcus albus and Ruminococcus
favefaciens) in rumen fluid and digesta of swamp buffalo (Bubalus bubalis). Four rumen-fistulated, male swamp
buffalo were randomly assigned according to a 4x4 Latin square design to evaluate the effect of Phaseolus
calcaratus Hay (PCH) supplementation. PCH contained 18.3% Crude Protemn (CP) and 2.8% condensed tannins.
Animals were given 0, 300, 600 and 900 g day™" as supplements. All animals were given ad libifum access to
rice straw while additional concentrate (12.6% CP) was given at 0.3% body mass and each period
lasted for 21 days. At the end of each period, rumen fluid and digesta was collected at 0, 4 h post morning
feeding. It was found that PCH supplementation increased these three cellulolytic bacteria F. succinogenes
between 2.5 and 5.5x10°, R. flavefaciens between 3.6 and 9.1x1(°, R. albus between 5.7 and 17.9x10°
copies mL ™" at 0, 300, 600 and 900 g day™' of supplementation, respectively. Moreover, at 4 h post-morning
feeding, the populations of the two cellulolytic bacteria were higher than those found at 0 h post-morning
feeding. It 18 most notable that R. flavefaciens and R. albus were the lughest in population n the rumen of
swamp buffalo, hence indicating lngh ability in utilizing high fibrous feeds.
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INTRODUCTION

Swamp buffaloes (Bubalus bubalis) are mnportant
contributors to meat, draft power, fuel and leather
production in meany developing countries and able to
utilize feed efficiently than cattle where the feed supply 1s
of low quality and the ability to recycle nitrogen to the
rumen. Thus, variations between cattle and swamp buffalo
1n the proportions and mumnber of rumen bacteria, protozoa
and fungal zoospores could attribute to the explanation of
differences in digestive capability due to fermentation
end-products available for absorption and utilization by
ruminants (Wanapat and Rowlinson, 2007). There are
abundantly available local feed resources for rummants
especially those raised in the tropics (Wanapat, 2008).
The complex symbiotic microbiota of the rumen is
responsible for breakdown of plant fiber, ability the
ruminal host ammal’s lack, This microbiota s highly
responsive to changes in diet, age, antibiotic use and the

health of the host ammal and varies accordng to
geographical location, season and feeding regimen
(Bryant, 1959, Hungate, 1966). However, tropical legumes
and browse also contain phenolics other than lignin
which limit the digestibility of cell wall carbohydrates and
proteins. The presence of tanmns m legumes and browse
species may also result in binding of proteins and thus
inhibit microbial attack and make them an alternative
source of by-pass protem to be evaluated as a
supplement for ruminant production systems i the
tropics. Therefore, anaerobic rumen fibrolytic bacteria,
protozoa and fungi degrade fibrous materials allowing
ruminants to utilize plant fiber for nutrition. Bacteria are
the most numerous of these microorgamisms and play a
major role in the biological degradation of dietary fiber.
Fibrobacter succinogenes, Ruminococcus albus and
Ruminococcus flavefaciens are presently recognized as
the major cellulolytic bacterial species found in the rumen
(Forster et al., 1997, Shinkai and Kobayashi, 2007).
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Recent advances in molecular biology techniques
allow the analysis of such bacteria without cultivation,
thereby identifying many functional but uncultured
bacteria as new targets for basic and applied research
(Kobayashi, 2006). Moreover, DNA-based methods offer
the option of storing samples until their analysis which
could be an mportant advantage under field conditions
(Castillo et af., 2006). The recent development of Real-time
PCR has been successfully used for quantifying protozoa
(Skillman et al., 2006, Sylvester et al., 2004), cellulolytic
fungl Demmen and McSweeney (2006) and cellulolytic
bacterial species (Koike and Kobayashi, 2001;
Koike et al., 2003, McSweeney and Denman, 2007).
Real-time PCR is an approach that allows continuous
monitoring of PCR product formation and techniques vary
according to the method of fluorescence generation.
Real-time PCR has the ability to enmumerate targeted
bacteria with high sensitivity Zimmermann and
Marnhalter (1996) and has been used to analyze various
environmental samples such as water (Leser ef al., 1995)
and rumen digesta (Reilly and Attwood, 1998). This
technicue is both reliable and simple to perform. Increased
knowledge concerming the rumen cellulolytic bacterial
population will allow insight mto the fiber digestion
capabilities of ruminant animals. Real-time PCR assay
development for the cellulolytic
species F. succinogenes, R. albus and R. flavefaciens was
reported by Koike and Kobayashi (2001). However, very
limited researches have been conducted in swamp
buffaloes with regards to ruminal bacterial population

rumen bacterial

using molecular techniques. The project was conducted
to study the effects of Phaseolus calcaratus Hay (PCH)
on cellulolytic ruminal bacterial populations in swamp
buffaloes using the real-time PCR techmque.

MATERIALS AND METHODS

Animals and sample collection: Four, rumen fistulated,
Thai-native swamp buffaloes (Bubalus bubalis) about
2.5 years old with 260410 kg body mass were randomly
assigned to receive four ratio of Phaseolus Calcaratus
Hay (PCH) supplementaticon (0, 300, 600 and 900 g day ™)
according to a 4x4 Latin square design. All animals were
given ad libitum access to rice straw while additional
concentrate (12.6% CP) was given at 0.3% body mass
(Table 1). All amumals were kept in individual pens and
received free choice of water and mineral lick-blocks. The
experiment was conducted for four periods each period
lasted 21 days. At the end of each period, rumen fluid and
digesta was collected at 0, 4 h post morning feeding by
hands through rumen fistulated buffaloes from the middle
part of the rumen and was stored at -20 for DNA

Table 1: Chemical composition of Rice Straw (RS), legume (PCH) and
concentrate mixture

ltemn Concentrate RS PCH

Ingredients, dry mater (%)

Cassava chip 63.0

Rice bran 15.0

Palm kernel meal 15.0

Molasses 3.0

Urea (46 %N) 1.0

Salt 1.0

Sulphur 1.0

Mineral mixture 1.0

Total 100.0

Chemical composition

DM (%) 88.6 93.0 89.6

In % of dry matter

Ash 5.7 14.6 10.6

CP 12.6 27 183

NDF 20.8 78.4 51.2

ADF 8.7 46.2 30.7

CT - 2.8

RS = Rice Straw, PCH = Phaseolus calcaratus Hay, DM = Dry Matter,
OM = Organic Matter; CP = Crude Protein, NDF = Neutral-Detergent.
Fiber, ADF = Acid-Detergent Fiber, CT = Condensed Tannins

extraction according to Yu and Morrisen (2004) techmque.
Feed chemical composition samples were dried at 60°C
and ground (1 mm screen using Cyclotech Mill, Tecator,
Sweden) and then analyzed for DM, ether extract, ash and
CP content (AQAC, 1990), NDF and ADF were determined
according to Goering and Van Soest (1970).

DNA extraction: Community DNA was extracted from
0.5 mL aliquots of rumen digesta by the RBB+C method as
described by Yu and Morrison (2004). In brief, the cell
lysis is achieved by bead beating in the presence of 4%
(w/v) Sodium Dodecyl Sulfate (SDS), 500 mM NaCl
and 50 mM EDTA. The buffer should also protect the
released DNA from degradation by DNases which are
very active in the rumen and gastromtestinal sample.
After bead beating most of the impurities and the SDS are
removed by precipitation with ammonium acetate and then
the nucleic acids are removed by precipitation with
isopropanal. Genomic DNA can then purified via
sequential digestion with RNase A and proteinase K and
the DNA was purified using columns from QIAgen DNA
Mim Stool Kit (QIAGEN, Valencia, CA).

Real-time PCR: The primers used for the real-time PCR
are as follows: primers for Fibrobactor succinogenes,
Fs219f (5'-GGT ATG GGA TGA GCT TGC-3') and Fs654r
(5'-GCC TGC CCC TGA ACT ATC-3') were selected to
allow amplification (446 bp product) of all 10 F.
succinogenes strains  deposited m  GenBank. For
Ruminococcus albus primers, Ral281f (5-CCC TAA AAG
CAGTCTTAG TTCG-3") and Ral 439r (5' CCT CCT TGC
GGT TAG AAC A-3) (175 bp product). Ruminococcus
Aavefaciens primers, Rf1 54f (5-TCT GGA AAC GGA TGG
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TA-3) and Rf425r (5'-CCT TTA AGA CAG GAG TTT
ACA A-3") were also selected to allow species-species
amplification (295 bp) of all seven R. flavefaciens strains
deposited in GenBank. All these primer sets were
previously published by Koike and Kobayashi (2001).
Real-time PCR amplification and detection were performed
using a Choromo4 detection system (Bio-Rad, Hercules,
CA). The reaction was conducted in a final volume
of 10 ulL containing the following: 5.1 pl. Quatimix EASY
SYG Kit (BIOTOOLS Band M Labs, S.A.), 0.408 pl. as a
forward primer, 0.408 uL as a reverse primer, 2.244 pL
distilled water and 2 uL of DNA solution of unknown
concentration. PCR conditions for FF. succinogenes were
as follows: 30 sec at 94°C for denaturing, 30 sec at 60°C
for ammealing and 30 sec at 72°C for extension (48 cycles),
except for 9 mm of denaturation m the first cycle and
10 min of extension in the last cycle. Amplification of 165
rRNA genes for R. flavefaciens and R. albus was carried
out similarly except at an annealing temperature of 55°C.
To determine the specificity of amplification, an analysis
of the product melting curve was performed after the last
each cycle of amplification.

A sample-derived standard was prepared from the
treatment pool set of commumty DNA instead of
amplifying the target genes from individual community
DNA samples and then pooling the PCR products. Then
the PCR product was purified using a QIA quick PCR
purtfication kit (QIAGEN, Inc, Valencia, CA) and
quantified using spectrophotometry. For each sample
derived standard, the copy number concentration was
calculated based on the length of the PCR product and
the mass concentration. Ten-fold serial dilutions were
made in Tri-EDTA prior to real-time PCR. In total, three
real-time PCR standards were prepared. The conditions of
the real-time PCR assays of target genes were the same as
those of the regular PCR described earlier. The Biotools
QuantiMix EASY SYG KIT (B and M Labs, 8. A., Spain)
was used for real-time PCR amplification. All PCRs were
performed in duplicate.

Statistical analysis: Statistical analyses were performed
using Proc GLM (Statistical Analysis Systems, 1996) mean
separations with a sigmificant (p<0.05) for treatments were
statistically compered using the Duncan’s New Multiple
Range Test (DMRT).

RESULTS AND DISCUSSION

External standards for real-time PCR were prepared
from a simulated rumen matrix. For each standard, linear
regressions derived from the threshold cyele [C(T)] of
each DNA dilution versus the log quality (Fig. 1) were
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Fig. 1. Standard curve obtained by plotting the logarithm
of the DNA concentration for F. succinogene (a),
R. favefaciens (b) and R. albus (c) vs. threshold
cycle (Ct) mean wvalues. The curve was
comstructed using data from all the eight triplicate
standards amplifications

calculated TLogarithms of the DNA concentration
{copies mL.~") were plotted against the calculated means
(Fig. 1) obtaining a straight line of equations y = - 0.2982x
+11.55,y =-0.2959x+11 .06 and y = -0.1944x+10.93 (where
y is the log of DNA concentration and x is the Ct) with a
linear correlation coefficient () of 0.997, 0.998 and 0.974
for F. succinogenes (Fig. la), R. flavefaciens (Fig. 1b)
and R. albus (Fig. 1c), respectively. The equations were
used to quantify DNA from rumen digesta samples.
Table 1 and 2 shows data on chemical composition of
experimental feeds and cellulolytic bacterial population
obtamed by real-time PCR techmque. Concentrate mixture
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Table 2:  CQuantification of cellulolytic bacterial DINA from mumen sampling
hours using Real-time PCR technique as influenced by the PCH
supplementation in swamp buffalo

Treatments Contrasts
Item 0 300 600 900 SEM L Q o]

F. sticcinogenes *10° copies mL™

0 h-post feeding 2.6 3.9 6.7 2.6 1.4 NS NS NS
4 2.4 34 43 33 0.4 NS w NS
Mean 2.5+ 37 5% 300 07 NS « NS
R. flavefaciens <10° copies mL™

0 h-post feeding 3.9 3.7 6.1 85 1.6 006 NS NS
4 61+ 36 7.6 96 13 . NS NS
Mean 500 3.6% 6 91° 09 . NS NS
R. albus x10° copies mL™

0 h-post feeding 2.7 38 5.6 123 3.6 NS NS NS
4 88 138 74 23.5 54 NS NS NS
Mean 5.7 88 65179 24 . NS NS
b heans in the same row with different superscripts differ (p<0.05); T1: 0
(Control), T2: 300 g, T3: 600 g, T4: 900g/hd/day, PCH, SEM = Standard
Error of Mean. L: Linear, Q: Quadratic, C: Cubic

was formulated to contain carbohydrate and protein
sources using cassava chip and oil-crop meals resulting
in 12.6% CP and 20.8% NDF, respectively. Meanwhile, rice
straw and Phaseolus calcaratus Hay (PCH) contained
2.7 and 18.3% CP, 51.2% NDF, respectively. In addition,
PCH had 2.8% condensed tannins. Three predominant
cellulolytic bacterial population namely, F. succinogenes,
R. flavefaciens and R. albus were quantified by real-time
PCR techmque using DNA extracted from rumen fluid
and digesta sampled at 0 and 4 h post mormng feeding.

There was an increasing trend for the two species
except for one species after feeding times especially for R.
flavefaciens. Supplementation level of PCH resulted in
mcreased population of F. succinogenes quadratically
while in R. flavefaciens and R. albus were increased
linearly. These findings suggest that PCH had
provided addition of both physical and chemical
sources enabling these bacteria to grow favourably.
Significant increases were found in R. flavefaciens and
R. albus when PCH were supplemented at 600 and 900 g
day'. However, when determined by total means there
were increasing trends for all bacteria species after
feeding times.

High level of PCH increased cellulolytic bacteria
numbers in the rumen flud and digesta (Table 2) which
could be related to the effect of condensed tannin (2.8%
i the DM). However, Hart and Wanapat (1992) who
compared Untreated Rice Straw (URS) and Urea Treated
(5%) Rice Straw (UTRS) in swamp buffaloes, it was
revealed that Organic Matter (OM) digestibility and
voluntary OM mtake were significantly improved by
17 and 25%, respectively. In addition, rumen retention
time was decreased by 34% indicating pronounced
activities of rumen cellulolytic bacteria. Tn another
trial by Chanjula et al. (2004) increasing level of
cassava hay in rice straw based-diet dramatically

decreased rumen protozoa (6.2-2.1x10° cell g~' rumen)
while cellulolytic bacteria exlibited an increasing trend
from 5.3-7.2<10" CFU g~' rumen. The effects were
attributed by cassava hay contaimng higher proten (25%)
and condensed tannins (4%). On the other hand, the
studies conducted to mvestigate effect of urea level on
energy sources by Wanapat et al. (2009) and effect of
roughage to concentrate ratio by Wanapat and
Cherdthong (2009), reported that in swamp buffalo using
PCR-DGGE and Real-time PCR techniques, 1t was found
that population of predominant cellulolytic bacteria were
higher in population of F. succinogenes, R. flavefaciens
and R. albus in both rumen fluid and digesta, respectively.

The dynamics of truly cellulolytic rumen bacteria
were in good correlation with response to diet shift
particularly mcreasing level of concentrate and the
application of Real-time PCR technique allowed an
investigation on possible changes in the number of
cellulolytic bacterial species in vivo (Mosoni et al., 2007).
In another experiment, it was found that reduced rumen
protozoal numbers, increased bacterial numbers,
significantly reduced ammonia nitrogen, higher daily body
weight gain and improved feed conversion efficiency
{Russell and Rychlik, 2001). Currently, Kluaosa-Ard ef al.
(2009) have shown effective result of condensed tannins
on reducing rumen protozoa and increasing bacterial
population. Moreover, condensed tannins has been
shown to bind to the terminal end of linoleic acid and
hence, reducing bihydrogenation and elevating levels of
comjugated linoleic acid n lower-gut. Moreover, rumen
pH, together with microbial population, nature of
substrates, environmental factors such as temperature
and existence of cations and soluble carbohydrates have
been suggested as factors governing bacterial attachment
of feed particles (Miron ef al., 2001 ). Ruminal pH 1s one of
the most mmportant of these factors because cellulolytic
bacteria are very sensitive to pH changes (Sung ef al.,
2007). When ruminants fed with fiber-deficient rations,
ruminal pH declines, microbial ecology is altered and the
animals become more susceptible to metabolic disorders
(Russell and Rychlik, 2001). As Koike et al (2003)
quantified cell numbers of F. succinogenes, R.
Hfavefaciens and R. albus which attached to straw by
competitive PCR and illustrated that munbers of all three
species increased gradually with increased NDF
disappearance. On the other hand, Wora-Anu et al. (2000)
reported that roughage to concentrate ratio at 100: 0, 60:
40 and 40: 60 could decrease cellulolytic bacteral
population in swamp buffalo (5.62, 4.06 and 4.57x10"
CFUmL™), respectively. Furthermore, when urea-treated
rice straw was solely fed the three cellulolytic bacteria
numbers were increased up to 2.65x10° and 3.54x10°
copies per milliliter for F. succinogenes, 5.10x10" and
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7.40<107 copies mL~! for R. flavefaciens and 4.00x10° and
6.00x10° copies mL for R. albus in rumen fluid and
digesta, respectively. The distribution of the three
cellulolytic bacteria species m digesta were highest at
3.21<10°, 4.55<107 and 4.56x10° copies mL~" for
F. succinogenes, R. flavefaciens and R. albus,
respectively as reported by Wanapat and Cherdthong
(2009). In the study by Koike et al. (2003) who suggested
that the increase in attached cell numbers observed could
be mostly attributed to cell proliferation on the straw
after 6 h, the numbers of attached cells of the three
species gradually increased and peaked at 24 h (10° g™
DM for F. succinogenes and 107 g7 DM for R.
favefaciens) or 48 h (10° g™ DM for R. albus). There
are two possible explanations of the increased cell
populations on 4 h post-feeding; one 1s cell proliferation
after feeding and additional attachment of new bacteria
from the liquid phase or from other particles. More data
found under this study are shown in Table 2.

CONCLUSION

Based on this study, it was found that PCH
supplementation between 600-900 g/hd/day could
umprove higher cellulolytic bacterial population in swamp
buffaloes. Moreover, applicability of Real-time PCR
technique for quantification of cellulolytic bacterial
species (F. succinogenes, R. albus and R. favefaciens) in
the rumen fluid and digesta of swamp buffaloes could
offer useful information. As found, R. flavefaciens and
R. albus were the most predominant of the three species
as influenced by PCH supplementation mn the rumen of
swamp buffalo.

RECOMMENDATIONS

Therefore, legume supplementations such as those
of PCH were useful sources in enhancing rumen ecology
and subsequent fermentation.
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