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Abstract 
 
In this study, the effect of treated rice straw on nutrient intake, rumen fermentation parameters, and population of 
microorganisms in the rumen of swamp buffaloes (Bubalus bubalis) was investigated. According to the 4 × 4 
Latin square design, four yearling swamp buffaloes were randomly assigned to receive a concentrate at 0.5% 
BW and were offered ad libitum with roughage, untreated rice straw (RS), rice straw treated with urea (UTS), 
rice straw treated with yeast (YTS), and rice straw treated with urea-lime (ULTS). Dry matter feed intake and 
NH3-N concentration in the rumen were found to considerably differ among dietary treatments, and 14.0% 
increased digestibility was observed for the swamp buffalo fed with YTS (p<0.05). Rumen total VFAs and C3 
concentration of swamp buffaloes were significantly different after being fed with treated rice straw. However, 
rice straw treatment did not exert any effect (p>0.05) on the molar proportions of C2 and C4 in swamp buffaloes. 
The population of predominant cellulolytic bacteria was increased after being fed with YTS or ULTS. In 
conclusion, swamp buffaloes fed with yeast-treated rice straw could well improve rumen fermentation efficiency 
and cellulolytic bacteria populations in the rumen. 
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1. Introduction 
 

Livestock production, particularly buffalo production, is integrated into the socioeconomic fabric of 
smallholder farmers and sustainable agricultural systems, especially among the landless rural poor. They have 
widespread applications, including power, high-protein foods such meat and milk, and organic fertilizers [1-4]. 
Despite the limitation of tropical feeding resources in terms of quality and quantity, particularly during the dry 
season, their contribution is essential. In particular, buffaloes and cattle are kept as part of crop production, and 
rice has been the most widely available crop, with by-products being utilized as feed [5-7]. In rice-producing 
Asian countries such as Bangladesh, China, India, Indonesia, Vietnam, and Thailand, rice straw is the major 
agricultural residue. Rice straw exhibits a low crude protein content and a high lignin content, leading to reduced 
nutrient intake and digestion rates [8]. For several years, researchers have been investigating various physical, 
chemical, and microbiological methods to improve rice straw quality. Rice straw can be fed to ruminants by 
various physical and chemical methods [9,10]. Quality improvement by biological treatment compared to 
chemical approaches is a fascinating solution as it is less harmful to the atmosphere and safer for animals. Wang 
et al. [11] have reported the use of yeast inoculants to improve cereal straw consumption and ruminant 
efficiency. Rumen bacteria can convert a significant proportion of structural carbohydrates in fibrous crop 
residues into volatile fatty acids (VFAs), which is a considerable disadvantage when using this resource as feed. 
As a result, to adjust for the disadvantages and enhance the feeding efficiency, appropriate treatments and/or 
supplements are required [12]. Previously, swamp buffalo has been reported to utilize feed more effectively than 
cattle when maintained under the same conditions, and the diversity of rumen microorganisms increases when 
swamp buffaloes are fed different types of roughage [13,14]. Hence, new molecular methods with the accuracy 
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and enumeration of rumen microorganisms have been typically employed. However, there are a relatively 
limited number of studies on rumen fermentation efficiency and microorganisms that are affected by rice straw 
treatments using molecular approaches. Therefore, the objective of this study is to determine the effect of 
different types of treated rice straw on the feed intake and rumen fermentation in swamp buffaloes, as well as on 
rumen microbe composition, by using real-time PCR. 
 
2. Materials and methods 
 
2.1 Preparation of treated rice straw  
 

This research was conducted from March 2020 to June 2020. A combination harvester was used to retrieve 
the rice straw, which was then thrashed to remove the grain at the maturity stage. The treated rice straw 
containing urea or a urea-lime mixture was prepared according to that reported by Wanapat et al. [15], involving 
the mixing of 2 kg each of urea and lime with 100 L of water, pouring it over 100 kg of rice straw, and covering 
it tightly using a plastic sheet for at least 21 days. Next, 5 L of a Saccharomyces cerevisiae starter (1.0 × 108 
CFU/mL) was diluted with 3 kg of molasses and 1 kg of urea in 100 L of yeast-treated rice straw, which was 
then applied to 100 kg of rice straw and fermented for 21 days. 
 
2.2 Experimental design and management of animals 
 

This study was conducted in the Animal Science Research Farm (Kasetsart University, Chalermphrakiat 
Sakon Nakhon Province Campus, Thailand). Experiments were conducted in compliance with the accurate 
procedures stated in the Kasetsart University Guide for the Care and Use of Animals (No. ACUC-KU 004/2019). 
Four yearling swamp buffaloes (Bubalus bubalis) (269 ± 28 kg of BW) were randomly assigned to a 4 × 4 Latin 
square design over four 21-day period. During the experiment, the buffaloes were housed in separate pens with 
free access to water and mineral blocks. The four rice straw treatments were as follows: I untreated (RS), (ii) 2% 
urea (UTS), (iii) yeast (YTS), and (iv) 2% urea + 2% lime (ULTS). Concentrate was provided twice a day at a 
BW of 0.5% at 07:00 and 16:00, with ad libitum access to treated or untreated straw. The concentrates comprised 
14% CP and 65% TDN with required levels of minerals (Table 1).  

 
Table 1 The concentrate mixture and the nutritive value (%) as well as treated rice straw. 
Items  Concentrate RS  UTS YTS ULTS 
Ingredients        
Cassava chip 60.0 -  - - - 
Rice bran   4.5 -  - - - 
Brewer’s grain   4.0 -  - - - 
Palm kernel meal 12.0 -  - - - 
Soybean meal   8.0 -  - - - 
Leucaena leaf meal   8.0      
Molasses   2.0 -  - - - 
Urea   0.5 -  - - - 
Mixed minerals   0.5 -  - - - 
Salt   0.5 -  - - - 

Chemical composition, %DM      
DM 89.6 90.6  55.2 50.9 54.9 
OM 91.1 87.2  89.8 88.9 87.4 
CP 14.2   2.3    5.8   6.2   5.6 
NDF 15.8 78.5  70.4 68.7 69.9 
ADF   9.5 60.7  56.9 51.5 52.5 

RS = untreated, UTS = 2% urea, YTS = yeast, ULTS = 2% urea + 2% lime, DM = dry matter, OM = organic 
matter, CP = crude protein, EE = ether extract, NDF = neutral detergent fiber, ADF = acid detergent fiber 

 
2.3 Collection of samples and chemical analysis 
 

Feed and refusal were collected for intake evaluation on the last day of each experimental period. Rectal 
sampling was employed to collect fecal samples. Composites of dietary samples were analyzed for DM, EE, ash 
and CP content [16], NDF and ADF [17], and acid-insoluble ash (AIA). The AIA content of the feed and refusal 
was determined by standard procedures [18]. Rumen fluid and content were collected after feeding (0 and 4 h). 
Rumen pH was immediately measured (HI 8424, HANNA Instruments, USA), and the ammonia nitrogen (NH3-
N) concentration was analyzed by using Kjeltec Auto 1030 Analyzer (Foss Analytical A/S, Denmark). Rumen 
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VFAs were analyzed by high-pressure liquid chromatography (Agilent 1200 series) using 0.1 M phosphate 
buffer as the mobile phase. The RBB+C method was employed to distinguish rumen content for DNA extraction 
[19]. Real-time PCR with specific primers was employed to quantify the populations of the total bacteria, F. 
succinogenes, R. albus, and R. flavefaciens as described by Koike and Kobayashi [20] (Table 2).  
 
Table 2 Quantitative primers (qPCR) used for the detection of rumen bacteria. 
Organisms Primers Sequences (5→3) Annealing 

temperature (°C)  
Product size (bp) 

Total bacteria  TBF 
TBR 

CGGCAACGAGCGCAACCC 
CCATTGTAGCACGTGTGTAGCC 

60 141 

F.succinogenes Fs219f 
Fs654r 

GGTATGGGATGAGCTTGC 
GCCTGCCCCTGAACTATC 

63 446 

R. albus  Ra1281f  
Ra1439r 

CCCTAAAAGCAGTCTTAGTTCG 
CCTCCTTGCGGTTAGAACA 

55 175 

R. flavefaciens Rf154f 
Rf425r 

TCTGGAAACGGATGGTA 
CCTTTAAGACAGGAGTTTACAA 

55 295 

 
2.4 Statistical analysis 
 

SAS v6.12 was used for statistical analysis (SAS/STAT®; SAS Institute). Analysis of variance was used to 
analyze the data in a 4 × 4 Latin square design using PROC GLM. Mean values and standard error of the means 
were utilized to present the results. Difference between treatment means were evaluated using Duncan’s New 
Multiple Range Test [21].  
 
3. Results and discussion  
 
3.1 Chemical compositions of dietary treatment 
 

Table 1 shows the concentrate formulation, three types of treated rice straw, untreated rice straw, and their 
nutritional values. The nutritional value of rice straw was enhanced by urea, urea-calcium hydroxide, and yeast 
treatments. Untreated rice straw exhibited a CP of 2.3%, while treated rice straw exhibited CP of 5.6%, 5.8%, 
and 6.2%, respectively. Remarkably, NDF and ADF proportions were reduced to 69.9%, 68.7%, 52.5%, and 
51.5% by urea-calcium hydroxide and yeast treatments. Concentrate components, on the other hand, were 
derived from locally available resources with a higher CP quality but a low fiber content such as brewer’s grain, 
palm kernel meal and Leucaena leaf meal. During the trial periods, the buffaloes had consumed sufficient 
concentrate. Wanapat et al. [15] have reported that treated and untreated rice straw fed to buffaloes exhibits a 
percentage composition similar to that of urea-lime treated rice straw. Shen et al. [22] have observed increased 
fiber degradation as well as a decrease in OM and DM losses in rice straw treated with 5% urea. As reported 
previously by our group [9,14], the treatment of rice straw with alkali such as sodium hydroxide, urea, and lime 
leads to the increase in the gas kinetics in in vitro trials. Chemical treatment has been reported to improve the 
digestibility of roughage with a high fiber content, with sodium hydroxide being more effective than urea and 
calcium hydroxide for degrading the cell walls [15]. The process is essentially delignification, which involves 
the elimination of linkages between carbohydrates and lignin; hence, a large amount of hemicellulose can be 
broken down. In addition, structural fibers are physically raised, increasing the number of readable microbial 
attachment sites on the particle surface, subsequently leading to the increased degradability and feed intake. 
Urea-treated rice straw treatment is used frequently, which increases the nitrogen content of nonhazardous 
ensiling materials and serves as a delignifying agent by ammonification, subsequently increasing protein content 
and nutrients digestibility [14,15,23,24].  

 
3.2 Dry matter intake and nutrient digestibility 
 

Table 3 shows the effect of various treated rice straws on buffalo feed dry matter intake (DMI) and 
nutritional digestibility. The DMI of rice straw differed significantly among treatments in this study, with the 
highest DMI observed for yeast-treated rice straw and lowest DMI for untreated rice straw (p< 0.05). In case of 
rice straw treated using yeast and urea-lime, the total DMI in metabolic weight increased to 110.8 and 109.9 
g/kg, respectively. Furthermore, results revealed that rice straw treatment significantly improves digestibility. On 
the other hand, the nutritional digestibility of urea and urea-lime treatments did not differ. Zhang et al. [24] have 
reported that rice straw pretreated with urea and nitrate leads to increased goat intake and neutral detergent fiber 
digestibility. Rice straw treated with urea-lime and urea can improve nutrients digestibility, rumen fermentation 
efficiency, and milk yield, thereby increasing its nutritional value [25]. In addition, Trach et al. [26] have 
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reported that rice straw treated with 5% UTS and 3.5% ULTS leads to increased rumen microbial population and 
nutritional digestibility. This increase was comparable to the results reported by Wanapat et al. [15]: Feeding 
ruminants with treated rice straw serves as the optimum nutrition supply for the cellulolytic bacteria of the 
rumen. However, our group has previously reported [12,14] that chemical improvement by urea, lime or sodium 
hydroxide did not affect intake of swamp buffaloes. According to the results of this study, the intake of increased 
dry matter can provide sufficient essential nutrients for the microbial population, such as organic acids, vitamins, 
and amino acids. Several studies have reported that yeast supplementation improved the digestion of cattle feed 
via the increase in the nutrient digestibility, improvement in the rumen volatile fatty acids (VFA) composition, 
reduction in the ammonia nitrogen (NH3-N) content as well as buffered rumen pH, and stimulation the growth 
rumen microbes [11,27,28]. However, exogenous fibrolytic enzymes, live yeasts, and yeast culture, among other 
biological methods for enhancing fiber utilization, have shown equivocal impacts on forage fiber digestion in 
individual experiments, but current meta-analyses indicate that there are overall benefits [29]. The increase in 
fiber digestion shown in current experiment may be explained by improving cell wall degradability and enabling 
ruminal bacteria to attack structural carbohydrates, resulting in enhanced hemicellulose and cellulose 
degradation as reported by Sun et al. [30]. 
 
Table 3 Dry matter intake and nutrient digestibility of swamp buffaloes fed with different types of treated rice 
straws. 
Parameters RS UTS YTS ULTS SEM p-value 
Intake       
  g DM /d 5,600a 5,620a 7,150b 7,090b 25.697 0.029 
%BW        1.90        1.99        2.21        2.11   0.180 0.086 
g/kg BW0.75      94.41a      94.54a    110.18b    109.95b   6.601 0.012 

Digestion coefficient, %     
DM      54.36a      63.43b     68.38c      64.75b   0.158 0.033 
OM      57.79a     66.36b     69.89 c      67.97b   0.242 0.042 
CP      50.73a     60.01b     62.43d      61.32c   0.305 0.038 
NDF      50.35a     55.98b     58.99d      57.97c   0.425 0.031 
ADF      44.42a     51.66b     54.47c      52.65b   0.238 0.037 

RS = untreated, UTS = 2% urea, YTS = yeast, ULTS = 2% urea + 2% lime. 
a-d Within the same rows, the means with different letters differ significantly (p< 0.05). 

 
3.3 Rumen fermentation characteristics 
 

Different types of treated rice straw affected the fermentation of rumen in buffalo (Table 4). No significant 
change in rumen pH between among groups (p>0.05) was observed, which was within the normal range of 6.6 to 
6.9. Rumen NH3-N levels in treated groups were greater than those in untreated groups (p<0.05). Furthermore, 
the yeast and urea-calcium hydroxide treatments led to the significant increase in the TVFA and C3 (p<0.05) 
contents, whereas no difference for C2 and C4 was observed in any of the groups (p> 0.05). The lower C2:C3 
ratio in the rumen fluid of animals that were fed with all types of treated rice straw was related to the change in 
the molar proportion of C3. Rice straw treatment did not affect the rumen pH of the swamp buffaloes. In terms 
of microbial fiber digestion, all treatments remained within the normal range (6.3–7.0). The net effects of 
increased rumen pH probably promoted the activity of rumen bacteria, especially rumen cellulolytic bacteria, 
which exhibit extreme sensitivity to pH, and to increase rice straw digestibility and intake. Rumen ammonia 
nitrogen (NH3-N) has long been known to be a key nutrient for rumen microorganisms. Rumen NH3-N in the 
YTS and ULTS groups were greater than in the control group (p<0.05), and this result was similar to that 
reported by Wanapat and Pimpa [31]. Moreover, Wanapat and Rolinson [32] pointed that ruminal ammonia 
nitrogen (NH3-N) is a key nutrient in rumen fermentation, with values ranging from 6.7 to 17.7 mg % depending 
on feeding conditions, and increasing ruminal NH3-N from 1.7 to 5.6 mg percent improved overall bacterial 
count as well as the digestibilities of DM, NDF, and ADF. Wanapat et al. [33] have demonstrated that swamp 
buffaloes are more efficient than cattle in terms of fiber digestion and rumen NH3-N levels in terms of efficient 
fermentation and dry matter intake. Availability of energy, total nitrogen, and performed protein of rumen 
bacteria are key factors in the production of rumen microbial protein synthesis [34,35,36]. Total VFA 
concentrations and molar individual VFA were not significantly different with treated rice straw. Furthermore, 
Wanapat et al. [15] have reported that rumen VFAs are not affected by energy sources or urea levels. Nair et al. 
[37] have reported that C2 is reduced in dairy heifer that are fed corn silage inoculated with S. cerevisiae, 
whereas TVFA and C3 increase in dairy cows that are fed S. cerevisiae [38]. The molar proportion of C3 is 
changed, resulting in an increase in a potential glucogenic material for ruminants. 
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Table 4 Ruminal fermentation parameters of swamp buffalo fed with rice straw treated with different treatments. 
Parameters RS UTS YTS ULTS SEM p-value 
  Rumen pH   6.6     6.7     6.7     6.9 0.155 0.125 
  Rumen NH3-N, mg%   9.54a   12.32b   18.51c   16.09c 0.829 0.021 
  Total VFA, mmol/L 95.45a 102.42b 114.58c 113.12c 6.194 0.415 
VFA, mol/100 mol       
  Acetate, C2 73.78   71.61   70.05   70.76 1.391 0.862 
  Propionate, C3 17.89a   20.32b   22.64c   21.39bc 0.620 0.048 
  Butyrate, C4   8.33     8.07     7.31     7.85 0.377 0.106 
  C2:C3   4.12a     3.52b     3.09c     3.31bc 0.151 0.041 
RS = untreated, UTS = 2% urea, YTS = yeast, ULTS = 2% urea + 2% lime. 
a-c Within the same rows, the means with different letters differ significantly (p <0.05). 
 
3.4 Rumen cellulolytic bacteria community 
 

Table 5 shows the effect of different types of treated rice straw on the rumen microorganism population in 
buffaloes. Across all treatments, the predominant fibrolytic bacteria differed significantly, with the highest levels 
observed for yeast-treated rice straw (p<0.05). Predominant cellulolytic bacteria such as F. succinogenes, R. 
flavefaciens, and R. albus ranged from 2.35 × 1012 to 2.80 × 1012, 0.74 × 1010 to 1.30 × 1010, 0.78 × 1010 to 2.62 × 
1010 copies/mL of rumen content, respectively. The population of F. succinogenes was the most abundant across 
dietary treatments. Population of cellulolytic bacteria was increased from 0-4 h post feeding. These results have 
been reported previously by our group [12], which are also consistent with that reported by Koike and Kobayashi 
[20] and Wanapat and Cherdthong [13] which found that F. succinogenes is the most abundant cellulolytic 
species in the swamp buffalo rumen, followed by R. flavefaciens and R. albus. Clearly, because F. succinogenes 
and R. flavefaciens can colonize cellulose more rapidly than the other two species, and it can grow more rapidly 
on cellodextrins (intermediate products obtained from cellulose hydrolysis). R. albus was regularly less 
widespread than F. succinogenes and R. flavefaciens because it was less efficient in cellulose colonization and 
hydrolysis than other species [12,39,40]. In addition, this result can be explained by the fact that yeast-treated 
rice straw which can provide sufficiently soluble growth factors for rumen microbes, leading to increased fiber 
degradation; the increased fiber digestion can subsequently lead to the increase in the feed intake and average 
daily gain. Yeast also has been related to increased fiber digestion as well as microbial protein flow and the 
activation of cellulolytic bacteria in the rumen. 
 
Table 5 Quantification of rumen bacteria using real-time PCR as affected by rice straw treatments. 
DNA copies of microbes  RS UTS YTS ULTS SEM p-value 
Total bacteria, ×1012/mL 3.72b ± 0.52 4.09b ± 0.72 5.39a ± 0.15 5.23a ± 0.13 0.098   0.040 
F. succinogenes, ×1012/mL 2.35  ± 0.84 2.67  ± 0.90 2.80  ± 0.01 2.39  ± 0.35 0.418   0.138 
R. albus, ×1010/mL 0.78b ± 0.27 0.62b ± 0.24 2.62a ± 0.21 0.59b ± 0.08 0.250 <0.001 
R. flavefaciens, ×1010/mL 1.16a ± 0.74 1.30 a ± 0.47 0.89b ± 0.09 0.74b ± 0.18 0.142 <0.001 
RS = untreated, UTS = 2% urea, YTS = yeast, ULTS = 2% urea + 2% lime. 
a-bWithin the same rows, the means with different letters differ significantly (p<0.05). 
 
4. Conclusion  
 

Based on this experiment, buffaloes that were fed yeast-treated rice straw exhibited increased DM feed 
intake, nutrient digestibility, improving fermentation efficiency of the rumen, and rumen population of 
cellulolytic bacteria. The efficiency of yeast-treated rice straw was greater than that of urea or urea-lime treated 
rice straw. Further studies in terms of meat and milk quality and feeding rice straw with fermented yeast could 
be conducted, which a good option to meet the increasing demand for feed resources with high potential 
utilization and a low environmental effect for buffalo production. 
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