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INTRODUCTION 

 

In the tropics, most ruminants are fed on low-quality 

roughages, agricultural crop-residues and industrial by-

products (Wanapat, 2000; Wanapat et al., 2012). Rice straw 

is one of the major sources of roughages for ruminants in 

the tropics (Wanapat et al., 2009; Khandaker et al., 2012; Su 

et al., 2012). However, it is characterized by low levels of 

CP and high level of structural polysaccharides, which 

drastically affected the DM intake, digestion and ultimate 

performance (Wanapat et al., 1985; Chemjon, 1991; Safari 

et al., 2011). Improving the utilization of low quality 

roughages could be by treatment with nitrogen sources, 

chemical and physical treatment (McDonald et al., 2002; 

Nguyen et al., 2012). Urea treatment of rice straw could 

increase its nutritive value (Sundstøl et al., 1978; Abate and 

Melaku, 2009). Hart and Wanapat (1992) indicated that urea 

(5%) treated rice straw improved overall intake, nutrient 

digestibility, VFA production and increased passage rate of 

particles in the rumen. Urea treatment may be the most 

suitable method for small-scale farmers improve the quality 

of straws (Hanafi et al., 2012). However, urea price is 

increasing and impacts on the high cost of roughage. 

Therefore, reducing levels of urea could be used as an 

alternative to 5% urea for treatment as studied by 

Khejornsart and Wanapat (2010) who reported that treating 

rice straw with 3% urea could maintain the nutritive value, 

especially those of NH3-N, total VFA and propionate 

concentration when compared with 5% UTRS in vitro. 

Particle size of roughage can impact on maintenance of 

rumen function, which has been associated with fiber 

digestibility and optimal pH for cellulolytic microorganisms 

(Beauchemin and Yang, 2005; Yang and Beauchemin, 2009; 

Maulfair et al., 2010). Zhao et al. (2009) reported that in 

goats fed rice straw increasing the particle size (1, 2, 4, and 
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8 cm) resulted in increased chewing activity and enhanced 

ruminal function. In addition, Yang et al. (2002) also 

reported that increased forage particle size in dairy cow 

diets improved ruminal pH and MCP synthesis in the rumen 

with no effect on feed intake. On the other hand, decreasing 

roughage particle size increased VFA production 

particularly propionic acid and higher feed efficiency due to 

enhanced MCP synthesis (Kononoff and Heinrichs, 2003; 

Krause and Combs, 2003). However, limited data has been 

available regarding chopping and urea treatment of rice 

straw on the rumen fermentation, nutrient digestibility and 

MCP synthesis of steers. Therefore, the objective of this 

experiment was to investigate the effect of the physical 

form and urea treatment of rice straw on rumen 

fermentation, MCP synthesis and nutrient digestibility in 

crossbred dairy steers. 

 

MATERIALS AND METHODS 

 

Animals, treatments and experimental design 

Four, rumen-fistulated Holstein-Friesian (HF) crossbred 

dairy steers (75% HF and 25% Thai native breed) with an 

initial BW of 228 (16 kg were randomly assigned according 

to four dietary treatments according to a 2 (2 factorial 

arrangement in a 4 (4 Latin square design. Factor A was 

roughage source: untreated rice straw (RS) and urea-treated 

(3%) rice straw (UTRS), factor B was type of physical 

forms of rice straw: long form rice straw (LFR) and 

chopped (4 cm) rice straw (CHR). The concentrate was fed 

at the level of 0.5% BW/d with roughage was fed ad libitum. 

Chemical composition of concentrate, rice straw and urea-

treated rice straw is presented in Table 1. Steers were 

housed individually and fed the experimental diets twice 

daily approximately at 0800 h and 1600 h. Clean fresh 

water and mineral blocks were available ad libitum. The 

experiment was conducted for four periods, each period 

lasting for 21 d, the first 14 d for feed intake measurements 

and the remaining 7 d for total urine and fecal collection, 

while the animals were housed in metabolism crates. Rice 

straw was chopped to a theoretical cut length 4 cm by 

machine. Urea-treated rice straw was prepared by using 3 

kg urea of fertilizer grade (46% N) plus 100 kg water, 

sprayed onto 100 kg of rice straw and then covered up for 

10 d before directly feeding to the animals (Wanapat et al., 

2009). 

 

Data collection and sampling procedures 

The feed was sampled, fecal and urine samples were 

collected by total collected from each individual steer 

during the last 7 d of each period. Feeds, refusals and fecal 

samples were dried at 60 (C and ground (1 mm screen using 

Cyclotech Mill, Tecator) and analyzed using the standard 

methods of AOAC (1995) for DM, N and ash. Neutral 

detergent fiber (NDF) and acid detergent fiber (ADF) were 

analyzed according to Van Soest et al. (1991). 

At the end of each period, rumen fluid was collected at 0, 

2, 4, and 6 h after the morning feeding through the rumen 

fistula. Approximate 200 mL of rumen fluid was collected 

at each time from the middle part of the rumen using a 60 

mL hand syringe. Temperature and pH of rumen fluid were 

measured immediately using a portable pH and temperature 

meter (Hanna Instruments HI 8424 microcomputer, 

Singapore). Rumen fluid samples were then filtered through 

4 layers of cheesecloth. Samples were used for NH3-N and 

VFA analysis to which 5 mL of 1 M sulfuric acid (H2SO4) 

were added to 50 mL of rumen fluid. The mixture was 

centrifuged at 16,000g for 15 min. and the supernatant was 

stored at -20C before NH3-N analysis using Kjeltech Auto 

1030 Analyzer and VFA were analyzed using high-

performance liquid chromatography (HPLC) as described 

by Samuel et al. (1997).  

At the same time as rumen fluid sampling, a blood 

sample (about 10 mL) was collected from the jugular vein 

into tubes containing 12 mg of EDTA and the plasma was 

separated by centrifugation at 500g for 10 min at 4C and 

stored at -20C until analysis of BUN according to Crocker 

(1967). Urinary samples were analyzed for total N 

determined according to AOAC (1995) and allantoin 

determined by HPLC as described by Chen and Gomes 

Table 1. Ingredients and chemical composition of concentrate, 

untreated rice straw and urea-treated (3%) rice straw 

Item Concentrate RS1 UTRS2 

Ingredient ----------------- % of DM -------------- 

Cassava chip 65.3 - - 

Coconut meal  8.8 - - 

Palm kernel meal 6.8 - - 

Rice bran 9.5 - - 

Urea 3.1 - - 

Molasses 2.0 - - 

Tallow 1.5 - - 

Salt 1.0 - - 

Sulfur 1.0 - - 

Mineral premix3 1.0 - - 

Chemical composition    

Dry matter (g/kg) 87.5 93.7 51.0 

 ----------------- % of DM ------------ 

Organic matter 92.4 86.7 85.0 

Crude protein 14.1 2.5 5.4 

Neutral detergent fiber 29.3 75.5 77.4 

Acid detergent fiber 19.4 55.2 54.6 

Ash 7.6 13.3 14.5 
1 Untreated rice straw. 
2 Urea-treated (3%) rice straw. 
3 Minerals and vitamins (each kg contains): Vitamin A, 10,000,000 IU; 

Vitamin E, 70,000 IU; Vitamin D, 1,600,000 IU; Fe, 50 g; Zn, 40 g; Mn, 

40 g; Co, 0.1 g; Cu, 10 g; Se, 0.1 g; I, 0.5 g. 
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(1995). The amount of microbial purines absorbed was 

calculated from purine derivative (PD) excretion based on 

the relationship derived by Chen and Gomes (1995). MCP 

(g/d) = 3.990.856mmoles of purine derivatives excreted 

(Galo et al., 2003). The efficiency of microbial N synthesis 

(EMNS) was calculated using the following formula: 

EMNS = microbial N (g/d)/DOMR; where DOMR = 

digestible OM apparently fermented in the rumen 

(assuming that rumen digestion was 65% of digestion in 

total tract, DOMR = DOMI0.65; DOMI = digestible 

organic matter intake). 

 

Statistical analysis 

All data were analyzed as a 22 factorial arrangement 

within a 44 Latin square design using the general linear 

procedure in PROC GLM of SAS (1996). The statistical 

model included terms for animal, period, roughage source, 

physical form, and interaction between roughage source and 

physical form. Comparison among treatments was tested by 

orthogonal contrast. Differences among means with p<0.05 

were accepted as statistically significant differences. 

 

RESULTS 

 

Feed intake, nutrients intake and apparent digestibility  

The effect of physical form and urea treatment of rice 

straw on voluntary feed intake, nutrients intake and 

apparent digestibility in dairy steers are presented in Table 2. 

Rice straw intake, in terms of kg/d and gram per metabolic 

body weight (g/kg BW
0.75

), was increased by urea treatment 

(p<0.01 and p<0.05, respectively). Therefore, total DM 

intake was subsequently improved (from 4.7 to 5.7 kg/d) 

(p<0.05). However, physical form did not significantly 

affect voluntary feed intake (rice straw intake and total 

intake) (p>0.05). The nutrient intake and apparent 

digestibility in dairy steers receiving UTRS were increased 

when compared with RS (p<0.05), while steers receiving 

different physical form of rice straw were similar among 

treatments (p>0.05). 

 

Characteristics of ruminal fermentation and blood 

metabolites  

The effect of physical form and urea treatment of rice 

straw on rumen fermentation and concentration of BUN are 

presented in Table 3. Ruminal pH was affected in the UTRS 

fed group. It was also affected by the roughage source and 

physical form interaction, with the lowest ruminal pH found 

in the UTRS+CHR (p<0.05) (Figure 1). Concentration of 

NH3-N and BUN was significantly affected by urea 

treatment (p<0.01) (Figures 2 and 3, respectively). In 

addition, total VFA concentration was higher (p<0.01) for 

UTRS than for RS. Molar proportion of acetic acid (C2), 

butyric acid (C4) and C2:C3 was not affected, whereas that 

of propionic acid increased in the UTRS fed group (p<0.05). 
 

Table 2. Effect of physical form and urea treatment of rice straw on feed intake, nutrient intake and apparent nutrient digestibility of 

dairy steers 

Item 
RS  UTRS 

SEM 
Significance1 

LFR CHR  LFR CHR U P UP 

DM intake          

Rice straw          

kg/d 3.6 3.6  4.5 4.6 0.10 ** ns ns 

g/kg BW0.75 59.6 59.5  72.4 75.3 2.34 * ns ns 

Concentrate          

kg/d 1.2 1.3  1.2 1.2 0.04 ns ns ns 

g/kg BW0.75 19.5 20.4  19.6 19.3 0.15 ns ns ns 

Total           

kg/d 4.7 4.9  5.7 5.7 0.11 * ns ns 

g/kg BW0.75 79.1 80.0  92.0 94.6 2.47 * ns ns 

Nutrients intake (kg)          

Organic matter 3.9 4.2  5.0 5.1 0.07 ** ns ns 

Crude protein 0.3 0.3  0.4 0.4 0.01 ** ns ns 

Neutral detergent fiber 3.0 3.2  3.9 4.0 0.05 ** ns ns 

Acid detergent fiber 2.6 2.8  3.4 3.5 0.07 ** ns ns 

Apparent digestibility (%)          

Dry matter 56.7 56.5  62.4 63.1 1.28 * ns ns 

Organic matter 61.7 61.5  67.3 67.6 1.13 * ns ns 

Crude protein 50.9 50.6  67.9 68.4 1.42 ** ns ns 

Neutral detergent fiber 55.8 60.0  65.7 64.7 1.02 * ns ns 

Acid detergent fiber 51.3 55.6  60.2 60.0 1.26 * ns ns 
1 U = Untreated rice straw vs urea-treated (3%) rice straw, P = Long form rice straw vs chopped (4 cm) rice straw, UP roughage source and physical 

form interaction. * p<0.05, ** p<0.01, ns = Non-significant (p>0.05). 
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Table 3. Effect of physical form and urea treatment of rice straw on rumen fermentation and BUN in dairy steers 

Item 
RS  UTRS 

SEM 
Significance1 

LFR CHR  LFR CHR U P UP 

pH 6.3 6.6  6.4 6.2 0.02 * ns * 

NH3-N (mg/dL) 14.1 12.4  19.6 22.8 1.50 ** ns ns 

BUN (mg/dL) 3.2 4.6  12.5 12.4 0.57 ** ns ns 

Total VFA (mM) 113.1 107.4  122.8 127.1 2.15 * ns ns 

VFA, mol/100 mol          

Acetic acid (C2) 71.3 69.8  70.0 70.5 0.47 ns ns ns 

Propionic acid (C3) 20.1 20.3  21.5 21.4 0.15 * ns ns 

Butyric acid (C4) 8.5 10.0  8.4 8.2 0.73 ns ns ns 

C2:C3 3.7 3.5  3.3 3.4 0.15 ns ns ns 
1 U = Untreated rice straw vs urea-treated (3%) rice straw, P = Long form rice straw vs chopped (4 cm) rice straw, UP roughage source and physical 

form interaction. * p<0.05, ** p<0.01, ns = Non-significant (p>0.05). 

 

Figure 3. Effect of physical form and urea treatment of rice straw on BUN concentration at 0, 2, 4, and 6 h-post feeding in dairy steers. 

 

Figure 2. Effect of physical form and urea treatment of rice straw on rumen NH3-N concentration at 0, 2, 4, and 6 h-post feeding in dairy 

steers. 

 

Figure 1. Effect of physical form and urea treatment of rice straw on ruminal pH at 0, 2, 4, and 6 h-post feeding in dairy steers. 
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N balance and efficiency of MCP synthesis 

The effects of physical form and urea treatment of rice 

straw on N balance, urinary PD excretion and MCP 

synthesis in dairy steers are reported in Table 4. Differences 

between roughage sources were found for N utilization. N 

intake, excretion (fecal and urinary) and balance (absorption 

and retention) were increased (p<0.05) for UTRS compared 

with RS. There was no affect of the physical form of rice 

straw on N utilization (p>0.05). Allantoin excretion, 

absorption and microbial CP synthesis were higher (p<0.05) 

for UTRS and CHR group. In addition, EMNS was greater 

(p<0.05) for UTRS than for RS. 

 

DISCUSSION 

 

Steers fed UTRS had a higher total intake than those fed 

RS (from 3.6 to 4.6 kg). Similarly, Wanapat et al. (2009) 

reported that 5.5% UTRS increased DM intake in dairy 

cows (from 4.4 to 6.0 kg) when compared with RS. 

However, decreasing particle size of rice straw for dairy 

steers had no effect on DM intake. This result is consistent 

with some previous studies (Yang et al., 2002; Yang and 

Beauchemin, 2005; Yang and Beauchemin, 2006a; Zhao et 

al., 2009), but others have observed DM intake increased by 

reducing particle size of diets (Kononoff and Heinrichs, 

2003; Kononoff et al., 2003; Krause and Combs, 2003). 

Beauchemin et al. (1997) found that when poor quality, 

high fiber diets were fed, reducing the roughage particle 

size significantly increased DM intake. In the present study, 

using poor quality roughage (rice straw) particle size did 

not influence rice straw intake and total DM intake. Tafaj et 

al. (2007) reported that the effect of dietary particle size on 

DM intake may depend on roughage sources, type of 

concentrates, especially its ruminal degradation rate, 

reflecting their effects on rumen conditions and digestion. 

In addition, increased availability of nutrients due to the 

urea treatment of rice straw, could promote the observed 

higher total DM intake in dairy steers. Nutrient intake in 

terms of OM, CP, NDF, and ADF was increased by urea 

treatment and the combined effect of the higher total DM 

intake. These results were similar to previous work of Abate 

and Melaku (2009) and Hossain et al. (2010) who reported 

that urea-treated rice straw or barley straw had increased 

OM, CP, NDF, and ADF intake. Other factors, such as 

physical properties and palatability of feed, also affect 

intake (Huyen et al., 2012). Under this study, urea-treated 

rice straw supplied more moisture (51.0% DM) than 

untreated rice straw (93.7% DM), indicating that urea 

treated straw was highly palatable. The increase in 

palatability might be due to the blending and processing of 

less palatable fibrous straw (Jaglan and Kishore, 2005), 

which may partially explain our observed increase in DM 

and nutrient intake. 

The apparent digestibility of DM, OM and CP was 

greater in steers receiving UTRS than RS. These results 

were in agreement with Wanapat et al. (2009) who reported 

that 5.5% UTRS could improve digestibility of DM, OM, 

and CP. In the present study, digestibility of CP increased, 

which may have been due to the higher CP content in the 

UTRS and enhanced CP intake. Moreover, NDF and ADF 

digestibility was higher for UTRS than for RS. Hart and 

Wanapat (1992) reported that UTRS could increase 

digestibility of NDF and ADF. Ammonium hydroxide 

(NH4OH) formed in UTRS produces a swelling of the 

hemicelluloses-lignin complex in rice straw (Mapato et al., 

2010). Resulting in an increased surface area available for 

attack by rumen microorganisms and thus increasing the 

rate of breakdown and the rate of passage of treated straw 

Table 4. Effect of physical form and urea treatment of rice straw on N balance, urinary purine derivatives and MCP synthesis in dairy 

steers 

Item 
RS  UTRS 

SEM 
Significance1 

LFR CHR  LFR CHR U P UP 

N utilization (g/d)          

N intake 43.9 43.8  71.5 73.1 1.31 ** ns ns 

N excretion          

Fecal  27.4 30.1  36.4 40.0 1.24 * ns ns 

Urinary  7.6 5.5  21.1 19.0 1.02 ** ns ns 

N balance          

Absorption 16.5 13.7  35.2 33.2 0.69 ** ns ns 

Retention 8.9 11.0  14.1 14.2 0.84 * ns ns 

Urinary purine derivatives (mmol/d)          

Allantoin excretion 63.2 73.2  76.9 85.3 2.22 * * ns 

Allantoin absorption 76.1 85.6  88.3 95.4 1.84 * * ns 

MCP (g/d) 345.9 389.2  401.2 433.7 8.37 * * ns 

EMNS (g/kg OMDRg) 18.9 18.4  21.9 21.6 0.30 * ns ns 
1 U = Untreated rice straw vs urea-treated (3%) rice straw, P = long form rice straw vs chopped (4 cm) rice straw, UP roughage source and physical form 

interaction. * p<0.05, ** p<0.01, ns = Non-significant (p>0.05). 
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through the digestive tract (Goto and Yokoe, 1996; Ha et al., 

2001). These effects may explain the action of urea 

treatment in improving rumen microbial degradation of rice 

straw by making the cellulose and hemicellulose more 

accessible for the rumen microbes (Shen et al., 1999). 

Digestion of NDF and ADF was increased from 58% to 65% 

and from 54% to 60%, respectively, when steers were fed 

UTRS. In addition, a different physical form of rice straw 

did not influence nutrient digestibility. These results are 

consistent with several reports (Yang and Beauchemin, 

2005; Yang and Beauchemin, 2006b), but in contrast to 

other findings (Yang et al., 2002; Zhao et al., 2009). 

Ruminal pH was lower (6.2) for UTRS+CHR than for 

the UTRS+LFR and RS groups. One of the most important 

factors influencing rumen pH is the amount of saliva buffer 

secretion, which is positively correlated with rumination 

activity (Lu et al., 2005). These results were in agreement 

with Zhao et al. (2009) reported that the reduction in the 

particle size of rice straw reduced ruminal pH. Moreover, 

Van Soest (1994) reported that cellulolytic organisms grow 

optimally at pH 6.7 and pH below 6.2 inhibited the rate of 

digestion, decreased acetic acid and depressed cellulolytic 

activity. In the present study, ruminal pH in the range 6.2 to 

6.6 was optimized for cellulolytic bacteria and fiber 

digestion in the rumen. Moreover, ruminal NH3-N and BUN 

concentrations were increased when steers were fed UTRS. 

This result was consistent with previous studies which 

indicated that UTRS had affected ruminal NH3-N 

concentration (Wanapat, 2000; Wanapat et al., 2009; 

Maputo et al., 2010). Higher ruminal NH3-N concentration 

occurred when steers were fed UTRS because of the 

relatively high levels of soluble CP for UTRS than for RS 

(5.4% vs 2.5% CP), which would likely have caused higher 

rumen ammonia levels, particularly immediately after 

feeding (Highstreet et al., 2010). However, NH3-N 

concentration was not affected by chopping of rice straw. 

Similarly, Onetti et al. (2003) reported that reducing the 

particle size of corn silage did not affect the rumen NH3-N 

concentration. This result agreed with the study of 

Beauchemin and Yang (2005), suggesting that reduction of 

forage particle size may not have affected the protein 

digestion in the rumen. Moreover, concentrations of BUN 

were highly correlated to the level of NH3 production in the 

rumen (Preston et al., 1965). Ruminal NH3-N 

concentrations were 12.4 to 22.8 mg/deal and were closer to 

the optimal ruminal NH3-N range (15 to 30 mg/dL, Perdok 

and Leng, 1990; Wanapat et al., 2008; Poungchompu et al., 

2009; Anantasook et al., 2013).  

The production of acetic acid, butyric acid and acetic: 

propionic ratio was similar among all treatments. However, 

the concentration of total VFA and propionic acid was 

increased when steers were fed UTRS. These results were 

in agreement with Wanapat et al. (2009) who reported that 

propionic acid was higher for 5.5% UTRS than for RS in 

dairy cows. Opera et al. (1975) also reported that N 

supplementation from urea could increase the activity of 

rumen microbes in degrading carbohydrates (cellulose and 

starch) for VFA production when the energy level was 

sufficient. Under this study, total VFA concentrations in all 

treatments ranged from 108.3 to 124.9 mm and were found 

at normal concentrations (70 to 130 mm, Wanapat and 

Pimpa, 1999; Wanapat et al., 2013). Chopping of rice straw 

did not affect VFA production. These results are similar 

with those of Yuangklang et al. (2010) who reported that 

VFA production was observed to be unaffected by 

decreased rice straw particle size in beef cattle. Zhao et al. 

(2009) reported that total VFA, acetate: propionate ratio and 

individual VFA remained similar across the decreased 

particle sizes of rice straw in goats. 

Total N intake and N excretion (fecal and urinary) were 

all higher for UTRS than for RS. Urinary excretion of N 

will arise when there is ammonia accumulation in the 

rumen or high levels of deamination occurring in the body, 

due to excess protein fed or an unbalanced amino acid 

profile (Galo et al., 2003). In contrast with these results, 

Sinha et al. (2011) did not find an effect on total N intake, 

fecal and urinary N excretion in Mithun (Bos frontalis) fed 

on urea-treated paddy straw when compared to Napier grass. 

In addition, N absorption and N retention were found to be 

greater in steers fed urea-treated rice straw. The N retention 

was positive in all diets, ranging from 8.9 to 14.2 g/d. This 

result agreed with Pradhan et al. (1996) who reported that 

the N retention was increased by urea or ammonia treated 

rice straw when compared with untreated rice straw. Urea 

treatment of rice straw increased N intake as well as its 

absorption and retention indicating that this treatment could 

improve the performance of the steers. While, chopping of 

rice straw did not influence N utilization. These results were 

in agreement with previous reports, which indicated N 

intake, excretion and retention were not affected by the 

different particle sizes of rice straw (Wang et al., 2011).  

The PD excreted in the urine originated from absorbing 

microbial purines and purines from the animal tissues 

(Chen et al., 1992). The urinary Allentown excretion, 

absorption and MCP synthesis were increased in the UTRS 

and CHR fed groups. The EMNS based on organic matter 

truly digested in the rumen were enhanced by UTRS. 

Hoover and Stokes (1991) reported that the rate of digestion 

of carbohydrates was a major factor controlling the energy 

available for microbial growth. Under this present study, 

concentrate was fed at the level of 0.5% BW/d with urea 

treatment and chopped rice straw was used as a roughage 

source, both of which could synchronize to produce ruminal 

NH3-N and C-skeletons, suitable for ruminal MCP synthesis. 

Hence, NH3-N concentration was increased from 13.3 to 

21.2 mg/dL and enhanced efficiency of MCP synthesis in 
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the rumen. However, EMNS was not influenced by CHR 

alone. Similarly, Wang et al. (2011) reported that different 

particle size of rice straw did not affect EMNS. The MCP 

synthesis from the rumen as calculated from purine 

derivative excretion using the equation of Chen and Gomes 

(1995) ranged from 345.9 to 433.7 g/d. These values were 

relatively high in supporting the productivity of ruminants. 

 

CONCLUSIONS 

 

In conclusion, feeding of urea-treated (3%) rice straw to 

dairy steers resulted in an improved DM intake, nutrient 

digestibility, rumen fermentation especially NH3-N, 

propionic acid, N utilization, MCP synthesis and EMNS. 

However, no effect of chopping rice straw was found, 

except for MCP synthesis. Therefore, long form rice straw 

treated with urea improved nutrient digestibility, rumen 

fermentation and EMNS in crossbred dairy steers. 
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