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The objective of this research was to evaluate the effect of level of CP in concentrate on rumen
fermentation, microbial population (bacteria, protozoa, and fungi), microbial protein synthesis,
feed intake and feed digestibility in swamp buffaloes (Bubalus bubalis) fed on rice straw based
diet. Four, rumen-fistulated 4-year old swamp buffaloes with 381±10 kg liveweight were ran-
domly assigned to receive four dietary treatments according to a 4×4 Latin square design. Four
levels of crude protein (92, 124, 181 and 219 g/kg CP) in concentrate mixture were fed at 1 g/kg
body weight (BW) and rice strawwas fed ad libitum. The study revealed that dry matter intake,
apparent digestibility of DM, OM, CP and NDF, were significantly higher in buffaloes fed with
higher CP level especially at the 124–181 g/kg CP level, while, ADF digestibilities were not af-
fected. Level of CP supplementation had affected on rumen pH, NH3\N and blood urea N
(Pb0.01). Meanwhile, rumen propionic acid production was significantly higher at 181 g/kg
CP level, while total fatty acids (VFA), acetic acid, butylic acid and C2:C3 ratio, were similar
among treatments. However, protozoal and fungal zoospore populations were not changed
while bacterial populations were significantly different among treatments and were higher
with high level of CP. Furthermore, application of quantitative PCR to quantify predominant cel-
lulolytic bacteria (16S rRNA) targets revealed that treatments did not change population of
Ruminococcus flavefaciens bacteria (P>0.05) andmethanogenic bacteria (P>0.05). Meanwhile,
total bacteria (Pb0.05), Fibrobacter succinogenes (Pb0.05) and Ruminococcus albus (Pb0.01)
population were significantly increased when CP was at a higher level. Moreover, PD excretion,
PD absorption, N absorption, N retention, MNS and EMPS were significantly increased. There-
fore, based on this study, it could be concluded that level of CP between 124 and 181 g/kg CP
in the concentrate supplement revealed the highest rumen fermentation efficiency in swamp
buffaloes fed on rice straw.

© 2011 Elsevier B.V. All rights reserved.
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1. Introduction

The prevailing long dry season has been becoming more
critical in terms of both quantity and quality of feeds
especially for the productive ruminants. Traditionally rice
straw has been an important roughage for the ruminants
in the tropics, although it contains low level of crude pro-
tein, energy and minerals. It is essential to improve the
nutritional value by either using physical and/or chemical
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Table 1
Ingredients and chemical composition of the concentrates and rice straw.

Items Treatments, g/kg CP RS

92 124 181 219

Cassava chip 60 60 60 70 –

Rice bran 15 15 17 2 –

Coconut meal 15 10 4 6 –

Cassava hay 5 5 5 5 –

Urea 0 2 4 6 –

Molasses 1 3 4 5 –

Tallow 1 2 3 3 –

Salt 1 1 1 1 –

Sulfur 1 1 1 1 –

Mineral mixture 1 1 1 1 –

Total 100 100 100 100 –

Chemical composition, g/kg of DM
TDN1 787 764 736 743 402
DM 925 924 906 907 942
OM 900.5 894 889 885 896
CP 92 124 181 219 28
NDF 510 455 420 271 779
ADF 221 196 178 163 452

T1=92, T2=124, T3=181, T4=219 g/kg CP, RS=rice straw, 1TDN=total
digestible nutrient (calculated value), DM=dry matter, OM=organic
matter, CP=crude protein, NDF=neutral-detergent fiber, ADF=acid-
detergent fiber.
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treatments with or without concentrate supplementation.
Home-made-concentrate (HMC) has been shown to improve
rumen ecology and ruminant productivity depends on the
quality of rice straw and level of HMC supplementation
(Wanapat, 1999, 2009).

However, the availability and extensive use of nutrients in
the rumen are essential for its efficient use by the animal host
(Franzolin and Alves, 2010). Therefore, an important way to
reduce nitrogen losses is to promote adequate efficiency of
nitrogen assimilation by the animal through a balanced diet
for the optimization of protein and amino acids to reconcile
with the exact physiological requirement of the animal
(Steinfeld and Wassenaar, 2007). In addition, if energy is
available, amino acids will be transaminated or used directly
for microbial protein synthesis, otherwise, if energy is limit-
ing, amino acids will be de-aminated and their carbon skele-
ton will be fermented (Bach et al., 2005). The rumen
degradable protein (RDP) level below the requirements of
the microorganisms may compromise microbial growth, the
production of microbial protein, rumen digestion and the
availability of nitrogen and energy (Reynal and Broderick,
2005).

However, high levels of nitrogen can induce a case of tox-
icity due to excess release of ammonia, with high blood con-
centrations, promoting severe neurological symptoms that
can lead to animal death. In fact, the diet for 80 to 110 g/kg
of rumen degradable protein enhanced the dry matter intake,
digestibility of hemicellulose (Griswold et al., 2003) and
rumen fermentation (Davidson et al., 2003). Currently, very
few studies have been conducted to evaluate different level
of crude protein in concentrate in swamp buffaloes. There-
fore, the objective of this study was to evaluate the effects
of various level of CP in concentrate on rumen fermentation,
microorganisms, microbial protein synthesis, feed intake and
feed digestibility in swamp buffaloes fed on rice straw.

2. Materials and methods

2.1. Animals, feeds and management

Four, 4 year old Thai swamp buffaloes (Bubalus bubalis),
389±10 kg body weight (BW), were randomly allocated to
one at four levels of CP in concentrate mixture (Table 1) in
a 4×4 Latin square design experiment. The buffaloes were
kept in individual pens, where water and mineral blocks
were provided freely. All buffaloes were fed rice straw ad
libitum while additional concentrate was fed at 1 g/kg of
BW. The experiment consisted of four periods, with each pe-
riod lasting for 21 d. During the first 14 d, all buffaloes were
fed their assigned diets, while concentrate was fed to the
buffaloes in two equal portions at 07:00 a.m. and at
16:30 p.m. Refusals of rice straw were weighed daily prior
to the morning feeding to determine daily DM intake. The
BW of each buffalo was measured at the start and at the
end of each period.

2.2. Sampling method and samples' chemical analyses

After the first 14 d, all buffaloes were well adapted to re-
spective feeds then were on metabolism crates during the
last 7 d of each period. Feces, urine, rice straw and
concentrate were collected and sampled by total collection
and were analyzed for chemical compositions of DM, Ash,
and CP by the methods of AOAC (1990) and of NDF and
ADF by (Van Soest et al., 1991).

On day 21 of each period, rumen fluid samples were col-
lected 0, 2, 4 and 6 h after the morning feeding through the
rumen fistula and measured immediately for pH and temper-
ature (HANNA Instrument HI 8424 microcomputer, Singa-
pore). Rumen fluid was separated into three parts, one part
was immediately fixed with 5 ml of sulfuric acid (H2SO4) so-
lution (1 M) to determine the action of volatile fatty acids
using High Pressure Liquid Chromatography (HPLC, Instru-
ments by controller water model 600E; water model 484
UV detector; column novapak C18; column size
3.9 mm×300 mm; mobile phase 10 mM H2PO4 pH 2.5)
according to Samuel et al. (1997) and NH3\N analysis,
using the micro Kjeldahl method (AOAC, 1990). The second
part was immediately fixed with 10% formalin solution
(1:9 v/v, rumen fluid: 10% formalin) to measure microbial
populations by total direct counts of bacteria, protozoa and
fungal zoospores (Galyean, 1989). The third part was cul-
tured for groups of bacteria using the roll-tube technique
Hungate (1969), to identify bacterial groups (i.e., cellulolytic,
proteolytic, amylolytic, total viable bacterial counts).

A blood sample (about 10 mL) was collected on day 21 of
each period from the jugular vein at 0, 2, 4 and 6 h after the
morning feeding. Blood was sampled into tubes containing
12 mg of EDTA, and plasma was separated by centrifugation
at 500×g for 10 min at 4 °C and stored at −20 °C until anal-
ysis of plasma urea N according to (Crocker, 1967). Urine
samples were analyzed for total N (AOAC, 1990) and allanto-
in in urine was determined by HPLC as described by (Chen
and Gomes, 1995). The amount of microbial purines
absorbed was calculated from purine derivative excretion
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based on the relationship derived by (Chen and Gomes,
1995).

Rumen fluids were collected at 4 h post-feeding, and were
immediately prepared for DNA extraction for methanogens,
total bacteria and predominant cellulolytic bacteria popula-
tions using real-time PCR technique. Community DNA was
extracted from 0.5 g of rumen content by the RBB+C meth-
od (Yu and Morrison, 2004). In brief, the RBB+C method
employs two rounds of bead beating in the presence of NaCl
and SDS, followed by sequential ammonium acetate and iso-
propanal precipitations. The precipitated nucleic acids were
then treated with RNase A and proteinase K, and the DNA
was purified using columns from QIAgen DNA Mini Stool Kit
(QIAGEN, Valencia, CA), according to manufacturer's
recommendations.

2.3. Primers and real-time polymerase chain reaction (real-time
PCR)

The targeted populations were total bacteria, total anaer-
obic fungi, cellulolytic bacteria as Ruminococcus albus, Fibro-
bacter succinogenes and Ruminococcus flavefaciens. The mcrA
primer set design is used for the real-time PCR to detect
total methanogens. All primer set sequences are shown in
Table 2. Six sample-derived standards (total bacteria, total
methanogens, R. albus, F. succinogenes and R. flavefaciens)
were prepared from treatment pool set of community DNA.
The regular PCR was used to generate sample-derived DNA
standards for each real-time PCR assay. Then the PCR product
was purified using a QIA quick PCR purification kit (QIAGEN,
Inc., Valencia, CA) and quantified using a spectrophotometer.
For each sample-derived standard, copy number concentra-
tion was calculated based on the length of the PCR product
and the mass concentration (Yu et al., 2005). The target
DNA was quantified by using serial 10-fold dilutions from
101 to 108 DNA copies of the previously quantified DNA stan-
dards. (Yu et al., 2005). In total, 5 real-time PCR standards
were prepared. The conditions of the real-time PCR assays
of target genes were the following cycle conditions: 1 cycle
of 50 °C for 2 min and 95 °C for 2 min for initial denaturation,
and 40 cycles of 95 °C for 15 s and 60 °C for 1 min for primer
annealing and product elongation. Fluorescence detection
Table 2
PCR primer sets for real-time PCR and PCR-DGGE assays.

Target species Primer sequence Size (bp)

General
bacteriaa

5′-CGG CAA CGA GCG CAA CCC-3′ 130
5′-CCA TTG TAG CAC GTG TGT AGC C-3′

General
methanogensa

5′-TTC GGT GGA TCD CAR AGR GC-3′ 160
5′-GBA RGT CGW AWC CGT AGA ATC C-3′

F. succinogenesa 5′-GTT CGG AAT TAC TGG GCG TAA A-3′ 121
5′-CGC CTG CCC CTG AAC TAT C-3′

R. flavefaciensa 5′-CGA ACG GAG ATA ATT TGA GTT TAC
TTA GG-3′

132

5′-CGG TCT CTG TAT GTT ATG AGG TAT
TAC C-3′

R. albusb 5′-CCC TAA AAG CAG TCT TAG TTC G-3′
(Ra1281f)

175

5′-CCT CCT TGC GGT TAG AAC A-3′
(Ra1439r)

a Makkar and McSweeney (2005).
b Koike and Kobayashi (2001).
was performed at the end of each denaturation and extension
step. Amplicon specificity was performed via dissociation
curve analysis of PCR end products by increasing the temper-
ature at a rate of 1 °C every 30 s from 60 to 95 °C. For R. albus
condition was as follows 30 s at 94 °C for denaturing, 30 s at
55 °C for annealing and 30 s at 72 °C for extension (48 cy-
cles), except for 9 min denaturation in the first cycle and
10 min extension in the last cycle. Real-time PCR amplifica-
tion and detection were performed in a Chromo 4™ system
(Bio-Rad, USA). In brief, Biotools QuantiMix EASY SYG KIT
(B and M Labs, S. A., Spain) was used for real-time PCR ampli-
fication and samples were assayed in duplicate in a 20 μl re-
action mixture containing 4–6 mM MgCl2, 10 μl of
Mastermix (including; Taq DNA polymerase, reaction buffer,
dNTP mixture, MgCl2 and SybrGreen), 2 μl of DNA template,
and 0.8 μl of each primer (10 μM/μl).

2.4. Statistical analysis

All data were statistically analyzed for a Latin square de-
sign using the GLM procedure SAS (1996) in which buffalo,
period and level of CP supplementation were main factors.
Treatment means were compared by polynomial comparison
according to the model:

Yijk ¼ μþTi þ Cj þ Rk þ eijk

where: Yijk=the criteria under study, in treatment i; column
j; row k; μ=over all sample mean; Ti=effect of treatment i;
Cj=effect of treatment i at column j; Rk=effect of treatment
i at row k; e i j k=error.

3. Results and discussion

3.1. Chemical composition of feeds

The composition of the diets and rice straw is shown in
Table 1. Rice straw contained 402 g/kg TDN and 28 g/kg CP.
Rice straw was fed as basal forage. Rice straw has been large-
ly available as a crop-residue during the harvesting season
and used as a roughage source for ruminant feeding. As rice
straw contained high fibrous fractions (NDF, ADF) with low
rumen degradation, therefore chemical treatment methods
especially urea (50 g/kg) or urea-lime (25+25 g/kg) have
been used to improve digestibilities and overall feed intakes
(Wanapat et al., 2009). However, Leng (1993) reported that
the ruminants fed on low-quality roughages required addi-
tional fermentable N, required to increase rumen microbial
protein synthesis. Therefore, different substrates required
different concentrations of ammonia to achieve optimal mi-
crobial yield (Ørskov, 1999). While, treatments were the sup-
plement as concentrate mixture and were readily consumed
by the buffaloes throughout the entire experimental period.
Concentrate diets contained 92, 124, 181, and 219 g/kg CP
and 787, 764, 736 and 743 g/kg TDN on a DM basis for the
four treatments, respectively.

3.2. Effect on feed intake and digestibility

Effects of various CP level and treated rice straw based
diet on feed intake and digestibility of nutrients in swamp



Table 3
Influence of level of crude protein in concentrates on voluntary dry matter feed intake and nutrient digestibility in swamp buffaloes.

Items Treatments, g/kg CP SEM Contrasts

92 124 181 219 L Q

DMI, kg/d of BW daily
Rice straw 3.00a 4.02b 4.04b 4.60c 0.11 ⁎⁎ ⁎⁎

Concentrate 2.43a 2.70b 2.70b 2.43a 0.02 ⁎⁎ ⁎⁎

Total 5.45a 6.43b 6.70b 7.32c 0.10 ⁎⁎ ⁎⁎

Apparent digestibility, %
DM 53.6a 64.7b 62.7b 60.6b 0.95 ⁎⁎ ⁎⁎

OM 59.2a 68.7c 67.2c 64.2b 0.66 ⁎⁎ ⁎⁎

CP 54.9a 69.4b 74.1c 75.5c 0.87 ⁎⁎ ⁎⁎

NDF 57.0a 67.0b 65.4b 53.7a 2.72 NS ⁎

ADF 31.0 47.9 45.7 34.1 4.80 NS NS

a,b,cMeans in the same row with different superscripts differ (Pb0.05), NS=not significance. T1=92, T2=124, T3=181, T4=219 g/kg CP, DM=dry matter,
OM=organic matter, CP=crude protein, NDF=neutral-detergent fiber, ADF=acid-detergent fiber, SEM=standard error of the mean.
⁎⁎ Pb0.01.
⁎ Pb0.05.
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buffalo are presented in Table 3. Apparent digestibility of DM,
and CP were significantly increased (Pb0.01) at 124, 181 and
219 g/kg CP levels of supplementation, while those of OM
(Pb0.01) and NDF were significantly increased (Pb0.05) at
124 and 181 g/kg CP levels of supplementation, while ADF
digestibilities were similar among treatments. The result
suggests that level of CP in concentrate mixture supplementa-
tion improved rumen degradability and, as a consequence
improved DM intakes (Pb0.01) at 124, 181 and 219 g/kg CP
levels of supplementation (Table 3).

The apparent digestibility and DM intake were affected by
adding increased level of dietary protein. Under this finding,
it was higher than in the earlier works, which were similarly
influenced by the diet of 80 to 110 g/kg of RDP that enhanced
the dry matter intake, digestibility of hemicellulose Griswold
et al. (2003) and rumen fermentation (Davidson et al., 2003).
In dairy cows, Reynal and Broderick (2003) observed lower
DMI (1.8 kg/d) in cows that received a diet containing
160 g/kg CP when compared to animals fed a 190 g/kg CP
diet, with the extra CP provided by soybean meal. Broderick
(2003) observed a crescent linear effect on DMI when soy-
bean meal partially replaced high moisture corn in increasing
amounts of 44 g/kg of total DM, with increasing CP contents
of the diets (151, 167 and 184 g/kg CP). Dry matter intake in-
creased 0.9 and 1.4 kg/d for diets containing 167 and 184 g/
kg CP, respectively, as compared to the 15.1 g/kg CP diet.
Gleghorn et al. (2004) who evaluated effects of CP concentra-
tion (115, 130, and 140 g/kg of dietary CP) and degradability
on the performance of beef steers fed 900 g/kg concentrate
diets, and had found no differences in ADG as influenced by
various level of CP.

Nevertheless, apparent digestibilities of DM, OM, CP and
NDF were affected by the increased dietary protein treat-
ments. These were in agreement with Paengkoum and
Tatsapong (2009) who found that DM and OM digestibilities
increased, while NDF and ADF digestibilities were similar,
when increasing the levels of dietary protein content, while
increasing the dietary rumen degradable protein level in-
creased the DM digestibility (Javaid et al., 2008). On the
other hand, Renno et al. (2005) reported no differences
among levels of dietary urea (up to 460 g/kg of total N as
NPN) on total tract digestibility of several nutrients in steers
fed bermudagrass hay. However, Infascelli et al. (1995)
reported higher protein degradation rates in the buffalo
rumen than ovines.

3.3. Characteristics of ruminal fermentation

Rumen fluid pH was lower in high crude protein level,
while NH3\N and blood urea N were found higher
(Pb0.05) with a high level of crude protein supplementation,
while rumen temperature was not altered among treatments.
In addition, propionic acid (C3) was increased (Pb0.05) at
181 and 219 g/kg CP, while total volatile fatty acid, acetic
acid (C2), butyric acid (C4), ratio of acetic acid to propionic
ratio (C2/C3) were not influenced by level of CP in the con-
centrate (Table 4).

The overall mean ruminal pH was 6.2 to 6.5, and was
greater than the 5.0 to 5.5 range suggested by Hoover
(1986) which the ruminal digestibility of fiber was negatively
affected. While, Wanapat and Pimpa (1999) reported that ru-
minal NH3\N concentrations increased from 7.1 to 34.4 mg%
could improve rumen fermentation and digestibility in
swamp buffaloes. However, ruminal NH3\N concentration
was a predictor of efficiency of dietary N conversion into mi-
crobial N (Firkins et al., 2007). Furthermore, Chanthakhoun
et al. (2011) found that ruminal NH3\N concentrations in-
creased from 8.8 to 9.2 mg%, increased DM intake, digestibil-
ity, increased N retention, reduced protozoal and methane
gas production in swamp buffaloes with 600 g/hd/d of le-
gume hay as a protein source supplementation. As obtained
in this study, ruminal NH3\N concentrations were increased
with higher levels of crude protein in concentrate of 124, 181,
and 219 g/kg CP and were stable throughout the sampling
periods, except at 92 g/kg CP.

Blood-urea nitrogen concentrations were increased with
the addition of crude protein in the diets. According to
Javaid et al. (2008), increasing dietary RDP resulted in re-
duced ruminal pH and increased ruminal NH3\N in Nili-
ravi buffalo. During periods of excessive N availability in the
rumen, ruminal NH3 is absorbed and appears as urea in the
plasma urea pool (Cocimano and Leng, 1967). Accordingly,
results were in agreement with previous observations espe-
cially by Renno (2003) and Magalhaes et al. (2005), who



Table 4
Ruminal pH, temperature, ammonia–nitrogen (NH3\N), blood-urea nitrogen (BUN) and VFA concentrations in swamp buffaloes fed with different levels crude
protein supplementation.

Items Treatments, g/kg CP SEM Contrasts

92 124 181 219 L Q

Rumen parameters
pH 6.5a 6.5a 6.2b 6.3b 0.05 ⁎⁎ 0.07
Temperature, °C 38.2 38.5 38.6 38.3 0.2 NS NS
NH3\N, mg/dL 5.5a 9.3b 12.9c 16.5c 0.69 ⁎⁎ NS
Blood urea N, mg/dL 7.3a 8.4a 10.0a 18.1b 1.27 ⁎⁎ ⁎

VFA, mol/100 mol 91.6 110.2 110.4 116.1 5.7 NS NS
Acetic acid (C2) 62.4 75.8 77.7 71.6 4.7 NS 0.08
Propionic acid (C3) 18.8a 24.0a 28.1b 26.9b 1.9 ⁎⁎ NS
Butyric acid (C4) 10.4 10.4 10.2 11.8 0.6 NS NS
C2:C3 3.71 3.78 3.00 3.1 0.38 NS NS

a,b,cMeans in the same row with different superscripts differ (Pb0.05), NS=non-significance, L=linear, Q=quadratic.
VFA=volatile fatty acid, acetic acid to propionic acid ratio, T1=9.2, T2=12.4, T3=18.1, T4=21.9% CP, SEM=standard error of the mean.
⁎⁎ Pb0.01.
⁎ Pb0.05.
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reported that plasma urea was increased when NPN (urea)
added to the diets. However, blood urea N concentration
could result in nitrogen losses from the rumen fermentation
(Xin et al., 2010). In the present study, urea accumulation
in the blood was lower in buffaloes receiving high CP levels.
This indicates that, feed grade urea in concentrate, provides
more nitrogen available for ruminal protein synthesis and
relatively less NH3 absorption for further urea synthesis in
the liver in these swamp buffaloes. On the other hand,
Thanh and Ørskov (2006) clearly showed that difference in
purine derivative excretion in buffalo was due to lower glo-
merular filtration rate (GFR) spending more time in the
blood thus recycling more to the rumen and metabolized by
bacteria or the permeability from the blood to rumen was
greater in buffalo than in cattle.

Generally, rate and extent of volatile fatty acid production
were influenced by carbohydrate fraction and degradability
of carbohydrate (Mcdonald et al., 1995). Under the in vitro
study of Oliveira et al. (2011) who reported that although
propionic acid was not used as energy source by ruminal
microorganims, different from lactic acid, both affect bacteri-
al metabolism, propionic acid, and especially lactic acid, at
high concentrations, inhibiting growth of some ruminal bac-
terial species. According to the study of Russel (1992), at very
low pH concentration it has demonstrated that accumulation
of fermentation acids particularly those of acetic acid and lac-
tic acid could dramatically lower rumen pH and is ultimately
toxic to rumen microbes especially to the cellulolytic bacte-
ria. Furthermore, Bello and Escobar (1997) verified that the
increase of propionate in the medium promotes a selective
effect on the group of bacteria. However, under this in vivo
study rumen pH could be maintained at a higher level
(>6.2), which could improve microbe growth and propionic
acids. Total VFA concentrations in all treatments ranged
from 91.6 to 116.1 mM and were similar to those reported
by Wanapat et al. (2008) in swamp buffaloes fed on low-
quality roughage such as rice straw.

3.4. Rumen microorganism populations

The use of total direct count technique of rumen microor-
ganism populations, revealed that total bacterial counts were
enhanced (Pb0.05) by increasing CP level from 124 to 219 g/
kg CP, while fungi zoospores, and protozoa populations were
not altered among treatments. In addition, by roll tube tech-
nique to determine rumen microorganism populations of
total viable bacteria, amylolytic, proteolytic and cellulolytic
bacteria, the results showed no significant difference among
treatments (P>0.05).

In addition, the accuracy of reach real-time PCR was
validated by quantifying known numbers of target spe-
cies templates (total bacteria, methanogen, F. succino-
genes, R. flavefaciens and R. albus) and these templates
were used for generating standard curve. In this study,
those standard curves showed a highly linear relationship
between ct value and known number template dilution by
giving high R2 values of standard curve in each species
such as; total bacteria (Y=−0.3311x+11.61; r2=0.992),
methanogen (Y=−0.3311x+11.84; r2=0.997), F. succino-
genes(Y=−0.3084x+12.65; r2=0.987), R. flavefaciens
(Y=−0.4427x+12.08; r2=0.994) and R. albus (Y=
−0.3483x+11.91; r2=0.977). All supplemented treat-
ments affected total bacteria (Pb0.05), F. succinogenes
(Pb0.05) and R. albus population (Pb0.01), and were lowest
when buffaloes consumed treated rice straw with 9.2%CP in
concentrate supplement, whereas methanogens and R. flave-
faciens were unaffected. Quantifying the predominant cellu-
lolytic bacteria in in vivo provided an interesting data. It was
shown in Table 5, that population of total bacteria ranged
from 4.76 to 9.40×109 copies/ml of buffalo rumen, while it
was surprising to find that F. succinogenes were 0.4×105

to 6.62×107 and R. albus were 6.00×106 to
2.00×1010 copies/ml of buffalo rumen. On the contrary, it
was found that R. flavefaciens were 2.00 to 15.21×105

and methanogens were 6.04 to 18.03×108 copies/ml of
buffalo rumen. Therefore, different levels of crude protein
clearly showed under this experiment that there was a
shift of microorganism populations and it could lead to a
reduced swamp buffalo performance.

There is asynchronous carbohydrate and protein degrada-
tion in the rumen, large amounts of ammonia–N are
absorbed across the rumen wall into the blood or energy
use for microbial protein synthesis will decrease (Bach et
al., 2005). Under this study, it was obvious in the treatment



Table 5
Influence of level of CP in concentrate mixtures on ruminal microbial population in swamp buffaloes.

Items Treatments, g/kg CP of concentrate SEM P-value

92 124 181 219

Rumen microbes, cells/ml by total direct counts
Bacteria, ×1011 1.8a 2.5b 2.5b 3.4b 0.31 0.04
Protozoa, ×10 5 8.1 10.1 12.4 15.3 2.74 0.36
Fungal zoospores ×106 5.7 6.1 7.5 7.2 0.61 0.27

Viable bacteria, CFU/ml by roll-tube technique
Total viable bacteria ×109 9.0 3.7 7.9 11.6 4.20 0.64
Amylolytic, ×107 6.4 6.5 9.4 7.4 2.02 0.71
Proteolytic, ×108 8.8 9.3 10.8 11.2 6.04 0.99
Cellulolytic, ×107 1.5 1.2 7.6 1.5 3.01 0.42

Total predominant cellulolytic bacteria, ×107 copies/ml of rumen fluid by real-time PCR
Total bacteria, ×109 copies/ml 4.76a 6.29ab 8.17b 9.40b 1.03 0.04
F. succinogenes, ×105–7 copies/ml 0.4a×105 4.88b×106 5.64b×106 6.62c×107 69.48 0.05
R. flavefaciens, ×105 copies/ml 2.81 2.00 15.21 7.72 5.81 0.31
R. albus, ×106–10 copies/ml 6.00a×106 9.54ab×108 2.00b×1010 1.29b×1010 3275.10 0.006
Methanogens, ×108 copies/ml 8.81 18.03 11.39 6.04 4.26 0.22

a,b,cMeans in the same row with different superscripts differ at Pb0.05, and Pb0.01 T1=92, T2=124, T3=181, T4=219 g/kg CP, CFU=colony-forming units,
SEM=standard error of the mean, F=Fibrobacter, R=Ruminococcus.
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of 92 g/kg CP. However, ruminal total bacteria were highest
with high dietary CP in concentrate mixture supplementa-
tion. Vinh et al. (2011) reported that total rumen bacteria,
F. succinogenes, R. albus cellulolytic bacteria were increased
by dietary treatment with urea–lime treated rice straw and
with 4% urea in concentrate mixture while R. flavefaciens,
protozoal population were significantly reduced (Pb0.05),
while amylolytic, proteolytic bacterial groups, total bacteria
were not changed among treatments. Meanwhile,
Chanthakhoun and Wanapat (2010) found legume (Phaseo-
lus calcaratus) hay as protein source supplementation, using
real-time PCR technique for quantification of cellulolytic bac-
terial species (F. succinogenes, R. albus and R. flavefaciens) and
reported that the rumen microorganisms were improved in
both the rumen fluid and digesta in swamp buffalo. Whereas,
in this study R. flavefaciens were not significantly different by
treatments, while Koike et al. (2003) suggested that the in-
crease in attached cell numbers observed could be mostly at-
tributed to cell proliferation on the straw after 6 h, the
numbers of attached cells of the three species gradually in-
creased and peaked at 24 h (109 g−1 DM for F. succinogenes
Table 6
Effect level of crude protein in concentrates on nitrogen balance, purine derivative

Items Treatments, g/kg CP

92 124 1

PD excretion, mml/d 76.1a 105.1b 1
PD absorption 50.6a 84.8b

Absorbed N 30.6a 50.6a

Retained N 19.2a 34.6b

MNS1 (g N d−1) 36.8a 61.6b

EMPS (g N kg−1 of OMDR2) 10.5a 12.2ab

a,b,cMeans in the same row with different superscripts differ (Pb0.05), NS=not sig
supply (MNS g N/d)=0.727×mmol of purine derivatives absorbtion Chen et al. (
the rumen (OMDR)=[(MCP (g/d)×1000)/DOMR (g)], assuming that rumen diges
Synthesis, OMDR=Organic Matter Digestible in the Rumen (65% of organic matter
SEM=standard error of the mean.

⁎⁎ Pb0.01.
⁎ Pb0.05.

⁎⁎⁎ Pb0.001.
and 107 g−1 DM for R. flavefaciens) or 48 h (106 g−1 DM for
R. albus). On the contrary, McSweeny et al. (1999) observed
that in the animals fed on tannin rich Calliandra calothyrsus,
the population of Ruminococcus spp. and Fibrobacter spp.
was reduced considerably. Currently, Singh et al. (2011)
found that real time PCR data revealed a decrease in R. flave-
faciens, an increase in methanogens and no change in the F.
succinogenes population by feeding of pakar leaves as tannin
and protein rich leaves.

However, in the present study, cellulolytic bacteria num-
bers were dependent on the diet fed, particularly the imbal-
ance of energy and nitrogen, which could be a reflection of
the ability of both R. albus and F. succinogenes to use glucose
as substrate for growth (Shi et al., 1997). On the other
hand, the highest levels of total bacteria, F. succinogenes and
anaerobic fungi were found when using slow-release com-
pounds (Urea–CaCl2, Urea-CaSO4) (Cherdthong et al., 2011).
Kongmun et al. (2011) also found that F. succinogenes popu-
lation was highest, while, R. flavefaciens and R. albus were
lowest in swamp buffalo influenced by supplementation of
7% coconut oil plus 100 g/d of garlic powder. Therefore, it
s (PD) and microbial nitrogen supply in swamp buffaloes.

SEM Contrasts

81 219 L Q

01.7b 106.8b 4.42 ⁎⁎ ⁎

80.2b 86.3b 5.13 ⁎⁎ ⁎

76.3b 79.0b 0.60 ⁎⁎ ⁎

58.8c 59.3c 1.90 ⁎⁎⁎ ⁎⁎

58.3b 62.7b 3.70 ⁎⁎ ⁎

11.0a 14.2b 0.91 ⁎ NS

nificant. T1=92, T2=124, T3=181, T4=219 g/kg CP, 1Microbial nitrogen
1993), 2Efficiency of microbial N synthesis (EMNS, g/kg) of OM digested in
tion=65% of digestion in total tract, EMPS=Efficiency of Microbial Protein
digestible in total tract) according to Agricultural Research Council (1984)
,
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could be explained for the increase in total bacteria, F. succi-
nogenes and R. albus population in high crude protein in con-
centrate fed to buffaloes with rice straw as roughage while
the availability of the substrate did not affect on R.
flavefaciens.

3.5. N balance and efficiency of microbial protein synthesis

As shown in Table 6, N intake, excretion of N, nitrogen re-
tention and N absorption were influenced (Pb0.05) by in-
creasing the level from 124 to 219 g/kg CP in concentrate
mixtures. Nevertheless, CP level of concentrate mixture in-
creased, level of allantoin absorption, efficiency of microbial
N synthesis and microbial N synthesis increased from 124
to 219 g/kg CP as shown in Table 6. Based on the results of
this experiment, supplementation of 92, 124, 181 and
219 g/kg CP resulted in improved DM digestibility, rumen
microbial population, and microbial protein supply.

This study revealed that allantoin excretion, allantoin ab-
sorption, microbial nitrogen supply (MNS), and efficiency of
microbial protein synthesis (EMPS) in concentrates contain-
ing 124, 181, and 219 g/kg CP were significantly higher than
that of 92 g/kg CP and agreed with other reports showing
that synthesis of microbial protein was affected by dietary
protein (Cecava et al., 1991; Ludden and Cecava, 1995).
Ipharraguerre and Clark (2005) suggested that the degrad-
ability of dietary protein might modulate the microbial
crude protein outflow, which resulted in the change of ani-
mal performance. However, higher efficiency of microbial ni-
trogen supply with soybean meal as a protein source versus
urea diet might be due to availability of peptide or amino
acid N, which can subsequently enhance microbial growth
(Galo et al., 2003; Xin et al., 2010). On the contrary, the in-
crease in the RUP/RDP ratio may reduce CPB and improve
protein efficiency, because at a high RDP, more N would be
absorbed as ammonia or more amino acids would be deami-
nated, that might increase N excretion in urine (Castillo et al.,
2001), while, reducing dietary protein concentration from
190 g/kg of DM to approximately 160 g/kg of DM could re-
duce ammonia emissions by 200 g/kg and reducing the de-
gradability of protein to match the microbial requirement
by 190 g/kg (Kebreab et al., 2004). The positive effect of
RUP on protein efficiency is also reported by Flis and
Wattiaux (2005) and Kalscheur et al. (2006). Moreover,
Castillo et al. (2001) and Reynal and Broderick (2005)
found that an increase in dietary CP degradability results in
more urinary N excretion. However, post-ruminal digestibili-
ty of RUP and amino acid balance could be considered as an
important factor for increasing metabolizable protein flow
to the intestine (Noftsger and St-Pierre 2003) and, subse-
quently, optimizing dietary RUP to improve protein efficien-
cy. Therefore, the potentially improved synchronization
between ruminal NH3 from respective crude protein in the
diet and carbohydrate availability (i.e., cassava chips) was
improved, consequently resulting in higher microbial CP syn-
thesis when rice straw was fed.

4. Conclusions

Higher level of crude protein (124–181 g/kg CP) in con-
centrate mixtures improved DMI, DM, OM, CP, and NDF
digestibilities, rumen fermentation, and microbial CP synthe-
sis in swamp buffalo. In addition, there were increases in
rumen total bacteria, F. succinogenes and R. albus population.
Based on this study it could be concluded that the level
between 124 and 181 g/kg CP in concentrate mixtures
improved rumen fermentation efficiency and it is recom-
mended for use in swamp buffaloes fed on rice straw.
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